AST 1383 Applicationr of Forest Ofl Corp.
for dusl cempletion of it State ®i* §) wen1
Sec. 26-14AS-~33E.







ikt

——

! 4
3
2
£

i

Yolume 41

of the
American Association of

Petroleum Geologists

CONTENTS

PORPHYRIN RESEARCH AND ORIGIN OF PETROLEUM
H. N. DUNNING AND [. W. MOORE

VANADIUM, NICKEL, AND PORPHYRINS IN THERMAL GEOCHEMISTRY-OF -

PETROLEUM GORDON W. HODGSON AND BRUCE L. BAKER
ENVIRONMENTAL STUDIES OF CARBONIFEROUS SEDIMENTS. PART I:
GEOCHEMICAL CRITERJA FOR DIFFERENTIATING MARINE FROM
FRESH-WATER SHALES
E. T, DEGENS,E. G. WILLIAMS, AND M. L, KEITH
EFFECT OF OVERBURDEN AND RESERVOIR PRESSURE ON ELECTRIC
LOGGING FORMATION FACTOR I, FATT
MGODERN EVAPORITE DEPOSITION IN PERU
: ROBERT C. MORRIS AND PARKE A. DICKEY
PALEONTOLOGY AND STRATIGRAPHY OF SOME MARINE PLEISTOCENE
DEPOSITS IN NORTHWEST LOS ANGELES BASIN, CALIFORNIA
PETER U. RODDA
PETROLOGY OF BEAVER LODGE MADISON LIMESTONE RESERVOIR.
NORTH DAKOTA DONALD TOWSE
IGNACIO QUARTZITE OF SOUTHWESTERN COLORADO
F. H. T. RHODES AND JAMES H. FISHER
CONTACT OF BURRO CANYON FORMATION YWITH DAKOTA SANDSTONE,
SLICK ROCK DISTRICT, COLORADO. AND CORRELATION OF BURRQ
CANYOr? FORMATION GEORGE C. SIMMONS
MISSISSIPPIAN BIOHERMS IN NORTHEAST OKLAHOMA
) JOHN W. HARBAUGE
BASAL CLAIBORN: OF TEXAS, RECORD OF APPALACHIAN TECTONISM
DURING EOCENZT THOMAS W. TODD AND ROBERT IL. FOLK
DEEP DRILLING THROUGH CUMBERLANND OVERTHRUST BLOCK IN
SOUTHWESTERN VIKGINIA DAVID M. YOUNG
STRATIGRAPHIC COMMISSION

Discussion of Report 5—Nature, Usage, and Nomenclature of Biostratizruphic Uni

Cur ot

GEOI OGICAL NOTES

Jurassic Stratigraphy in Elk Mountains, West-Central Colorado K. b Largenhoo, Jr,

Snowy Range Formatioh (Upper C...brian} of Montana Chrivtrna Lochrian lalk
DISCUSSION

Whence Came the Ivinan-wf,on-.,\ Vallace E. Prott
REVIEWS AND NEW PUBLICATIONS

Détermination Pratique des Focsiles, by André Chavan and André Caiflican

Nearman . Noeell
Recent Publications
ASSOCIATION ROUND TABLE
Forty-Third Annusl Meetin;, Los Angeles, March 10-13, 1954
Membership Applications Approved for Publication
. Nomminees for Officers

MEMORIAL

William Edgerton Cox W, E. Dougherty

AT HOME AND ABROAD

Number 11

2403

2413

2475
2493

2508

R TSP SETE SRS

CorywmigHT, 1957, BY THE AMERICAN ASSOCIATION OF PR1XoL:Uy Gronocisis

F b T




riend or foe?

The recognition of the informative signals

in a background of useless disturbances is equally
. - . . _/-. 3

as important in seismic exploration as it is in

aircraft spotting.

$SC’s seismic recording equipment is
designed with a frequency range wide enough to
receive, record and preserve faithfully all

possible signals of interest.

$5C's modern IMI seismic instruments have the
built-in versatility to handle any seismic
exploration problem, ranging from the highest
frequencies observed in reflection shooting to the

lowest frequencies encountered in refraction work,

If you are interested in ovS_.E.am, better
seismic records, write for SSC’s catalog C-1
*

describing the IMI seismic instruments.
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Seismograph Service Corporation
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irternational ® Seismograph Service
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Logging Through A Switchboard!

Throughout the years, Schlumberger has maintained
leadership in the development of better oil-inding cools.
Recent notable developments include—
The Combination-Induction Electrical Log
The Formation Tester

The Capsule-Jet

These services o .. which are

helping you find oil wday , . .

were the switchboard experiments

of yesterday.

You cannot Jower an idea into a well—it's a long way

from aciginal ideas for improved logging methods to practical field applications,

The carrying out of 4 concept means the design of an instrument

that will withstund the shocks, pressures, and temperatures encountered
in a4 bore hole . . . and still deliver precise informacion,

To aid in thiv work, engineers at the Schlumberger plant in Houston
conduct simulated ficld tests from their laboratory benches.

Each laboratory is wired 10 a common test well with seandard logging
cable. A "flick of the swirch™ in a distribution center connects the logging
instrument in the well with the surface recording equipment

in the laboratory, This “logging through a swiwchboard" illustrates

the progressive engineering practices utilized ac Schlumberger,

SCHLUMBERGER ...Engineerng for Better Service

———
Well Surveying Corporation

— e e e
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PORPHYRIN RESEARCIH AND ORIGIN OF PETROLECNM

H. N, DUNNING? axp
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1o W MOOR:
o OkEihoma

ABSTRACT

everal anadytical and physical methods for porphyris
applicd to problems of the petroleum industry. Methods
brtuminous materiads include solvent extraction or preci
and moiecular volatilization, The elssical me ol
method for extracting _::,_.r.i 1aggregates from bituminous mite
termining the meial contents of extracts rich in porphyrin
and spectrography, colorimetry, lame photometry, and X
The results of porphyrin vescarch have several
petroleum. The
their hiojogicul The carboxylated porphy conty
these oils, and presumably others, have a low-temperature history. Correlatic
indicate that the common nickel- and vimadium-parphyrin complexes are
reactions with animal ind plant metabolic pigments such s hen
present during the carly stages of petrolenm fc tion, phy
tor the cutrent theories that petroleum is formed slowly in marine or
mitrine and terrestrial plant and animal matter and
of primary formation. During the evolution of the
commonly associited with older formations,

resd

raphy,

important

tmpli

NS ol sonwe

s 0F por

brackish ¢
hat the asphaltic constitm
frthese sim (orm the ¢

INTRODUCTION

The discovery of porphyrins (naturad pigments related 1o

hemoglobin) in petroleum was one of the most
to the origin of petroleum. However,

uniticant achieveme

is only recently that the import

these sabstances throughout the petrofeum indusery has been venerally recou-

nized, An intensive research program ol this laboratory has resulied i

mulation of considerable dataon the properties of the porphyrins ol the
on the exploration, production, and refining of petroleun,

The porphyrins and their metal complexes may he readiiy

' Manuseript received, March 20, 1937, Presentedat the 13st meeting of the A
Society, Syposium on Analvtical Contributions to Researeh in Petroleum 6
Floricda, April 1o, 1037,

2 Petrolenm Experiment Station, Bureaw of Mines, United States Depar
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physicochemical methods. The vanadium-porphyrin complex, indigenous to
many bituminous substances, is remarkably stable. Therefore, these substances
servi as natural “tracers”: observations of (heir occurrence and properties per-
mit an insight of seme of the mysterious processes of petroleum formation.

The complexity of the porphyrins requires specialized equipment and methods
of research but at the same time affords methods for their identification and iso-
lation. Several of the methods available for porphyrin research are discussed
brietly 1ogether with the implications of the experimental results on the explora-
tion and production of petroleum.

EXPERIMENTAL METHODS ANT RESULTS
ISOLATION AND IDENTIFICATION O METAL-FORPHYRIN COMPLEXES

The metal-porphyrin complexes usually are identified in crude-oil extracts
by the distinctive spectra observed when light, passing through the samples, is
partly absorbed at different waveiengths in the visible region (Fig. 1). The por-
phyrin complexes commonly have a major and minor peak in the visible region
between s1o and 380 my, and a very strong peak in the near ultraviolet region
at about 400 ma. The visible peaks are the most useful because the strong peak
al 400 my often is obscured by colorless substances that have sirong absorbance

at lower wavelongths,
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Fie. 1 Yhsorption spectra of final chromatographic fractions containing
porphyrin complexes. 3.0 mg. per ml. of benzene.

PORPHYRIN RESEARCH AND ORIGIN OF PETROLEUM 2403

Several methods for isolation of metal-porphyrin complexes from crude oils
and oil shales have been found effective. In general, their effectiveness decreases
rapidly with the porphyrin contents of the oils.

Propance precipitation results in the separation of a considerable amount of
the metal-porphyrin complexes from the refined portion of the oil because the
metal-porphyrin complexes are mainly associated with the asphaltic portion of
petroleum, Extracts relatively rich in metal-porphyrin complexes are obtained
when this precipitation is followed by extraction of the asphalt with solvents of
increasing polarity. This method was used by Skinner (1932) and by Dunning
and co-workers (1953, 1954) Lo isolate vanadium- and nickel-porphyrin complexes
from California crude oils. Glebovskaya and Volkenshtein (1948), Blumer (193507,
and Treibs (1934, 1935) studied extracts of petroleum and bituminous materials
obtained by direct extraction with alcohol, chloroform, acetic acid, or pyridine,

Treibs (1935) first used chromatographic methods for the isolation of metal-
porphyrin complexes from extracts of oil and other bituminous materials. Chro-
matographic methods should suflice for the isolation of such substances directly
{rom crude oil. However, the chromatographic separation is made more eflicient
and rapid by denaturation of the crude oi} by processes such as solvent precipita-
tion preceding chromatographic separation.

Dunning and Rabon (1936, isolated nickel- and vanadium-porphyrin com-
plexes from the asphaltenes and also from the raffinate resulting from the propane

precipitation of an asphaltic Mid-Continent crude oil. The isolation procedure

involved extensive chromatography with silica gel and alumina columns. The
spectra of the chromatographic zones containing metal-porphyrin complexe.. are
shown in Figure 1, Molecular volatilization also was used in these studies for the
scparation of metal-porphyrin complexes {from agphaltic material, The vanadium-
and nickel-porphyrin complexes are readily volatilized at a pressure of abourt 10
microns at temperatures from 250°-300°C. A relatively impure extract containing
the vanadium-complex was molecularly voluatilized to yield fractions of consider-
able vanadium-porphyrin content. Vacuum distillations of mixtures of the nickel-
and vanadium-porphyrin complexes indicated that the nickel-porphyrin complex
had a degree of volatility comparable with that of the vanadium-porphyrin com-
plex, Vacuum distillation methods offer a promising vay of purifying the por-
phyrin complexes, and may be useful for purifying the free porphyrins as well,

ISOLATION AND IDENTIFICATION OF PORPHYRIN AGGREGATES

The complicated mixtures of porphyrins, freed of the metals with which they
were ncBE../a obtained from petroleum are referred to as “porphyrin aggre-
gates.” I'ree porphyrins commonly have four strong absorbance peaks in the
visible region (Fig. 2). The locarion of these peaks ([-IV) vary soniewhat with
porphyrin type and solvent used but generally are located at about 620, 563, 535,
and 500 mu, respectively, In addition, porphyrins have a very strong absorbance
peak at about 400 mu which is known as the Soret peak. These peaks cause the
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porphyrin solutions to have a typical red-violet color and to be easily and defi-
nitely recognized with a simple spectroscope.

Another property of importance in analyzing for porphyrins is their strong
red fluorescence under ultraviolet light, Porphyrins typically have a strong
fluorescence band at about 625 mu and weaker bands at other wavelengths, This
strong red fluorescence allows the detection of porphyrins at levels far below
those detectable by absorbance studies and is a valuable tool for this purpose.

‘The isoletion of porphyrin aggregates from crude oils or asphaltic materials
depends on removing the metals from the metal porphyrin complexes so that the
central nitrogens may exhibit their basic characteristics. The porphyrins then
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Fre. 2.--Absorption spectrum of porphyrin aggregate from crude oil from Tatums field,
160 mg. (original oil) per ml, of chloroform.

may be separated from the crude-oil components by physicochemical methods.
Procedures Tor removing the metal components from metal-porphyrin complexes
have advanced litde since the work of Treibs (1934), but recently Groennings
{1933/ has published o revised and simplified method. The procedure involves
prolonged digestion of the crude oil with glacial acetic acid saturated with HBr
in 4 sealed ampoule at 50°C. The free porphyrins are basic and therefore are ex-
iracted from the digestion products by strong hydrochloric acid. Although this
is an cld procedure it effectively takes advantage of the peculiar properties of
porphyrins,

After the aggregate has been isolated, the porphyrin content may be deter-
mined colorimetrically or, more precisely, by a spectrophotometric procedure in
which the heights of the four peaks, above background, in the visible region are
compared with those of a pure porphyrin sample. The absorption spectrum of a
typical perphyrin aggregate is shown in Figure 2.

The metal contents of extracts rich in metal-porphyrin complexes presumably
could be determined by usual methods of analyses. However, the amounts of rela-
tively pure extracts are normally very small so that micro methods are required

——
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Several methods that have been used in this laboratory are qualitative emission
spectroscopy, spectrography, flame photometry, colorimetry, und N-rav spec-
trography.
RESOLUTION OF PORPHYRIN AGGREGATE

Free porphyrins have either acidic or basic properties and isoclectric (neu-
trali points at pH values from 3 to 5. Their acidic characteristics are caused by
side chains containing carboxylic acid groups while the two tertiary nitrogens of
their nuclei lend them a weakly basic character. The structures of two typical
porphyrins are shown in Figure 3. The partition of porphyrins between organic
and aqueous solvents depends on the oil-soluble nature of the ring and the water-
soluble nature of the central nitrogens and the polar side chains.
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¥16. 3.—Structures of typical porphyrins and oerientation at oit-water interfuce.

The extraction of porphyrins from cthyl ether by acids is an impaortant prop-
erty for their purification. Lemberg and Legge (1949) report that different por-
phyrins require hydrochloric acid of different concentration for extraction from
ether and list the “HCI numbers” of common porphyrins. This method has heen
most useful in clinical or other work where the porphyrins have major differences.
However, much of the porphyrin content of petroleum is decarboxylated and the
common carboxylated form contains one carboxvlic group. Therefore, the parti-
tion method is limited in its applicability for resolving the porphyrin aggresates
of petroleum.

Paper chromatographic methods were developed by Dunning and Carlton
(1956) to allow resolution of the porphyrin aggregates of crude oils into several
distinct groups. Several of the groups consisted of decarboxylated porphyri
which differed in spectral and/or “R(" values (rate of movement relative to soi-
vent iront). Correlations of these data indicated that the more mobile of these
porphyrin groups probahly were of “animal type.” The other decarboxylated
groups, which comprised the bulk of the aggregates, and the carboxylated por-
phyrins were of plant origin. In addition to a Jarge amount of decarboxylated

‘porphyrin material, the porphyrin material of two heavy, asphaltic oils from Cali-
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fornia (Santa Marta Valley) and Oklahoma (Tatums) contained about 8 per cent
of carboxylated porphyrins. The carboxylated porphyrins were studied by the
praper-chromatographic method of Nicholas and Rimington (1949). The results
indicated that the major portion of the carboxylated porphyrins contained one
curboxylic acid group and probably was desoxophyiloerythrin, a porphyrin previ-
ously identitied in oil-shale extracts by Treibs (1934).

Paper-pulp chromatography affords a simple method of accomplishing the
usually difficult separation of carboxylated and decarboxylated porphyrins. Pre-
liminary steps have been taken in developing this method into a routine labora-
tory procedure. The peculiar geochemical f:u::_np:na of carboxylated @o:v_d:.-
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Tins-In-petroleum-lends-importance-to-such-work:-

DISCUSSION

The origin of petroleum is one of the most basic and ntriguing questions of
petroleum geochemistry. In a recent extensive review of this subject, Stevens
{1950} concluded that petroleum is undoubtedly of organic origin and probably
formed by sedimentation and related processes in marine or brackish-water en-
vironment from marine and non-marine organic matter, Studies of the porphy-
rins in this luboratory are in agreement with this conclusion and supply addi-
vonal evidence in its support.

The widespread occurrence of porphyrins in petroleum is evidence of its bio-
iy H oi.&:. Crude oils, in their migration, presumably could have assimilated
wrin muterials from substances not originally in the source hed, However,
s very unlikely s a general phenomenon. The identification of porphy-
rizds in crude oil from the Uinta basin and the bigh content of these ma-
teriwis in Santa Maria Valley crude oil, both of which are believed to cxist in the
reservoir in which they were fermed, is rather convincing evidence that the por-
phyrin agaregates extrocied from these oils actually were present during the
[ ion of the crude oils. The high porphyrin contents of extracts from Colo-
rado oil shales reported by Moore and Dunning (1955), in which the organic ma-
terial is immobile, corroborate this view, Dyemenkova and Kurbatskaya (1955),
in reviewi s of seversl Russian workers, concluded that vanadium
and nickel are present in crude oils from the beginning, This is in agreement
with the conclusion of Treibs (19340 as well us Glebovskaya and Volkenshtein
{1448}
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vhyrins in petroleum is evidence of a low-temperaturs history of the reservoirs
witn which they are associated. This conciusion was based o observations that
pure porphyrins are decarboxylated at tereperatures from 300° to.350°C. The
reaction occurs ever at lower temperatures rver extended periods. Although the
efiect of high pressures in inhibiting decarboxylation should be considered, the
presence of carboxylated porphyrins in ceude oils is evidence that these crude
oils and their source materials have not been subjected to high temperatures.
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Porphyrins have not been identified in all oils and, indeed, are rare in the older
American crude oils, Therefore, it would be premature to assume low-tempera-
ture origins for all crude oils.

Another interesting question on the origin and evolution of petroleum is that
of the geochemical relationships between asphaltic and paraffinic oils, One group
of scientists attributes the asphaltic constituents to primary formation and re-
gards such substances as the remnants of organic materials, which during the
evolution of the oil, simplify to form the lighter, more paraftinic oils. Another
group maintains that the tarry substances are of a secondary character and

1

probably arise as a result of microfloral activity. The latter view has found ditte

They report that the vanadium complexes are associated with the asphaltic sub-
stances of crude oils and that the nickel complexes are associated with the oleagi-
nous components. Furthermore, the vanadium-nickel ratio is higher in oils of
high sulfur content. From these results, they conclude that the concentration of
sulfur, porphyrins, and vanadium in petroleum is'a secondary process caused by
bacterial action. However, they believe that the nickel porphyrins are related
the biochromes of the organisms originally present during the formation of the
oil. These conclusions seem illogical from a philosophical approach and doubtiul
cven if the data are aceepted as being generally applicable. Studies by Dun
and co-workers (1953, 1054, 1956) show that both the nickel- and vanadivm-
porphyrin complexes are principally associated with the asphaltic components
crude oils. However, hoth of these complexes also are found in smualler
in the oleaginous portion of Mid-Continent and California crude o
indicates no sharp distinction between the propertics of vanadium- ;:; nickel-
porphyrin complexes and indicates a close relation of these materials with the
original source of petroleum. With few exceptions, appreciable porphyrin con-
tents in the oils studied are limited to highly asphaltic oils from reservoirs of zeo-
logically “new’ ages. The porphyrin contents of American oils of low asphals
content, such as Bradford, Oklahoma City “Wilcox,”
are very low. To date it has not been possible to detect porphyrins in the Brad-
ford crude oil which is notable for its low asphaltic content. These laboratory
results support the view that the asphaltic components of crude oils generally
are of a primary character and thas the porphyrin complexes ure related 1o the
original organisms and new formations originating during the sedimentation
phase and the period of diagenesis before the petroleum moves from its source
bed. This is in agreement with the conclusions of Scott ¢f ¢l. (19545, Treibs (19341,
Blumer (19350, 1052), Dyemenkova and Kurbatskaya (1953, Skinner {19523, and
of Glebovskaya and Volkenshtein (1948).

In certain exceptional instances, it appears that substances of asphaltic ap-
pearance may be formed from clear crude oils by sccondary nrocesses such as
weathering and oxidation of oil seeps. Recent studies have indicated some posai-
bility of differentiating between such -substances and the asphal

This work

and Bartlesville crude o

T constuenis




L

a0 - - "

2410 IH.N. DUNNING AND J. W, MOORLE

of “voung”

crude oils by porphyrin analyses. If this can be done, the results
would be of considerable value in petroleum exploration.

The source of the rather common vanadium-porphyrin complex is of particu-
lar geochemical interest. Glebovskaya and Volkenshtein (1948) postulate that
this complex is the respiratory pigment of marine life, particularly the ascidians.
This postulate seems unlikely since it would involve such specific organisms in
the origin of many widespread petrnleum deposits. However, it has gained some
credence because of the difficulty of synthesizing the vanadium-porphyrin com-
plex in the laboratory. Recent work by Erdman and co-workers (1956) tends to
discredit this unusual theory. They showed that the vanadium-porphyrin com-
plex could be as readily synthesized as the nickel complex if the proper vanadium
salt were used. Furthermore, after an extensive study of the blood of ascidians,
Webb (1939) reported that the vanadium chromogen of these organisms was in
no sense a respiratory pigment and that it wes not ¢ porphyrin compound. There-
fore, it appears likely that the vanadium- and nickel-porphyrin complexes were
formed within the reservoir or source bed by metal exchange reactions from the
common magnesium (chlorophyll) or iron (hemoglobin) resniratory pigments of
plants and animals. This view is widely held by petroleum scientists who have

studied the porphyrins and trace metals, including Blumer (19350, 1952), Dymen-

kova (1955), Scott (1934), and Treibs (19353).

It is commonly believed that plant life has had a large part in the formation
of petroleum. The importance of animal life in such formation appears less cer-
tain. However, Stevens (1956) concludes that animal remains contribute to petro-
leum formation. There has been some question that animal porphyrins exist in
crude oils as claimed by Treibs {1934). However, recent paper chromatographic
investigations by Dunning and Carlton (1956) have produced some evidence of
the presence of animal-tvpe porphyrins in some asphaltic American oils. Since
a few plants synthesize porphyrins similar to those produced by animals, this is
not positive proof that animal matter contributes to petroleum formation, How-
ever, the presence of animal remains would be in agreement with the biological
origin of crude oil and would indicate that hemoglobin is capable of entering into
exchange reactions to form more stable complexes much in the manner that
chloropbyll apparently does. This conclusion is corroborated by luboratory results
of Milroy (1gog) in which the iron of hemoglobin was replaced by various metals
under reducing conditiona,

T'he high interfacial activities and film-forming tendencies of the metal-
porphyrin complexes indicate that they are among the substances zffecting the
wettability of reservoir rocks and causing petroleum to cling tenaciously to the
reservoir surfaces. These properties also cause the porphyrin complexes to be
adsorbed on reservoir-rock surfaces. Therefore, the migration of a crude vil from
one formation to another may be indicated by a change in porphyrin content of
the crude oil. Correlations of this kind, if they can be established, would be of
considerable value in studies of source beds and petroleum migration.

!
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CONCLUSIONS

Several analytical and physical methods for porphyrin research recently have
been developed or applied to problems of the petroleum industry. The results of
these studies yield information of value in petrolenm production, refining, and
exploration.

The porphyrins and their metal complexes commonly are recognized by spec-
troscopic or spectrophotometric measurements of their typical absorbance spec-
tra in the visible region. Spectroscopic or visual ohservation of the hrilliant red
fluorescence of free porphyrins under ultraviolet light may be used 1o detect
minute amounts of these substances.

Methods for isolating metal porphyrin compiexes from bituminous materials
include solvent extraction or precipitation, emulsitfication, chromatography, and
molecular velatilization. The classical method of Treibs and Groennings remains
the basic method for cxtracting porphyrin sggregates from bituminous ma-
terials. Analytical methods for determining the metal contents of extracts rich
in porphyrin complexes include emission spectroscopy and spectrography,
colorimetry, flame photometry, and X-ray spectrography.

Paper chromatographic methods have been developed to allow the separa-
tion of the porphyrin aggregate of crude oil into several groups. The carboxylated
porphyrins may be separated readily from decarboxylated types using puaper-
pulp columns.

The widespread occurrence of metal-porphyrin complexes in bituminous ma-
terials is definite evidence of the biological orivin of crude oil. The carboxylated
porphyrin content of some crude oils indicates that these oils, and presumably
many others, have a low-temperature history. Correlations of porphyrin studies
indicate that the common nickel- and vanadium-porphyrin complexes are formed
by metal exchange reactions with animal and plant metabolic pigments such as
hemoglobin and chlorophyll which were present during the early stages of petro-
leum formation.

These results offer consicerable support for the current theories that petro-
leum is formed slowly in marine or brackish environments from marine and ter-

restrial plant and animal matter and thar the asphaltic constituents of crude oilx
are of primary formation: during the evolution of the oil these simplify to form

the clean, paraffinic oils commonly associated with older formations,
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VANADIUM, NICKEL, AND PORPHYRINS IN THERMAL
GEOCHEMISTRY O PETROLEUM!

GORDON W. HODGSON? anp BRUCE 1. BAKTER?
Fdmonton, Alberta, Canada
ABSTRACT

The thermal degradation of compounds containing varadium and nickel in crude oil has been
examined in order to throw further light on the significance of the trace metals in the geochemistry of
petroleum. Almost identical first-order reaction rates were observed for the removal of the two metals,
and extrapolation of the data to geological times and temperatures showed that present-day reservoir
temperatures are toe low to permit a sigaificant thermal contribution to the changes which appear to
have occurred in the maturation of crude oil, A study was made of the degradation of porphyrin com-
pounds which are responsible, in part, for the presence of the metals in oil. The rate for the porphyrin
degrndation at 358°C, was 0.020 hr. ™}, considerably greater than that for the removal of vanadium,
o.013 hr,™! and the nickel, 0.012 hr,™'. The activation energy, which is a measure of the temperiture
dependence of the reaction, was 52.5 Keal./mole for porphyrin degradation; 58.6 Keal./mole for
vanadium removal; and 57.5 Keal./mole for nickel removal, These data indicate that the spread be-
tween porphyrin degradation rates and metal removal rates would increase al all lower temperatures.
Consequently, il thermal action were responsible for the maturation. of crude oil in nature, the
porphyrin material in a maturing oi! would be lost very rapidly compared with the removal of metals.
The relatively constant proportion existing between porphyrin content and metal content found for
a widely varying suite of Canadian oils shows that this has, in fact, not happened, This obscrvation
tends to cor.firm the conclusion that thermal action has little to do with the maturation of erude oil.

NTRODUCTION

Vanadium and nickel have been recognized as constituents of petroleum for
many vears. How the metals eater the oil is not clearly understood, although it
has been generaliy belivved that they entered at the time of the formation of the

oil. Once there. the metals have heen recarded as a source of information regard-

ing the past history of an oil, particuiarly with respeci to it origin and accumula-

tion.

Tle metals appear to have a real georh
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TapLr L Sesmsary oF OCCURRENCE OF VANADIUM AND NICKEL IN CrUDE OfLs

No. o Vanadium 7
Saniples ppm) Rejerence
+ 7 Qg gy t.3{0.0-2 3} Milneret el (19572)
1 o. 10 3 2.0% Bull ef o/, (1050;
97 —_ — o2 Katchenkov (1949)
1H ab {0412y 17 [EFEERE3) FRUET- WS 20 Y Gulyarva ef al. (1¢41)
1 11ho 1o 19,5 McEvoy ef af. (1¢5s)
' 2 17 0.7 Milner et al. (ig52)
9 10.05-100) 11 (w03 29)  2.5(0.1-0,1) Ball et al. (19500
iy (©.1-220) 25 {0,477 2.0(0.373. 4} Hodgson {1054)
f .5 6. 3.8 Milner ef al. (1952)
26 . P .7 Katchenkov (1¢.49)
ﬁm \ r 44 (0.8-100) 13 (0.2-27) 3.2(1.5~4.8) Ball et ad. {1950)
v 4 2.8(0.8-7.9) 2.4(t.0-4.8)  0.9(0.5-1,0) Milrer et al. (1953)
v t — — R c.6 Shirley (1g31)
t 23 o440 1-5.2)  1.6(0.1-8.¢) 0.3(0.07-1,0) Bonham (1956)
v [ B : — 2.5 Shirley Mnouc
y ot - 0.8 Shirley (1931)
i um 9.3 (0.04~%y) 8.1(0.1-5.7)  0.8(0.174.2) Hodgson (1954)
v o - 8.0 Katchenkov (1040)
Rk e — v — (2-0) Culyaeva (1952)

* Bravketed values fadicate range of variation in group of oils analyzed.

small number of Gelds. While it is unfair to compile all these data into one brief
table, the table nevertheless does give some indication of the occurrence of
-anadium and nickel in crude oil. The picture does not appear uniform. For
example, Katchenkov (1949) found that there was a general trend for the oils
from the oldest formations to be marked by a high vanadium-to-nickel ratio.
On the other hand, Hodgson (1934) found the oils for western Canada to fit into
the reverse pattern, in which the oils from the oldest formations were generally
marked by a very low ratio, Ball (1956) found that the ratio for oils from some
of the United States fields appeared to agree well with the ratio for oils from the
Soviet Union, while for other American fields his data showed much less agree-
ment with the Soviet data,

Hodgson (19341 suggested that the downward trend with age in the vanadium-
to-nickel rutio observed for the Canadian oils might be a reflection of some general
maturation effect. The geology of the western Canadian plains indicates that the
ol ficlds there were perhaps unique among oil fields in that they are, for the most
part, completely isolated from anv externisive diastrophism; as a result, the Cana-
dian oils =night be regarded as having been less subject to the changes that would
tend 1o obscure che fundamental geochemical processes than have the oils from
other parts of the world.

The object of the present research program was to examine one of the various
agents that might be operative in the maturation of crude oils and, specifically
he agents that might be operative in the change of the metals ratio through m“

st e oo R HEFABLOWErINEeO frhemetat comrentAmong the PosSTBIC TACtors involved in the

migration and accumulation of crude oil, the effect of heat is the facter which
A.055w“~_dmm immediate attention, Accordingly, attention was first directed to an
cxaminavion of the effect of heat upon the presence of metals in a crude oil. It js
with this phase of maturation study that the present paper is concerned.
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EFFECT OF HEAT ON VANADIUM AND NICKEIL CONTENTS

When a petroleum ol is subjected to heat action the oil tends to breuk down
into a lighter liquid product, a gas product, and a coke product. If an oil is
pictured as migrating when this alteration occurs, it is obvious that the liquid
and gaseous materials would continue to move, und that the ccike, being a solid
insoluble in the oil, would be left behind. The ultimate wccumulation of the
migrating oil would then be an oil lighter than the original. If the metal-con-
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to mature from a vanadium content of about 300 ppm to 1 1y

neotupetroleum

at action,

taining compounds in the oil are subject to destruction throug
the metal contents of the accumulating oil would be reduced because the metals
released from the oil would be left behind with the coke. ,

To simulate such a change in the laboratory, an oil was heated in @ stainless
steel bomb at controlled temperatures for measured periods of time, and the
altered oil was separated from the coke and gas and analyzed for metals content,

of northeastern Alberta. Its inspection is given in Table IT which shows it to be
a very heavy black oil. This oil was chosen because of its high metals content,
and because it is probably closer to the situation under study than any other
Alberta oil since it is usually regarded as a young oil (Ball, 1933; Scott ¢ al.,

1954).

sands...
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Tavee IL CHANGES v GraviTY, VISCOSITY, SULPHUR, VANADIUM, AND NICKEL 1¥ MCMURRAY

Crepr O1L RESCLTING FROM THERMAL ACTION AT 358-428°C.

Temp. Time Gravity Vise., Sulphur | Ni V/Ni
°C.) Ur) Gy A0 (%) (ppm) (ppm) Rati
Aty (csth.) o bpm ppm \alio
Crude oil — 5.0 00,000 3.2 211 77.2 2.73
3.0 10.6 o8, 3 3.7 152 07.0 2.27
02,3 14.5 07.0 3.7 113 335 3.37
03.0 14.3 102.3 3.7 107 34.5 3.10
SX.o 16.3 30.34 3.5 7.5 20.0 2.54
132.3 20.1 12.91 3.2 1%, 2 7.07 2.57
12,2 12.6 225.60 3.7 122 43.0 2,80
1.0 IX.8 19.12 3.7 335 17.0 2.43
23.0 8.3 16,32 3.2 32,7 13.4 2.33
S0 23.4 .13 3.1 6.70 2.95 2.27
1.0 20.6 2.3 .83 0.63 - 1.32

SO8 1.3 [ 1080 3.1 43.0 3.51
on 2.3 3.3 T3.16 3.0 34.2 2.4%
4o .0 10,3 12.02 3.7 5.8 2.33
30% 3.7 PLoIIN 0.60 3.4 w A 2 “m

Lox Y s JO - . - D
408 [ 5.2 2,78 3.2 h 1.37 2.40
unm .25 1.0 10.32 12.4 2.27
...n.J z.0 224 1.3%0 3.70 2.01
228 5.0 oy 2.82 2 .Tu,f 1.350
28 3.3 2.0 235 N2 0.% 2.03'

A 300-gram sample of dry McMurray oil obtained from the separation plant
at Bitumount. Alberta, was placed in a Soo-ml. bomb {American Instrument
Company Superpressure A.1.S.I. 347 stainless steel) which was then purged with
high-purity nitrogen. The system was pressurc-tested, and the thermal reaction
was started by heating the bomb to the desired reaction temperature. Initial
results indicated that temperatures below about 350°C. were not sufficient to
bring about an appreciable reaction within a reasonable time. Consequently, the
studies were carried out at temperatures of about 350°, 375°, 400° and &.mon.ﬂ.
The oil in the bomb was kept agitated during the entire period by a motor-driven
rocking mechanism,

At the completion of the heating, the bomb was cooled to room temperature
and depressurized. The contents of the bomiy were then scparated into liquid and
solid by centrifuging. The liquid phase was cxamined for gravity, viscosity,
sulphur content, and vanadium and nickel contents. The sulphur am::.:::m:o:
was made by a combustion-titration method, and the metals were determined
colorimetrically as previously described (Hodgson, 1954).

Table II shows the results of the theymal maturation of the McMiurray oil
in the rocking bomb. Tt is obvious that the McMurray crude oil was altered
considerably. The viscosity data show the most marked changes. The A.P.I.
gravity was increased to values roughly comparable with Redwater crude oil
a typical light crude oil of the western plains. Sulphur was reduced only to mcosm
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half of its original value. With the exception of the sulphur results, the data
indicate that the heavy black oil was altered markedly in the direction of a nor-
mal light crude oil.

The vanadium and nickel contents of the oil were lowered 1o a great extent
in some cases to values less than one per cent of the original. ‘fhe change in
metals content with reaction time at a given temperature was quite regular, and
the data appeared to fit into first-order rate expressions. The rate constants
were calculated for the removal of vanadium and the removal of nickel from the
liquid oil, and the results are shown in Table II1. The reaction rates for the two
reactions are nearly the same, although at the higher temperatures the vanadium
appears to be removed at a somewhat more rapid rate than the nickel,

“The temperature of the reaction varied over a range of nearly 10° and the
timing of the reaction was not very precise because the heating and cooling of the

TapLE TIL Firsr-Ornek RATE CONSTANTS POR REMOVAL 0¥ VANADIUM AND NICKEL IN
Rocrixne Bosms TirrMAL DEGRADATION 0F McMurray Crupr On,

Time by ey

Temp.

(°C) (hr.) (. VI
358 062.5 0.0100 ©.0133
63.0 o.0108 0.0128
72,25 0.0103 0.0100
88.0 0.0130 0.0121
. 120.0 0.0120 0.0123
©.0101 0.0157
0.0122 o.o128 '
383 0.0831 ©.077
0.08;32 0.070
0.0002 0.00,4
0.073.4 0.070
o0.0028 0.050
©.0554 0.048
Average: 0.0%712 0.0032
408 2.3 0.308 0.324
4.0 0.443 ©.390
4.5 0.442 0.300
4.5 0.338 0. 290
5.7 0..422 0.413
12,23 0.330 0.327
Average 0. 300 i 0.359
428 1.23% 1.551 .00
2.0 1.320 1.300
3.0 .33 1.318
4,23 1,104 1,038
3.23 1.030 o.91%
Averawe: 1308 1.105

e N
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reactor bomb was very slow at these temperatures. To improve the control on
the thermal reactions, the study was repeated using sealed glass tubes rather than
the large bomb. The ol sample-~about 10 grams—was weighed into the tube
and the tube sealed. It was then placed in an aluminum block furnace, along with
several other <amples. The temperature of the block was controlied to £0.5°C.
Although pressures in the tubes reached at Jeast 1,000 psi during some of the re-
uctions, no tube failures were experienced. At the end of the reaction time the
tube was withdrawn, cooled, and opened. The contents were diluted with ben-
zene, and the coke centrifuged off. The coke material was extracted with benzene,
and the residue dried and weighed to arrive at an approximate oil yield by dif-
ference; the benzene solution was evaporated, wet-ashed, and the metals deter-
mincd as before.

Table IV shows the metal results for the sealed-tube study. Again the data
appeared to fit into first order rate expressions. The data at the lowest tempera-

Tapre IV, Firsi-Oxner RATE CONSTANTS FOR REMOVAL OF VANADIUM AND NICKEL IN SEALED-
Tusk TiexrmaL vax.yc.,n:cz oF McMurray Crupk O1L
Temp., R,NE., I /: V/Ni ity kv
“C. (hr.) (ppm) (ppm) ‘ (he,7) (he )
350 xx_o 102.9 41,1 2.50 o.00813 0.00718
185.0 5.5 30.3 2.19 ©.00023 ©.00503
232.3 45.1 17.3 2.53 0.00003 0.00030
Average: 0.00700 0.00017
334 124.8 6.3 30. 2.02 0.00027 0.00504
477 5.0 - - 0,0042 -
32.0 — — 0.0130 —
8.0 43-5 1.88 0.01906 0.0119
72.0 20.1 2,25 0.0(03 0.0135
103.0 3.2 1.73 0.0224 0.0195
1%7.0 - —_ Q.0(,4 e
Average: 0.0171 ©0.0150
400 8.0 Spor 33.1 7.54 0.115 0.100
404 6.0 107.4 13.0 2.45 0,113 0.004
8.0 74.2 30.5 2.43 0.131 0.110
5.0 3.7 28,5 1.22 0.113 0.0062
16.0 34.8 1.4 3.00 0.113 0.11¢
Average: 0.118 ©.008
423 3.0 rrr.2 30.7 2.80 0.%14 0.221
4.0 71.0 23.3 3.05 0.273 0.%00
G.o 0.3 8.0 2.11 0.280 0.237
8.0 18,2 1.0 1.60 0.307 0.244
Average: 0.269 0.250

Activation encrgies: Vanadium removal—47.6 Keal./mole
' —47.8 Kcal./mole

Nickel removal
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ture agreed well with the rocking bomb data, but at the higher temperatures the
sealed-tube rates were somewhat lower than the rocking bomb rates. The reason
for .he lack of agreement is not immediately clear. 1t is obvious that possible
leaks in the bomb system could not account for the higher homb reaction rate
at the Em:on temperatures, Possible catalysis of the reactions by the stainless
steel surface was probably insignificant because addition of stainless steel cuttings
to sealed-tube reactions showed little effect on the reaction rates, Tt is possible
that the higher reaction rates in the bomb can be attributed to a different sor
of catalysis. The crude McMurray oil contained sclids to the extent of about 1.5
per cent. These solids consisted of kaolinite, illite, pyrite, and quartz as shown by
X-ray difraction. In the stationary sealed tubes these minerals undoubtedly
settled out immediately, but in the rocking bomb the minerals would have been
held in suspension during the entire reaction period. Since it is generally believed
that clay minerals do have some catalytic effect in the maturation of crude oil,
it is probable that such catalysis would be much more pronounced in the rocking
bomb than in the sealed tubes. In any cuse, the difference in rates was not great
and either set of data could be used with considerable confidence.

The activation energies shown with the foregoing data indicate the tempera-
ture dependence of the metlal-removal reactions. The values are very similar for
the two metals, and the slight differences are probably not signiticant.

To test the applicability of the McMurray results to crude oils in general,
a few rocking bomb determinations were made on two other crude Lloyd-
minster oil--another heavy black oil, and Redwater a relatively light c:. The
data for these two oils shown in Table V give little reason to believe that the
McMurray results are not applicable to crude oils in general,

It is significant to note that the activation encrgies found for the two metal-

‘fasLe V. TirsT-ORDER RATE CONSTANTS ¥OR REMOVAL 0F VANADIUM AND NICKE
Bomp THERMAL LEGRADATION 0F LLOYDMINSTER AND REDW

IN RoCk
Crupi O

Temp, Time Vv ><. VN Ky
°c) (hr)) (ppm) Cv\:zv e (hro 1y
Lloydminster
Initial 92.5 3% 2.39
Heatcd 358 144 1.8 .\..S 1.00 ©.0143 o.011%
Heated 410 5.2§ 1§.3 8.38 1.83 0. 344 0.250
Activation energies: Vanadium removal-—s.4.6 Keal./mole
Nickel removal -55.3 Keul./mole
Redwater
Initixl 4.0§ 0.00 o.q1
Heated 358 1710 0.90 2,00 0.38 0.0083 0.00%0
Heated 408 10 o.171 0.53 0.21 0. 300 0.203
Heated 408 5.5 1.00 2,31 0.40 VIPXE 0.270
Heated 4106 14.5 0.20 0.28 0.7 . 207 0.410

Activalion encrgies: <::,::_.:: removal-- 2 Keal./mole
vickel _,r_:.:.._._‘,‘mc .\ 7?: \_:o_c
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removal reactions, and the absolute rates of reaction for the two reactions, are
not greatly different from the data published by McNab ef a/. (1952) for the
zeneral changes brought about in the McMurray oil by thermal action,

VANADIUM AND NICKEL DURING GEOIGGIC TIMES AND TEMPERATURES

Having measured the raics of removal of vanadium and nickel under labora-
tory S:&:o:m.. and having measured the temperature dependence of the sume
2:.».:::? it is possible Lo project the data to geologic times and temperatures.
This approach can not be regerded as giving an indisputable answer: neverthe-
1ess, it should give an answer in which considerable confidence can be placed.

One method of examining the situation is to make an estimate of what the
starting materials of the oils were. Then, knowing the periods of time involved
from the beginning to the present, an estimate can be made of the temperatures
that must have prevailed during those periods to actount for the conversion that
appears to have occurred. An examination of the trace metals content of the
original organic material shows that for most plant material a metal content
higher than ro ppm is not common (Bertrand, 1950). Animal life in some fairly
isolated instances exceeds this figure but, by and large, the 10 ppm limit holds
with animal life too (Noddack ef al., 1939). The mechanism by which this organic
material undergoes its early conversion to petroleum is very obscure, but it
seems reasonable to believe that a large proportion of the total organic material
would have been lost. The present study has shown that the metal-containing
structures are quite resistant to thermal action, and it seems logical to believe that
the metal-containing materials would perhaps tend to be preserved to a greater
extent than many of the more fragile organic structures making up the organic
residues from plant and animal life. This would result in an effective increase in
concentration of the metals in the protopetroleum beyond the 10 ppm limit. This
suggestion is borne out by the observation that many crude oils have metal con-
tents in excess of 1oo ppm. The crude oil of the McMurray oil sands and the
crude oil of the Santa Maria Valley in California are marked by probably the
highest vanadium concentrations of the oils of North America—zr11 and 223
ppm respectively. The vanadium concentrations in protopetroleums must ob-
viously have been higher than these--probably as high as soo0 ppm. The time
required to bring about a reduction in vanadium content from about 500 Dpm
to 1 ppm, which is a common figure for ordinary light crude oils, can be calcu-
leted readily from the observed rates and the activation energics. The curves
shown in Figure 1 were developed from such calculations, and it is apparent that
thermal action alone has little effect on the metal maturation of a crude oil. For
example, the oil from the Leduc reefs in Alberta has a metal content of roughly
1 ppm, and the age of the reefs is about 250 million years, Assuming that the
age of the oli is somewhat greater than that of the reef —say 300 million years—
the temperature required for the metal maturation would be in the range 121°—
152°C., and probably nearer the higher value. With Pembina oil, assuming an
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age of 100 million years, a tempevature range of 128°-157°C. s indicated. If the
Pembina oil were 300 million years old, the temperature range would be much
the same as for the Leduc oil. Conversely, if the temperature had been only
100°C., the time required for the metal maturation would have been at least
10,000 million years, which is roughly twice the age of the earth,

It is difficult to say what the temperatures of the reservoir rocks were during
the millions of years when maturation of crude oils was in progress, Several in-
vestigators have found that there is evidence to support high reservoir tempera-
tures, onc of the most recent groups being Mironov ef al, (r9535) which reported
equilibrium temperatures of around 170°C. for 32 petroleums in the United
States and the U.5.S.R. On the other hand, present-day reservoir temperatures

Tasri VI, Sussvrracek Ty

ATURES IN Arsrrra, Cavapa?

S.8T.=8.T, A..;ﬁ,,o,_.‘.v-I.M“wk.ﬁ.._ﬁ,,m&__zx%.__; h :i\w
Ol Field Zone

Redwater X
Pembina iver 10
Pembing Cardium 54
Joarcam 10
Turner Valley Madison 0
Leduc Woodbend Lower Cretaceous 54
North Woodbend Lower Cretaccous 57
West Devon Lower Cretaceous 02
West Devon 03

Oy
Bonnie Glen Leduc S

* Data obtained through courtesy of Peteoleum and Natural Gas Conserva Board of Alberta,

in western Canada are much lower, as shown in Table VI where all (he remperi-
tures are below 100°C. Until further biformation is obtained 1o clarify this point
about reservoir temperatures, it is necessary Lo conclude that reservoir tempera-
tures are two low to attribute the metal maturation of the erude oils 16 thermal
action. And if the metal reduction rates are too slow 1o account for the : pparent
loss of metals from crude ails, it can be concluded also that the change in metals
ratio can not be attributed to thermal action.

FEEFIECT OF HEAT ON PORPHYRINS

It has been reasonably well established that at least some of the vanadium
and nickel content of a crude oil exists in metal-organic complexes known as
porphyrins. Evidence for this type of structure for the MedMurray oil has been
given by Scott ef al. (1954) and Montgomery (1953). Nickel and vanadium com-
plexes have been described by Dunning ¢/ «f. (1936) for an Oklahoma crude oil.
Although most investigators have reported that crude oils do not contain enough
porphyrin to accommodate all the vanadium and all the nickel present in the oil,
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Buach ef al. {1956) believe that this is because some of the porphyrin is obscured
by high molecuiar weight components of the oil that are very closely associated
with the porphyrin structure. It is possible also that the procedures used for
determining total co:::.?: (Treibs, 1936; Groennings, 1953) are not entirely
satisfactory, cither because not all the porphyrin is recovered, or because the
extinction coeflicients are not known precisely. Indications from the present
investigation of the McMurray oil are that there is enough porphyrin present to
account for less than 1o per cent of the vanadium.

To gain a better understanding of the relation between the metals and the
porphyrin material in crude oil, and also to gain a better understanding of the

thermal history of crude oil, the fate of porphyrin metal complexes during thermal

maturation was investigated.

Samples of oil from the rocking bomb study were subjected to porphyrin
aggregate determination as laid down by Groennings (1953). The drocedure was
altered somewhat by the use of cyclohexane instead of chloroform for the final
solutions to prevent ruther rapid decomposition of the norphyrin. The absorption
spectrum of the porphyrin aggregate was measured with a Hilger spectrophotom-
cter. The four peak heights -at about 615, 523, and 494 mu-—were meas-

5

TasLr VIE Rate CONSTANTS FOR REMOvVAL OF POkPHYRIN IN RockiNG BoMB THERMAL
JEGRADATION 0¥ McMURRAY CrUDE O11,

Time ky
(hr) (fr.7Y)
42.0 0.0174
02.3 0.0234
63.0 0.0241
88.0 ©0.0207
152.5 0.0105
Average 0.0204

12,2 o.115
19.0 ©.001
23.0 0.104
47.0 0,088

Average ©.094
©.423
0.061

0.443
©.307

408

-
[SEZI
W~ 0w

Average ©.430

v

-
<
=

1.68

w o =
© om

Average 1.55

Activation energy: 52.5 Kcal./mole
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ured by the baseline technique, and the ratio of the “reacted 1o “original” peak
heights, averaged for the four peaks, was used as the /% value in the stendard
first-order rate reaction expression. For this purpose Beer's faw for dilution of
colored solution was assumed to hold; previous work hid shown this o be sound.
It is of importance to note that these caleulations were completely independent
of any extinction coefficient data. The reacted porphyrin was compared directly
with the original unreacted porphyrin content.

The data obtained for the decomposition of the porphyrin metal complexes
appeared to follow a first-order reaction system as did the data for the two metals.
These data, shown in Table VII, indicate that at the three lower temperatures,
the porphyrin metal complexes were destroyed in the off at a rate distinctly
higher than the rate of removal of the metals. The temperature dependence of
the porphyrin reaction was somewhat lower, with a value of about 52 Keal,, mole
for the activation energy? as compared with the value of about 38 Keul./mole for

¢ This value agrees reasonably well with the 53.3 Keal, per mole determined by Monigomery

(1953) for the degradation of ::.. porphyrin in the :n/T:ﬁE oilin the presence of the reservoir sand
aggregate.
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the two metals. The significance of this observation is that at still lower tempera- , The porphyrin concentration is reported in arbitrary units since considerable
tures. that is, geological temperatures, the porphyrin destriction rates would doubt exists regarding the extinction coefficient which should rc :.f.n; Lo convert
be expected to be very much greater than the metal removal rates. Thus, if o peak heights to absolute concentration terms. The line sketched through the
theemal action were the controlling factor in the maturation of crude oils, matur- point for McMurray oil represents the path that would be followed if the MeMur-
g crude oiis should have sharply decrcasing values for the porphyrin-to-metal ruy oil mutured with identical porphyrin nnd metal rates, produecing a copstant : .
A —— ~ravios-And-an-oil-which-has-heem matured very extensively shoutd have virtuaty o e ch%yvﬁz-g vanadium ratio throughout the E,Zsm,:_c: Figure 3 shows the
no porphyrin metal complexes, although it could still have an appreciable metal relation between porphyrin and nickel for the same oils, and again the line shows
content. the path for a constant porphyrin-to-metal ratio.
PORPHYRINS IN CRUDE OILS It is obvious that the relations shown in Figures 2 and 3 o not agree with

the predictions of the thermal reactions hecause there has not been in geological
time the marked fall-off in the porphyrin-to-metal ratio that has been indicated
by the measured rates. Also, this observation indicates that thermal action can
not be regarded as responsible for what appears 1o have happened in nature, 1t is
very important to note further that it is not a question of an environment that

‘Thirteen crude oils were examined for porphyrin content. They represent
eight producing formations widely scattered over the westera Canadian plains,
and they are described in sore detail by Hodgson (1954).

The relation between porphyrin‘and vanadium content is shown in Figure 2.

! T T MRS was not quite warm enough to bring about the observed changes in the oil; rather
1000 - ~ it is a matter of an environment that could not account for the changes at any
@ ! : temperatures below about 400°C
z ; ]
e’ ' Mc,MURRAY (D) - CONCLUSIONS
& ,, 1 Thermal action in oil-field rocks appears to have little or no significance in
< . . - . pay N . . 5
2 _ the maturation of a crude oil. This is indicated by two observations: (1) the
AN CONRBD 4 — . . . . .
2 ® O VERM. LION measured rates of removal of vanadium and nickel from crude oil at present-day
< : BANTRY reservoir temperatures are much too low to have achieved any appreciable metals
' CAMPBELL
' , ® , removal; and (2) the measured rates of porphyrin destruction and metals removal
z HALMO (o3 o owaTER , are so different at all environmental temperatures below about 400°C, that the
o -~ DORPHYRIN observed constant porphyrin-to-metal ratios can not he explained by thermal
- = - :
< NICKEL = CONSTANT action alone.
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ENVIRONMENTAL STUDIES OF CARBONIFEROUS SEDINENTS
PART I: GEOCHEMICAL CRITERIA FOR DIFFERENTIANTING
MARINE FROM FRESH-WATER SHATLES!

E. T DEGENS, 2. Go WILLTAMS, axn M. L. KEI'TH:
University Park, Pennsylvania

ABSTRACT

Investigation shows that Lrace-clement assemblages andd cly-mineral mtios are in wonme respeets
characteristic of the environment of deposition of shales, Boron and rubidium sre more a1, it in
a4 group of marine shales than in g group of fresh-water shules of Pennsylvinian age, wherens gatlium
is more abundant in the fresh-water group, Nickel and vanadium are concentrated in the orpanie
fraction of the marine shales whereas lead, zine, copper, and tin are more highly concentrated in the
organic fraction of the fresh-water shales, In the region studied it app possible to diferentiate
marine shales from fresh-water shales by quantitative spectrographic determination of boron, sallium,
and rubidium.

INTRODUCPTION

Environmental studies of sediments are used for paleogeogeaphic recon-
structions which are: finding increasing application in petroleum geology, The
purpose of the present investigation was to determine to what extent marine,
brackish- and fresh-water shales can be differentiated by chemical and petro-
graphic techniques. The Pennsylvanian strata of the Appalachian coal usin in
Pennsylvania provide exceptional vpportuniiics for environmental studies he-
cuuse of the alternation of marine and fresh-watrer sediments,

The investigation involved 2 study of the trace elements and clay mineralogy
of 75 shale samples collected from the Allegheny cyveles of the northern part of
the Appalachian coal basin, All samples were analyzed for horon, gallium, and
cubidium; 59 were examined by x-ray diffraction for llire, kaolinite, and ¢hlo-
rite; 33 were analyzed for the common truce clements; and 10 for the ¢ ee-clement
content of the ash of organic material mechanically separated from he shatles,
Sandstones, underclays, limestones. and coals. the rocks associated with the
shales, were not analyzed but will receive attention in a forthcoming siudy.

PREVIOUS ENVIRONMENTAL INVESTIGATIONS

‘The occurrence of characteristic {ossils and the gross lithologic aspects of

sediment, have been and still are the principal methods of environmental inter-

pretation. More specific methods are based on indicator minerals such as alau-

conite and on clay-mineral ratios. The use of clay-mineral ratios was discussed in

detail by Millot (1952), Grim and Johns (1o54), Murray (19541, Keller (19509,
and others,

Geochemical methads have received increasing emphasis in recen years as a

" Contribution N¢ 56=78, Mineral Conservation Series Trom the College of Mineral Ine tNtries,

Pennsylvinia State Univers [y, Manuscript reccived, July 3, 1057,
. 2 The writers are indebted to H. L. Lovell for advice in the trace-clement determinations, o [, ¢,
O_.:E.:m_,m::_ow Youiig, and E. Q. Strah] for assistance in the statistical analysis of the dat

I
Comer kindly made an examination of organic materia! with the clectron microscope,
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sotopes (Silverman, 195i),

riliation of certain common end trace eleinents (Gold-
rrootogzoaand b; Landergren, 1943; Bradacs and Ernst, 1956;
s, 10305 Degens, 1957).

$ew

ARINIDAND NOX-MARINE INDICATORS

\

ntal indicator for marine or non-marine sediments should
bues vr markediv affected by salinity changes, (2) relatively widespread, {(3)
abundini enough to be detected and measured with a reasonable degree of pre-
cision, (47 formed or concentrated in the rock in which it is found, and (g) rela-

vounatfecied by post-depositional changes. The most critical indicators are

those whivh most neariy approach these requirements,

\ zood envirany

- main factors which influence the distribution of elements and clay min-
wsedimentary rock are us follows: (1) the kinds and proportions of clay
niinerads in the source rocks, (2 climatic conditions and consequent soil types in
source area, (35 selective sorting during transportz tion and deposition, (4)
seicvtive wlsarption of elements on clays and other colloids, (5) use of clements
i the dife eyele of plants and animals, and (6) formation of new minerals in the
husin of deposition,

The fast three factors are partly dependent on 85:,@«:59 pressure, salinity,
BHLwnd redox potential in the basin of deposition and :herefore are most likely

to result in useful differences hetween rocks formed in different environments.

GENERAL STRATIGRAPHY

The Pennsylvanian rocks of the northeastern part of the Eastern bituminous
coual basin consist predominantly of sandstones, silistones, silty shales, and less
amounts of coal, clay, limestone, and clay shale. The saccession exhibits cyclic
characteristics but 1o less extent than the typical Illinois cyclothems. The sam-
ples for this study were largely obtained from the Allegheny scries of the first four
coal basins west of the Allegheny escarpment in Clearfield and Jefferson counties,
Structural features and sampling localities are shown in Figure 1. Table I is an
index 1o the sampling localities. T'he stratigraphy and paleontology of the Al-
‘rheny series in Clearlield County are based on the work of Williams (1937),
and that of the Brookville basin on the work of Ferm (1948, 1057).

Atypical Allegheny eycle of the Clearfield basin is show.1 in Figure 2. Mem-
_Eh.ﬁ L2, 3, and ¢ are the most persistent, whereas members 4, 5 6, and 7 are
..:::E sund can not be traced any great distance. Steut (1931) showed that there
s i progressive change in the character of Pennsylvanian cycles in Ohio from
narine 4t the base 1o fresh water af the top. Ferm (1948) and Williams (1957)
showed a similar sequence of changes in the Allegheny ser.es of the wnocri:o and
Ulearhicld basins, respectively,

In the present investigation, samples were collected from members 2 and 3
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F1¢. r.—Sample locations in Pennsylvi

of the upper Clarion, lower Kittunning, and upper Freepor: cye
bers consist of dark gray to black, tissile, coneretion-bieuri
only ones which consistently conain fossils. No samples were

an oulerop iared of wesiern Pen

other member in the cycle. The environmental interpreiations of
bodies (Fig. 3) are based lurgely on the paleontological invesiuations of Williams

(x957). Alist of fossils from the clay shales of these eyveles is presented

Loc.

Shale
Member

N =

[ I

o0&

[N

13

CUp. Freeport
Low. Kittanning
Up. Freeport
Low. Kittanning
Low. Kittanning
Up. Freeport
Low, Kittunning
Up. Clarion
Low, Kittanning
Low. Kittanning
Low. Kittanning
Up. Freeport
Low. Kittianning

Lneiron-
mental
(irvas

[resk

Braciish

Fresk

Brackish

Brackish

—..7.1_.

Muriwe

Mariae

Mariwe

Mariwe

Mariae

Iiresk

Marie

Tanee I, INDEX TO SAMPLING LOCALITIES Niow N 1N

'

Low, Kittanning
Low. Kittanning
Low. Kittanning

Fonziron-
mealal
Cronp

drackish
drackish
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LITHOLOGIC DESCRIPTIONS

SiL

CLAY, PLASTIC LIONT GRAY 10 BROWN,
MASSIVE

CLAY, LIGHY TO MEDIUM SRAY, SILTY
IN LOWER PART

SANDSTONE ,FINE- TO MEDIUM-GRAIN
LIGHY GRAY TO BROWN AND GREEN—

1SH GRAY, IN PLACES CROULS- BEDDED
GRADES UP INTQ SILTSTONE.

s & OLIVE DRA® AND SLUISH GRAY, VERY

SHALE,SANDY MEDIUM DARI. GRAY TO

MICACEOUS AND CARBONAIEOQUS, |~
2" BEODED

SHALE ,FINELY TO COARSE.Y SILTY,
MEDIUM TO DARK GRAY, FAINTLY TO
STRONGLY LAMINATED, FINI MICA ANG
ORGANIC MATTER ON BEDLING SUR-
FACES ’

s q BLACK FISSILE TO PLATY, WITH SID-—

SHALE, CLAYEY,DARK GRAY TO GRAY

ERITL CONCRETIONS AND :BANDS

L T EISILE,

2 | ) ISHALE BLACK.PYRITIC, CARSINACEOUS.

COAL, PERSISTANT !

CLAY

Fresh-water Shole

Brucaish-woter Snaie

rowt Giaie
Marine Shele
G TS e
FORBUNG HHUNKVILLE PUNASUTANNEY CLYARFILL O
! T P LTI Lo
i | U.FRECPORT COAL
: :
; LFRCLPOAT COAL
i ) i
P } U.LITTANNING COAL
. gl m
; ' »
3 w
S e MUOKITTANNING COAL
t i w
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ol x, .‘...-,.Mn;ﬁ&r Um.w‘.«> ,,/r., ///4.: LeXITTANNING CUAL »M

Fra. 5 Diagram of shale members sampled and their environm ental distribution.

UL CLARION COAL

i
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Tanre 1L TFosstLs FOUND 1N Urrrk CLARION, LOWER KITFANNING, AND
UPPER FREEPORT SIALE MEMBERS

Upper Clarion Cycle Loweer Kittlanning Cycle U pper Freeport Cyelre
" (Marine) (&farine and Brackish) (Fresis;
Composita subtilata Brackish rig
Marginifera niuricala Lineula lrmniscata Carbonicuda .
Dunbarella rectalaterarea Qrbicwloidea missouriensis Lo pidadern sp.
Mesolobus mesolobus Marine
Croneling 3p, Mesalohus meselobus
Cephalopeda sp. Marginijera muricata
Psendorthoceras sp. \.?%:i:&u; prafienicnns
Peclen sp, Dunbuarellis sohitei
Gastropada sp, Lingula sp.
Orbicrdoided mixsouriensis

PETROGRAPHY OF SHALES

Megasropic descriptions will be presented together with other information in
a separate paper, Ten samples were studied in thin scction by use of 4 1200X
oil-immersion lens and a combination transmitting and reflecting microscope,

are shown in Table ITL The total amount of clay ranges from 73 1o 8y per cent

Pyrite is very finely divided, ranges from o to 1o per cent, and is fess

size from 2 microns to.about & _microns. The organic cont=nt rangzes from 1.7 to

11.8 per cent. Electron micrographs show that the organic fraction in marine

shales is finely dispersed throughout the cla

whereas in the 1re

wiler s

y

TanLe [T, Perrocrarine Dava vor Sove TYPICAL ALLEGIINY SHALE S i

Cydle Quartz

Mica Muatric  Opagues  Pyrive Miw, Qg P franment
Brookville 0.7 0.2 1 o o1 0. ,
Brookville 51 .2 4 o o o .
L. Kittanning K. 0.2 1 0.2 o o Ty
L. Kittanning a4 ] % o 1. oo 15 n
M. Kittabning 003 0.8 Bo. 1 oot (o 3.1 O
U, Kittanning 5.1 0.1 R 0.2 o1 ” i
L. Freeport 13.8 5.2 41,0 o 0.8 P N
L. Freeport h.0 0.4 Xg. 0 0.1 0.2 o A
U. Freeport 7.2 o O G4 o2
U. Freeport 17,5 1.0 7%.8 o o o

1
i
V
¢

3

both finely dispersed and large fragments are found. In general, the marine shales
are darker in color than the fresh-water ones, a feature which may be due to the
size and the distribution of the organic matter, more than to the total amount,

METHODS OF ANALYSIS

A. Preparation of sumples.—A flow diagram showing the steps in sample preparation is given in
Figure 4. Most of the mechanical operations are seif-evident but the separation of oryg {riuction and
clays requires some explanation, The sample was ground to about 1o microns in a bali mill, fr was
found that this was the optimum size for efficient separation. After grinding, the organic material was
separated by froth flotation. To a water-suspension containing about o0 grims of the powdered
shale, 2 drops of mineral oil were added to act as a collector and 3 drops of pine oil as a frother.
The first float usually contained some cliey and this was separated by settling for 2q hours in water,
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Save Lount on
2040 g. Card
1
Crush in Zortar Uagascopic
to 1/4" picces Description
Crush to Crush to 40M
200 liesh in Yammermild
Trace Elenent rind to 104

Deternination in Ball 1411

Flotatio:

wou.#_wco
Quartz and m%nwna _

Clay
Trace
Mwavonmw_
Centrifuge at
1300 rpm for
4=1/2 min,

_Amk SEE_

Frc. 4.—Flow diagram for shale analysis,

The urganic fraction so oblained was ashed at 700"
on the asn,

B. Trace-element determination.~The trace-element analyses on raw sanples and on ash of the
orgame matter were made with a Jarrel Ash 21-foot Wadsworth spectrogiaph having a reciprocal
lincar dispersion of 5 A/mm. in the first order. Exposures were made with a logged stepped sector
Baving a step ratio of 1 to 1.583. Quantitative values were determined by . direct relationship be-
tweeis element concentration and recorded transmittance from the photographic plates, as measured
with u densitometer (Applied Res. Lab. Model). Exposure of a standard sample on each plate per-
mitted @ cheek on the calibration curves. The arrangerents used are shown in, Table TV,

A gruphite butfer was mixed in ratio 1:1 with cach shale sam le-except taose used for determina-
tion of gallium. As the CN lines interfere with the ar;2 A ::o,owume:B. it is necessary (o use only
the initial arcing; at this stage gallium and the alkalies are volatilized. To Lold down the CN lines,
H. Lovell (persona! communication) suggested using K H:PO, instead of graphite, The excitation was
constant for all unalyses, and high enough to completely volatilize the whole sample.

Two kinds of calibration curves were computed, one for shales, and one or the organic ash. The
LWO CUrves ire neg ry because the ash containg relatively less silica, move alumina, iron, and cal-
ctum than the raw sha sample, Detalls of the spectrographic method and the synthetic mixtures
used in the standards are givea in Tubles 1V and V.,

Ench of the mixtures was ground for 30 hours in 2 balt inill and then checked spectrographically

“o fter which trace elements were determined

N T

DIFFERENTIATING MARINE FROM FRESIU-WATER SITALES 2433

BB

TaBLE TV, DETAILS OF SpecTROGRAPHTC MiTnop ror Track-FLeye
(Slit width =20 mm.; slit height = 10.3 mm.; sample weiy

TRAMINATIOND.

Fxposiere

Fle ! Ordel Butfer 1 peres Forsinury Time
demen rder Ampere Fomsatsiong fn
Boron 2 5 mg. graphite s AR 120

(2406.778 A)

(2407.733 A)

Gallium 1 s mg. KILPQ, o KAy 1

(4172.056 A)
4032 A Interference with Mn

Rubidium 1 5 mg. graphite 6 0
(7047. Go AY yellow
(780.227 A) filter
Other trace clements N 1 5 myg. graphite S SAr 120
{center of camera= 3570 A)
TABLE V. MiXTUREN USED Ok PREPARATION OF SPEoTROGRADIIC STANhARDS
Stale Standard Orcanic A< Standard
e o, "
33
27
27
5
2
2 i
t B
1 A
100 100

for purity, Known amounts of the cler ents to be analyzed were mixed in varving praportions with
the synthetic mixtures and calibration cunves were constructed, . )

1n general, for this method, the error in csti mating the percentage of .:.E,:.: clements for the same
exposure, ranges from 30 1o 5o per cent, depending on the element. The error is larger in the anilyses
of ush, because of the variation in amount of ash. )

For cach of the elements boron, gallium, and rubidium, separiate exposures were nutde and this
allowed greater precision and reduced the ervor to less than 20 per cent. Table VI shows sampling and
experimental error. The pine oil and mineral oil used in froth flotation were analyzed spectrographi-
cally and found to be free of the trice clem ents which were measured. L )

C. Determination of clay minerals.—Aiter separiting the organic materia) from :.:. 16-migron
fraction, the residue was dispersed in distil e.water and NHOH s aaded to bring the pll to 10,
The dispersion was centrifuged to separate the clay fraction (<2 microns) and it was then sedimenterd
on glass slides following the method of Grim (1934). ] -

X-ray diffraction patterns were obtained with a high-angle Norcleo difiractometer, Reprosenta-
tive samples were run at 2° per minute in order to identify the clay mineruls preseat and 1o estimate
crystallinity, The slides were then run at o.¢°/min. ant the peiak arcas of selected cliyv-mineral reflee-
tions were measvred with a planimeter. Eleven of the samples were treated with ethylene glveol in
order to attempt to expand the rq4 A peaks.
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Pasre Vb, Trace-Eresexr Dary ror Brackism-Warer Sipaes (peand
P
LOCALITY Ag B Ba Be Co Cr Cu Ga Mn Mo Ni Pb Rb Sn Sr v Zn
{Shale Member)
Sample Number
Loc. 2
Low. Kittanning
56.-119 ND 130 500 9 ND 100 15 40 300 3 to 25 150 3 800 30 ND
56-121 ND 110 600 10 ND 70 80 3 300 ND 15 35 450 2 400 20 ND
56-124 ND 130 400 10 ND 170 50 9 250 ND 10 25 200 ND 300 20 ND
Loc. 4
Low, Kittanning
56-139 ND 100 660 20 10 90 70 20 500 ND 20 30 300 2 700 40 ND
56-141 ND 130 600 15 16 70 30 2 500 ND 25 10 150 2 +00 40 ND
56-144 ND 70 500 7 10 40 50 2 800 ND 10 10 200 2 400 30 ND
Loc. 5
Low. Kittanning
56-148 ND 80 600 20 ND 70 80 25 400 ND 40 35 60 15 600 €0 ND
{1} {80} ra00) 118} (103 (50} :{300) . {200) (ND) _ (35) _ (30} (150) ({20) (400) _(80) ND
56-149 ND 140 500 20 ND 40 80 45 350 ND 30 30 150 5 500 40 ND
2) (400) [15) (10) (70)  (900) {350) (2) (30) (40) (80) (400) (60) 1500
56-150 "ND 130 700 10 ND 70 80 4 600 ND 30 ND 300 8 500 30 ND
56-153 ND 45 500 10 10 70 100 [ 2000 ND 40 70 70 15 500 50 ND
56-158& ND 80 500 7 ND 50 100 25 250 ND. 5 40 150 30 400 20 ND
{4) 160) (600) {15) {30) {70) (200Q) 200 (3) _ {40) [50) {200) (50) {400)  {60) ND
- — . - e - SN S
TagLe ViIc. TRACE-ELEMENT DATA FOR MARINE SHALES (PPM)
LOCALITY Ag B Ba Be Co Cr Cu Ga . Mn Mo Ni Pb Rb Sn Sr v Zua
{Shale Member)
Sample Number
Loc. 7
Low. Kittanning
56-287 ND 120 300 i5 10 100 70 40 1500 100 30 250 5 400 70 ND
56-289 ND 90 600 ? 26 60 80O 9 4000 ND 80 40 90 3 600 50 ND ’
L
56-291 ND 70 400 10 =D 80 70 15 3500 4 70 40 too 5 400 S0 ND
(2y (70} (400) (10) {20} (70) = (150} {2500) {6) (150) (40) (100) (N {300) (150) (400}
56-294 ND S0 300 10 ND 80 60 2 250 4 60 50 70 5 600 40 ND 1
56-296 ND 90 500 9 ND 40 60 P4 200 ND 20 40 150 3 500 20 ND ‘
Loc. 8
Up. Clarion
56-297 ND 70 400 4 40 10 50 3 3c0o ND 50 40 too 3 400 40 ND
(8) (300) (10) (20) (60) (100) (2000) (2)_(100) (50) (5) (300) (150)  (300)
56-299 ND 140 500 [ ND 50 30 7 600 ND 50 4G 300 2 400 50 ND
{ND} (400) (10} (ND) (80) (150) (700) (ND) (73) {40) (5} (400) (100) (500}
56-302 ND 150 300 9 ND 40 80 2 250 ND 40 30 400 2 300 30 250
(2) 250 {10} (40) (60) ({800) {200) {5) {80} (150) {10) (200) (200) (1000)
Loc. 13
l.ow. Kittanning
56-317 ND 150 500 HY ND 70 120 6 350 ND 20 25 350 3 400 50 ND
56-318 ND 130 600 10 10 70 80 ND 1500 4 40 40 350 2 500 60 ND
£6-319 ND 140 500 8 ND SO 50 7 500 ND 30 15 500 z 400 30 ND
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It was found, as shown in Figure 6 and Table VIII, that certain elements
are selectively enriched in the ash of the organic matter of ten shale samples.
These elements are Ag, Co, Cu, Ni, Pb, Sn, V, Zn, and Mo. The remaining ele-
ments investigated show no tendency to be concentrated in the ash. The organic
material from two marine samples was analyzed by x-ray fluorescence for iodine,
with regative results.

ELEMENTS ENKICHED IN ORGANIC FRACTION OF SHALES

.§ nl:m Stales

TasLe VIII

\i.é Water (:i&

TU pu—
) -= ) Ni
Sn* Sn
Cu* Cu
Zn* Zn
Ag >n
Co Co
Ao Mo
v v*

* Very high abundance SLE..

The amount of organic matter is not appreciably different in shales of the two
environmental groups. However, some larger fragments cf organic matter occur
in the fresh-water shales, whereas the organic material is finely dispersed with

the clay in the marine shales. This condition is reflected in the ease with which
the organic fraction can be separated by froth flotation; more complete separa-
tion was obtained with fresh-water shales.

The observed variations in trace-element content of the organic matter of
marine and fresh-water shales may be due to: (1) variations in ultimate avail-
ability, that is, variations in the trace elements in the environment, (2) variation
in the adsorptive capacity of different organic substances and in the adsorption
tendency of different elements, and (3) post-depositional solution and asdorption.

In attempting to evaluate these factors, the work of Krauskopf (1956) is
especially interesting. He found by experiment a difference in element adsorption
cut moss (representing organic matter of fresh water) and on marine plankton
uskopf found that Ph, Zn, and Cu were more concentrated in peat moss than
in .,”.,n plankton, The results of the present f:E% support his observation.

In attempting to use trace elements in organic matter as environmental
indicators, allowance must be made for possible error due to the presence of
reworked organic material. The organic matter in shales direcily above a coal
bed may represent in part material derived from the uncerlying coal. Another
difficulty in using such methods in shales which overlic coal beds, is that post-
depositional effects of gases and acids escaping from the coal may leach or pre-
cipitate some elements and minerals, Evidence that such conditions may have
occurred has been found in the composition of siderite concretions occurring in
marine shales 2-4 feet above the coal. Some of these concretions contain rela-

t
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tively high amounts of sphalerite and smaller amounts of galena and chalcopyrite.
The sphalerite contains largze amourts of cadmium and gallium (g5 ppmj.

In general, it would appear that with due precautions the trace-clement
analysis of organic marter might be valuable in environmental interpretations.

ANALYSES FOR BORON. GALLIUM, AND RUBIDIUM AND
ESTIMATION OF CLAY MINERALS

A. Discussion of resulls. - The results of 75 determinations of boron, rubi-
dium, and gallilum and 59 determinations of illite, kaolinite, and chlorite are
presented in Table IX and Figures 7--13. Statistical analyses of the data are shown
in Tables X, XI, and XII.

Table X shows that the mean values for the various measurements are different
in the environmental groups. Gallium decreases whereas boron, rubidium, and
the illite:kaolinite ratio increase in mean value from fresh-water to brackish to
marine shales. Because the standard deviations are relatively large, complete
confidence can not be placed in mean differences which are not pronounced,
Therefore statistical tests were run to determine the significance of mean dif-
ferences. In cases where parametric tests were not appropriate, non-parametric
tests were run-for differences in cenrral tendency. In order to show the relation-
ship between the various measurements, correlation and regressions analyses
were also made,

Boron shows the greatest mean difference hetween the various environments.
The “4” value calculated for the fresh- water and marine shales is significant at the
1 per cent level, However, because the variances are heterogencous, the gallium
and rubidium -means could not be compared by the “/” test. By use of the
Kolmogorov-Smirnov non-parametric test (Siegel, 1956) for differences in central
tendencies, gallium and rubidium were found to be significantly different in
fresh-water and matrine shales {Table XT), and boron was found to be signifi-
cantly different in fresh-water and brackish-water shales. None of the ciements
measured shows a significant difference between brackish-water shales and marine
shales.

The three clay minerals identified in the shales are illite, kaolinite, and
chlorite. These minerals were identitied principally by their first-order basal
reflections. ‘The oot reflection of illite most commonly occurred at 10.1 A but
some marine samples gave a 10.4 A reflection, which probably indicates an in-
terlayered structure.* The illite peaks are broader and more asymmetrical in
marine shales than in fresh-water ones and the higher spacing for illite is con-
fined to the marine shales, although not all marine samples showed this,

The first order basal kaolinite reflection was found at 7.2 A for almost all
samples. The number of higher order reflections would indicate it is a poorly
crystallized variety. Chlorite was identified in almost all samples by the 14.5 A

* Some glauconite may be present; it is not distinguishable from magnes te by x-ray diffrac-

tion,




TaBLE IXNa. Tack-Errxasyr axp CLAY-MINERAL Data FOR FRusH-WATER SHALES (PrM)
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LOCALITY S Ga Rb B:Ga 111ite /Kaolinite
{Saale Mermber]
Sample Number
L. i
Lo, Freepon
Soe10s 5 40 70 1.8 €. 49 0.56
56-104 45 7 40 6,4 ¢.84
ho-110 35 15 60 2.3
So-t1t 35 10 %0 0.9 0.76
So-114 45 35 100 1.3 0,96 0.98
Suettd 26 25 50 0.8 0.69 0.76
Lu-1t5 S0 3 ie0 16,6 1.60
EITRARY 10 7 40 5.7 1.23 1. 10
Loc. 3
Up. Freeporty
[ : 5 40 4.0
Su- 15 3 10 5.0 87
ae- 2 o 2 2.2 80
Sue o0 20 100 3.0
St ) 7 300 2.1 1 62
G- 20 7 {50 2.9 098 0,76
se. 49 15 250 2.7 1. 69
Se- S0 55 100 0.9 1. 49
PRIV, Y
Up. Freepoury
S5u-159 45 15 300 30 0,91
Su-16d s 4 150 7.5 1.85%
Sne it 5 20 100 c.3
Su-t16d o 15 150 1.3 1.79
feated 100 15 150 6,7 1.50
Loc. 12
Up. Freeport
Ge,-314 130 8 250 16.3 2,16
Kepl. 110 6 200 18,3 2.16
S6.315 110 20 150 5.5 1,85
So-316 70 35 100 2.0
Lec. 17T
Up. Freeport
S%- 357 30 4 200 7.5 1.97
Loc. 18
Up. Freeport
56358 20 3% 250 0.6 1.91
lLoc. 1w
Up. Freeport
Ap-35¢ s 30 60 2 0. u4
0
Up. Freeport
56-360 40 7 150 5.7 1.05
Loc. 2t
Cp. Freeport
56.361 35 o 350 3.6 1.338
Loc. 22
Vm. Freepore
hoa3b2 15 2 106 7.5 1.17

T et
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Tapry IXb, TRACE-ELEMENT AND CLAY-MINERAL DATA YOR BRACKISI-WATER S1ALES (rew)

LOCALIT <) Ga b B:Ga 1Mite /Kaolinite
{Shale Membher)
Sample Number s
Loc., {0
L, Kittanning
56-119 130 40 150 3 L4t
56-121 110 3 450 7 P
56-124 130 9 200 14,4 HAE )
Loc. 80
L. Kittanning
56-139 100 20 302 5,0 1,69
S6~142 130 2 159 05,0 1,53
S6e144 70 2 209 35.0 v
Loc., 86
L. Kittanning
She144 &0 25 (D) 3.4 R
56-149 140 45 150 3.4 Q.91
56-150 130 4 300 2.2 1.07
56-153 45 6 79 7.5 1.0t k
56156 &0 25 150 3.2 1.07 124
56-151 £10
Loe. 24
L. Kittanning
56-363 8Q 7 150 IR .
56-364 80 .9 250 6.9 fone
Lot. 23
L. Kittanning
56~365 35 3 150 7 1o
Loc, &5
L. Kittanning
" 56-366 45 15 60 3.0 0,92

basal reflection. Eleven samples treated with ethylene glycol did not show ex-
pansion of this peak. The chlorite cor peak is so small in the samples studicd that
the ooz reflection which coincides with the oor reflection of kuaolinite can be
neglected.

The peak areas, rather than peak heights, were used to estimate the relative
changes in clay-mineral proportions, because peak arcas, especially for illite, are
less likely to be influenced by changes in crystallinity and grain size or by in-
sirument variation. In most cases the increase in illite: kaolinite ratios involves a
broadening of the illite peak as well as an increase in peak height. Tt is therefore
difficult to say exactly what the increase in illite/kaolinite peak arca ratio means;
certainly grain size and crystallinity are factors ax well us composition of the
clay fraction. In the following discussions of the illite/kuolinite aren ratios, the
term area, for convenience, is dropped.

Table X shows that the mean values for the lite:kaolinite ratio increase irom
fresh-water to marine shales, However, the variances are so large that the means
could not be compared by parametric tests. The Kolmogorov-Smirnov test
showed a difference in central tendency at the § per cent level between fresh-wauter
and marine shales.
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RAL Data FOR MARINE SHALES (PPM)

b Ko {llite, Kaolinite
N 250 {02 1.72
n 100
“ ) HON f.14
a 450 t 47
i toc 0 s7 0.ug
S i B 100 1.57
Heelad 0 1,75 1.75
LTS o K 150 1.42 1,35
100 ARt t00 10 1,99
150 ™ 70 10 1.77
M 250 75.0 3. 48
M 3 350 40.6 3 40 3.40
G 3 300 L0.7 1.08
130 2 150 5.0
Loc, 3
Vp. Clarion
56297 70 A 100 23.3 2.2 2.20
50-29¢ 140 7 300 20.0 1.96 1.99
e~ 300 90 4 300 L2,5
50-301 150 7 300 21,4 HE)
56-302 150 3 400 8.8 1.26 1.40
56-305 o0 3 300 0.0
woc, 1o
Up. Clanien
56-367 170 # 550 213 2,20 L 65
T, 13
L. Kitten: .
56.347 150 [3 350 25,0
Se-3la 130 ND 350 65,0
St-31% 140 7 500 20,0
Loc. 4
po IR 8
n6-32G ©0 4 300 22.%
See321 130 15 300 8.7
Sr-322 120 10 400 12
o, 15
L. Kattanrung
S6-323 140 4 450 25,0 3,36
S6-324 120 4 200 60,0 1.87
56-325 160 10 600 16.0 1,91
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TasLe XT, SIGNIFICANCE VAL (D*) ror KoLMocorov-Sxirxov Th
(Non-Parametric)

N= 30 N=rss
Fresh vs, Muarine Frestvs, Brackish

Boron 23"
Rubidium 4™
Gallium 2™
Tlite
e e NS NS S
Kaoinite N N N

P

=The Kolmogorov-Smirnov test (Siegel, 1950) s a
ench set of nbservations, using the same intervals for both
esponding pair.of cumulative ste
** =gignificant at the 1% level,
NS =not sigaificant at the 1% level.

the maxim

are affected

B. Correlations.—The proportions of clay minerals in @ sediment
by factors other than salinity and cation availability, namely, by variations in
source material and climate. Therefore, it is necessary to evaluate the relation-
ship between the elements and the amounts of the diffecent clay minerals. Correla-
tion and regression coefficients were calculated for B, Ga, and Rb against the
illite:kaolinite ratio, chosen as independent variable, The rel
these elements and the clay minerals are shown in Figures 7-13. Regression and
correlation coefficients are presented in Table XTI

Figure 8 shows the relationship between horon and the illiter kaolinite ratio.
For all 59 samples the correlation coefficient 7" is siygnificant al the x per cent
level, although only 25 per cent of the variation in boron can be explained by the
variation in illitekaolinite ratio. No significant correlation was obtained between
boron and illite:kaolinite in any of the separaie environmental groups. The upper
part of the graph contains most of the marine and brackish samples, the lower
part all but three of the fresh-water samples.

Figure 7 shows the significant pesitive corrclation between rubidinm and the
illite: kaolinite ratio. The “r” value for all 30 samples and for the fresh-water
samples is significant at the 1 per cent level. It iy obviour that no physical sub-
division can be made between marine and Iresh-water samples on the busis of
this particular graph.

The graph of the relationship between gallium and the
is shown in Figure g. The correlation coefficient is negative and significant at
the 1 per cent level. As in the case of Figure 7, no physical separation is possible,

The graphs of the relationships of three clements to each other {Figs, 1o-12)
show that only boron and rubidium are correlated. The boren: rubidium correle-
tion in marine samples is significant at the 1 per cent level but there is no sig-
nificant correlation between boron and rubidium in fresh-water samples. Figure
11 provides a good separation of marine and fresh-water samples,

In order better to see the relationship between the three clements and the
illite: kaolinite ratio, a triangular diagram was constructed (Fig. 13). The Ga,

ionships among

Hie:kaolinite ratio

by ot s iy
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B, and Rb values were recalculited to 100 percent (after the gallium values had
been multiplied by 10). The diagram illustrates thay the fresh-water and marine
samples can be physi cally. grouped on the husis of the trace clements so (hat
from 6o samples only three marine samples overlap the fresh-water azroup and
one fresh-water sample falls in with the marine group. The bLrackish-water
samples are about equally divided-in both groups,

The mean values of the illite:kaolinite ratjo a1 different pointsin the diagram
were calculated by using a mask with a “window” outlining a hexagonal unig
arca centered at each point and of a size chosen to represent o change of -+ 10
per cent in the amount of each chemical element represented. The mean of 4)
values within the unit area was recorded at cach central point and the means
were then contoured on the triangular diagram. The diagram shows the higher
illite:kaolinite ratio of most marine samples and itlustrates the relationships
of that ratiy to the abundance of the trace elements,

C. Inlerpretations Tt iy to be emphasized (hat although the correlutions
between B, Ga, and Rb respectively and the illite: kaolinite riaiio are statistically
significant, *r*" which expresses the degree of association is at 4 maximum oniy
3o per cent. The remaining 70 Per cent or more of the variation can be explained
in part by experimental errors and by differences in availability of clements in
the different environments, The positive corrclation hetween rubidium and the
illite:kaolinite ratio in fresh-water shales probably is due mainly 1o its selective
incorporation in layer-lattice minerals of the rocks and soils of the source area,
The rubidium jon is only slightly larger than potassium and can substitute for
potassium in interlayer positions of minerals such as micas, montmorillonie
and illite. There is no structuraj position for rubidium in kaolinite. It is therefore
postulated that the observed correlation hetween Rb and the illie kaolinite
rativ in fresh-water shales is mainly due to the rubidium being combined in
detrital illite and mica.

The positive correlation between bozon and the illite: kaolinite ratio may be
due in part to the formation of authigenic ilfite in the boron-rich environment
of the ocean. Tt has previously been observed that boron is precipitated or ad-
sorbed with argillaceous marine sediments (Goldschmidt and Peters, 1932;
Landergren, 1945). The depositional form of horon is not known; whether it s
adsorbed in some form or whether itis precipitated because of its use in the life
cycle of organisms, it is likely that the boron in shales goes into the formation
of tourmaline at an carly stage of aiagenesis or metamorphism. This tendency
of boron was pointed out by Goldschmidt (1934, . 284). A study of authigenic
tourmaline in sediments was made by Krynine (1946).

In order to obtain evidence regarding the form of combination of boren in
the shales, six finely ground shale samples were feached for 2 hours in concen-
trated HCI, then washed 4 times in digtilled water, centrifuged after each wash,
and finally dried at 140°C. Following this treatment, a redetermination of hor.n
was made on each sample. Results are shown in Table XIIIL. It is evident that
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Taser XTI CovpaiisoN o BoroN CONTENT OF SHALE SAMPLES
BEFoORE AND AFTER Avthy TREATMENT

Buron Conlent

Befure Trealment

After Treatment

Nample Number

(ppm)
30-108 bl 70
F0-111 35 40
301353 20 35
30-302 130 (50
30-324 110 4o

560-70\ 170 6o

Attie or no borou was removed by (ne acid treatment, and the boron must there-
fore be in a very insoluble form. The boron present would be equivalent to o.05-
@15 per cent tourmaline in fresh-water shales, 0.25-0.50 per cent tourmaline in
murine shales, ,

The size and charge of gailium make it a suitable deputy for aluminum, par-
ticulariy in six-fold coordinazion; therefore, a jositive relationship is to be ex-
pecied between galiium and aluminum and consequently, between gallium and

the amount of kzolinite ibecause of its higher aluminum content in comparison
with

THEORY OF GEXESIS OF CLAY MINERALS

The genesis of clay minerals is still a mauter of controversy, largely centered
o1 Lhe question as to whether clay minerals in sediments are authigenic or detrital.
Various aspects of this problem have been discussed by several authors (Miliot,
1¢32: Grimoand Johns, 1954; Keller, 1956; Correns and Engelhardt, 1939). The
evidence presented for the various theories is based mainly on stulies of modern
sediments.,

Possibly one of the difficultics is the rather loose definition of the terms authi-

d detrital. In this discussion authigenic clay minerals will be defined as

throse which are formed in the hasin of sedimentation from dissolved material or

amorphous material or which result from « change in the AL:Si ratio of pre-

existing minerals. Detrital clay minerals are defined as these brought from out-

side into the basin of sedimentation with Little or no accompanying change in the

AirSiratio, Thus a degraded illite (les _hed of some alkali) is regarded as detrital.

However, an illite formed from montmorillonite, by substitution of interlayer ions
and a change in the AL Si ratio i« regarded as authigenic.

The fact that Rb is correlated with the illite: kaolinite ratio in the fresh-water
samples but not in the marine ones suggests that muck of the illit in the fresh-
witer shules 1s of different origin than the bulk of the iilite in the marine shales.
Krynine 194¢: pointed out the occurrence of detrital illite in rock fragments and
wutiigenic illiee replacing guartz in the same samples of the ttird Bradford

i et
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sandstone, Sandstones which interfinger with marine shales, Included in the
present study, contain numerous illitic rock fragments. A third point of evidence
is that some of the marine shales contain illites with 10.4 A hasal reflections,
whercas the illite of fresh-water shalcs showed only a 10.r A reflection. This
means that some interlayering probably is present in the illite of the marine
shales; such illite may result in part from a chemical modification of montmoril-
lonite.

The presence of higher amounts of dissolved Si and Al in river and luke witer
as compared with the almost neligible values in sea water must mean that com-
pounds of Si and Al are precipitated when terrestrial waters reach the ocean. It is
suggested that authigenic illite is one of the principal new minerals formed and
that this results in the high illite:kaolinite ratio of the marine shales in com-
parison with the fresh-water shales in which both the illite and kaolinite prabably
are mainly detrital.

CONCLUSIONS

It is concluded that there is a relationship between the clay mineralogy of
the samples and the distribution of some trace elements; for diagnostic purposes
it would be desirable to develop more accurate methods of determining clay
mineral ratios. In extending the environmental studies to sandstones, the writers
propose to determine trace clements in the separated clay fraction.

In the region studied, it is possible to differentiate marine shales from iresh-
water shales by quantitative determiration of boron, gallium, and rubidium.
The boron content appears to he the most sensitive indicator of marine conditions
(Fig. 11), but it is preferable to use a number of variables, as is done in Figure 13,

Studies of the organic fraction of the shale samples show that lead, zinc,
copper, and tin are more highly concentrated in organic material of the fresh-
water shales than in the organic material of the marine shales. On the other hand,
nickel and vanadium are more strongly concentrated in the organic material of
the marine shales. The differences in concentration are potentially usetul for
differentiating marine and fresh-water shales, and are deserving of further in-
vestigation.

It is concluded that the trace-element assemblage in the untreated shale
samples and the assemblage in the scparated organic fraction reflect the chemistry
of the environment of sedimentation to an extent sufficient (o permit differentia-
tion ef the environments of ancient sedimentary rocks, It is emphasized, however,
that it may be misleading to attempt to use absolute abundance values of a
single clement as an indicator of the environment, because it has been shown
that trace-element distribution is controlled in part by the bulk mineral com-
position of the sediment, It is expected that the absolute abundance values of
trace elements in rocks in other areas may difier considerably from data given
in the present paper, because of differences in the rocks and climate of the source
areas. However, elemental abundance ratios may be found to show similar re-
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lationships to the hulk mineral composition. More work is needed in order to
test the general applicability of the suggested diagnostic methads to rocks of
other regions and of different #cologic age.

USE OF PROPOSED CRITERIA

In the present investigation it was Possible, by the use of known samples, to
test the significance of each variable as a criterion for differentiating marine and
fresh-water shales. It is not to be expected that criteria based on the abundance
data (for boron, rubidium, gallium, and clay minerals) or criteria based on the
graphs can be used directly by different laboratories for investigating samples
from different geographic and stratigraphic locations. The only criteria which
offer hope of general application without prior establishment of staridard dia-
«rams for each laboratory, ar¢ those criteria which depend on the presence or
absence of a significant statistical correlation between two variables, For ex-
ample, these resurs (Fig. 10) lead the writers to expect a significant positive
correlation between boron and rubidium in » group of marine samples, but no
significant correlation between boron and rubidium in a group of fresh-water
samplex. Conversely, they would expect a significant positive correlation beiween
rubidium content and the illite:kaolinite peak-arca ratio in g group of fresh-
water samples but notin a group of marine samples,

The advantage of this method of discrimination is (hat practical use of the
Titeria is thus freed from the effects of svstematic errors in the determination
of any one variable, If, for example, another laboratory were 10 5<cm:mw8 this
suite of sumples, using a method of %Riiﬁ.sm boron which M__RES_ boron
sbundance values twice g large as the writers’ then the data of that laboratory
could not be used in conjunction with the triangular diagram (Fiz. 13) to dif-
ferentiate marine from fresh-water shales, because the line of division would lie
at a different place, However, provided that sufficient sensitivity and precision
were attained. the difference in boron abundance data should not afiect the yse
of & “correlation criterion”; a significant positive correlation shoyld still be
found between horon and rubidivm in the marine samples and shauld serve to
differentiate them as a group from the group of fresh-warer samples.,

Use of & “correlation criterion,” as described, has the %mmmé._,z»wn. that a
large number of sumples is required from each stratigraphic unit, in comparison
witl the minimum number needed for a determination using a Em:m:_mn diagram
suct as Figure 13, in which four variables are combined, m

The writers propose 1o file the samples on which their spectrographic and
NIy measurements were made and they will try to provide small sub-samples to
interested investivators a1 laboratories which are set up to do quantitative
specirographic analysis,
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EFFECT OF OVERBURDEN AND RESERVOIR PRESSURE ON
ELECTRIC LOGGING FORMATION FACTOR!
I. FATT?
La Habra, California
ABSTRACT

Electricul resistunce of 21 brine-saturated reservoir sandstones was measured at various internal
and cxternal pressures. The resistance, and therefore the electric logging formation factor, increased
with increase in the difference between the external and internal pressure, The exponents and co-
efhicients in the Archie and Winsauer relations between formation factor and porosity were found to
be functions of this difference in pressure. For a given sandstone, formation factor increases more
rapidly with decrease in porosity during ~ompression than would be expected from the average line
through the formation factor versus porosity data for the 21 core samples.

INTRODUCTION

The ratio of the electrical resistivity of a brine-saturated porous rock to the
resisiivity of the brine is known among electric logging technologists as the for-
mation factor. Two empirical relations between formation factor, F, and frac-
tional porosity. ¢, have been proposed. Archic (1942) proposed the relation

F= g @)

where m is an empirically determined constant which supposedly only depends
upon the amount of cementing material between the sand grains. Winsauer
et al. (1952) proposed the relation
F = Co¢* (2)
where € and % are empirical constants. The Winsauer equation contains two
parameters and, therefore, is more easily adjusted to fit scattered data in natural
systems. These equations are used to estimate formation porosity from electric
log measurement. If the formation porosity is known from an independent meas-
urement, such as by core analysis or from a neutron log, the Archic or Winsauer
rcfations can be used to'estimate water saturation from the electric log formation
resistivity, For this purpose the foregoing formation factor rclations are com-
bined with a recond relation proposed by Archie to give
R, s R,

= 5T or e = G (3)

SR, Co R, >
where R, is true formation resistivity, R, is formation water resistivity, S is frac-
tionzi water saturation, and » is a constant (usually about 2.0).

"The Archie and Winsauer relations were established by laboratory measure-
ments on rock samples which were not subjected 1o the compression of the over-
burden and in which the fluid pressure was atmospheric instead of being typical
af rescrvoir pressure. No data have been published previously to show the rela-
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tion between porosity and formation factors when the rock is compressed by
overburden pressure and the fluid is above atmospheric pressure.

The effect of rock compression on porosity, permeability, and relative per-
meability has already been reported (Fatt, 1032, 1953; Wilson, 1036). Elec-
trical conductivity of a brine-saturated rock wouid be expected 1o be more sensi-
tive to compression than is porosity, but less sensitive than permeability. This
is because porosity is only a volume effect, whereas electrical conductivity and
permeability depend on the volume and shape of the pores. For an idealized,
cylindrical pore, permeability is proportional to the fourth power of the radius,
whereas electrical conductivity is proportional to the square of the radius. This
leads Lo greater sensitivity of permcability to small changes in pore radius.
Porosity has been previously shown (Fatt, 1953) (o decrease only 1- 3 per cent
of the porosity at no compression by application of 5,000 psi pressure. Perme-
ability, however, has been shown (Fatt, 1952, 1933) to be reduced by as much as
50 per cent by applying 5,000 psi overburden pressure. Increases b formation
factor resulting from application of 5,000 psi overburden pressure are then ex-
pected 1o range from zero to about 35 per cent.

When only downhole measured formation resistivities are used to estimate
water saturations, the error resulting from neglect of overburden effect will he
small, because this estimate is based on a comparison of resistivities of formations
and :.:E..w which are all under the pressure of the overburden. If, however, water
saturations are calculated from laboratery measured formation factors and
porosities, together with downhole measured resistivities, the G._.E.:,, mu._r.sr:E_
water saturation resulting from neglect of pressure effects may be significant.

The effect of overburden pressure on the coeflicients and exponents of the
Archic and Winsauer equations arc reported in this paper.

EXPERIMENTAL

Measurements were made on 2o sandstone cores and one synthetic u_:E:EE
oxide core. The geographical distribution of the mn::_mS‘:e mw,Bv_om was as jol-
lows: 7 from San Joaquin Valley, California; 3 from W est Texas; 7 ?o:,., the
Rocky Mountain area; 2 from the Gulf Coast area; and 1 from HVE:;.,,?“,:,_." .

The sandstone core samples were diamond-drilled to give plugs H.::: in
diameter and 2 inches long. After toluene cz_n_m:c:, and acuum ;JGF the
samples were saturated with sodium chloride brine. 2.5. v::m saturation :.u‘.f
done under a pressure of 5,000 psi to insure complete filling of all pore spaces.
For these measurements, the electrodes were gold-plated brass plugs, about 2
inches in diameter and 2 inches long. A diatomaceous earth paste was :.ﬂ.i 1o
make electrical contact to the rock. Formation factors were measured as a :.::,-
tion of salinity of the brine in the samples. Thesc 322.:0Ho2m were _;.c.e,j?.i
for calculation of the conductivity due to Q.En:wn::n solids in the :er v::.f in
turn, allowed calculation of the true formation tactor by ﬁ.:.c Eo:,.o; c.n : E:.:.a.e
and Wyllie (1950). After completing the measurements of formation factor as a
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functior of salinity at atmospheric pressure, the plugs were mounted in lucite in
4 manner such as 10 allow both electrical and fAuid connection while the plug was
under high pressure. The details of the mounting are shown in Figure 1. Before
mounting in lucite, the ends of the Plugs were painted with microcircuit silver
paint to insure contact between the rock and the lead disk which served as the

electrede. After saturation with brine, the mounted plugs were placed in a hy-

draulic pressure cell 10 give the arrangment shown in ‘igure 2. The fluid in the
Jerguson gauge above (he meniscus in the pipette was a white mineral oil.

N

. ‘Vlyl‘f LEAD ELECTRODES

kur-

ELECTRICAL CONTACT SCREW-—. S
(ORRLED QUT TO GIVE FLuic PATH} //,.

Fic. 1. —Diagrammatic sketch of core mounted for

formation factor nieasurements
under pressure,

All resistance measurements were made with an a-c wheatstone bridge operat-
ing 4t 1,000 ¢ps and accurate 1o about +1.0 per cent. The bridge circuit had
pProvisions for capacity and resistivity balance and was similar to that of Jones,
Mysels. and Juda (1940).

The reduction in electrical conductivity of g brine-saturated rock brought
about by compression is 4 result of a decrease in the pore sizes, This reduction
is smaller for rocks which have electrical conducting solids, assumed to be clay in
sandstones, in parallel witl, the electrolyte jn the pore spaces. To obtain the
change in conductivity of the rock during compression due to change in pore size
only, the constant conductivity of the clay must be subtracted from the total
conductivity at all pressures.

The assumption that corducting solids are
the pore spaces is not completely justifiable,
showed that for most reservoir sandstones,
conduction, is obeyed. This equation is

in paralle] with electrolytes in
However, Patnode and Wyllie
an equation, which assumes parallel

I
Q;.s”ﬁv.lTMw.Qm. AA.V
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where Cy is the measured conductivity of the eiectrolyte-saturated core, (g 1s
the conductivity due to conducti: solids in the rock, F is the true formation
factor, and Cp is the conductivity of the clectrolytes in the rock.

Conductivity of the rock, as a function of brine conductivity, was measured
only at atmospheric pressure. Formation fuctors measured under COMPression
were corrected for clay conductivity by use of cquation 4 and the clay conduc-

tivity measured at atmospheric pressure. This gives a formation factor which js

INTERNAL
PRESSIRE
GAGE

HYDRAULIC
PUMP

RESERVOIR
s

~ JERGUSON SIGHT GAGE

(" TO WHEATSTONE BRIDGE

o - GLAND NUT  overaURDEN
o PRESSURE
S Bobo bl GLAND \ GAGE
N.._ REEEY 0" RiG ~7 HYDRAULIC
N AN 0 PUMP
N Vo e e—uote S/ y/ -
ek S L
N | R—LUCITE MOUNTED CORE RESERVOIR
N
N N :
N N
\ \
N

3

F16. 2.—Diagrammatic view of pressure cell with core in place for formation
o factor measurement.

dependent only upon the geometry of :F.. pore spaces. For most rocks, MH.F.. true
formation factor was not significantly different MSE the apparent formation
factor which includes the conductivity of the conducting solids in the rock.
RESTLTS

The data obtained on the 21 cores :u.n@ in ::.v. study are .,.&:M::w;. in %_.:EM.W..
Figure 3 illustrates the shape of plots of formation ?ﬁom p”f_,w W:HM _o_m.:_%cx_”:c-
burden pressure. The internal pressure was N::Sm_v:oan or a c , ” » X ,<2.
ments. All data reported were oc_mmzﬁ.m .E. Ecnac.,.mw:.a_v‘wEln.F,,;:.ﬂw. .Em m:zc
burden pressure. There was littie or no A:meé.:mc Tn? Q”.:.ﬁ :.,Jn n.*:.?o,wf,,,«npj.i_ :.
obtained when the overburden pressure was first increased and then decrease

] o ar wrre cvelo
sufficient time were allowed for equilibrium during the decreasing pressure cycle.
Time required to reach equilibrium was greater for decreasing pressure than for

ime re ‘
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Fic. 3.—Relative formation factor as function of overburden pressure. Legend
same as in Figure 3.

psi and 3,000 psi overburden pressure with internal pressure at atmospheric, The
dash lines in these figures are a least squares fit 1) the Archie equation. The solid
lines are the least squares fit to the Winsauer equation. Table TT gives the Archie
and Winsauer equations for each pressure from a least squares fit to the data for
that pressure. Figure 7 shows a plot of the exponents versus pressure, and Figure
8 shows a plot of the coefficient of the Winsauer equation as a function of pressure,
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Figure ¢ shows formation factor as a function of the net overburden pressure
ior 2 California:and a Texas sandstone. The net ovérburden pressire s the ‘ex
ternal pressure less 85 per cent of the internal pressure. The factor, .85, appears
because the internal pressure does not act entirely against the external pressure.
Brandt (1953) has previously discussed this factor. The graph shows the forma-
tion factor changing with overburden pressure for constant zero internal pressure
and for constant 3,000 psi external pressure with the internal pressure varied.

Porosity. permeability, and electrical conductivity, as a function of over-
burden pressure, were measured on a Wyoming and a Mississippi sandstone. The
permeability measurements were made by the methods previously described by
Fatt {r952). Internal pressure was atmospheric. Figures 10 and 11 show these
properties as a function of overburden pressure.

DISCUSSION OF RESULTS
This study of effect of compression on formation factor shows clearly that the
formation factor may increase by as much as 335 per cent under 5,000 psi net over-
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Fra. ro—Relative change in porosity, electrical conductivity, and perm.ecability as function of
overburden pressure for Tensleep sand, Wyoming (Sample Number 20 in Table I).
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I'16. 11.—Relative change in porosity, clectrical conductivity, and permeability ws function of over-
burden pressure for basal Tuscaloosa sand, Cranfield, Mississippi (Sample Number 1 in Tuable T),

burden pressure. This nct overburden pressure would normally be expected at
about 10,000 feet below the surface (bused on the assumption of 1 psi per foot
rock pressure minus § psi per foot hydrostatic pressure in a column of water to
the surface). Therefore, it seems reasonable to expect significant difierences he-
tween formation factor measured at the laboratory on core samples not sub-
jected to overburden pressure and the formation factor in place at depths greater
than a few thousand feet,

Both the formation factor and the porosity vary with increase of overburden
pressure. The variation, however, is not such as to maintain the coetlicients and
exponents as constants in the Archiec and Winsauer equations. Thercfore, at
overburden pressure, the Archic and Winsauer equations have cocfiicients and
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¥1c. 12.-—Effect of overburden pressure on ,._z._::_rv:.?n».o_‘ and porosity. Pressure increasing in
dircction of arrow. Line 1 is formation factor versus porosity ::n.;.:.,. least sequaLres 1o ull cores listed
in Table T at atmospheric pressure. Line 2is a .A. n:.n_wcc mw:a. ,./o&e.,:o::.x W yomirg, core under
compression (Sample Number 17 in Table D. Line 3 is a Cisco sand, Kelly-Snyder field, Texas, core

under compression (Sample Number 11 in Table .
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exponents which differ from those which may be measured in :.:w E.vaggg on
core samples at atmospheric pressure. A significant observation is m:cs;., in
Fizure 12. Her: it is observed that the increase in formation factor for a given
core with decrease in porosity during compression is more rapid than would be
expected from the average line of formation factors versus porosity. This means
that compression of the rock causes a more radical change in pore structure 2.6.:
does the change in porosity from sample to sample caused by the geological
processes that reduce porosity. o

The results of experiments in which the external pressure was maintained
constant while the internal pressure was varied shows that if the concept of a net
overburden pressure is adopted, then it is the difference between the external
pressure (which in a reservoir is the weight of the overburden) and m,m per cent
of the internal fluid pressure, which determines the effect of compression on the
pore spaces. Therefore, laboratory-measured formation factors, in which only the
external pressure is varied, are sufficient to give information on the effect of
overburden pressure on conductivity properties of porous rocks,
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MODERN EVAPORITE DEPOSITION IN PERLU?

ROBERT C. MORRIS? axn PARKE A, DICKKY®
Lima, Peru, and Tulsa, Oklahoma

ABSTRACT

‘The Rocana de Virrila, located near Bayovar in the central part of the Sechurn, Hustrates prin-
ciples of evaporite deposition. The Bocanit, a marine estuary which normally lacks fresh-water inflow,
extends about 20 kilometers inland and is about 2 kilometers wide,

Gypsum is being precipitated near the head, and halite ag the extreme end of the Bocana. Black
muds are found on the bottom, Life in the upper reaches of the Bocana includes red and green algae
and inscet larvae.

The high rate of evaporation of the lagoonal witters causes an increase in the degree of concentri-
tion of the various salts found in normal sea water. Chemical studies have shown i horizontal s inity
gradient in which the concentration of total salts increases to more than 350,000 parts per million at
the head of the-sstuary. A vertical salinity stratilication was also noted near the hewd. where warmer,
more saline waters are found on the bottom, below a cooler, less saline surface layer, It is believed
that normal marine waters enter the Bocana at the surface 10 replace the lagoonal waters lost by
evaporation, become more concenteiated by evaporation and mixing, sink, and tend to ex
near the botiom, Physical and dynamic barriers inhibit the esciape of the bottom brines,

pe seaward

INTRODUCTION

The Bocana de Virrila is located on the coast of northwestern Peru in the
Sechura Desert (Fig. 1). Tt is a rehct river channel which forms an estuary with
an open connection to the Pacific Ocean. The topographic features of this ancient
river bottom and the excessive aridity of the region have combined to form an
interesting example of the deposition of cvaporites in an arid climate. It is the
purpose of this report to describe where and how these processes are taking
place and to confirm some of the hypotheses postulated by other workers con-
cerning the deposition of salts in a restricted estuary where evaporation exceeds
precipitation plus runoff,

The report summarizes a reconnaissance investigation of this interesting arca
made by A. G. Vischer and the writers in August, 1955. No detailed study has
cver been made, .

DESCRIPTION OF CHANNEL

Beginning near the village of Scchura in the Sechura Desert near Pajta. Peru,
a broad area slightly lower than the surrounding flat Pleistocene heach deposits
extends southward about 3o kilometers, encounters a ridge of Qat Miocene shale
beds, then curves westward out to the Pacific Ocean, During excepuonal years
when rain falls on the western slopes of the Andes Mountains, this whole lowland
is covered by large sheets of water derived from the spill-over of the Piura River,
which normally enters the sea west of Sechura. For example, during the rainy

! Manuscript received, May 6, 1057.
? International Petroleum Company.,
* Carter Research Laboratory.
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Fic, 1.—Location of Bocana de Virrila, Peru.

vear of 1923, geological maps made at that time show the Piura River flowing
along 1his course. However, during normal years, the upper part of this low
arci is generallv dry except for a few shallow evaporating pans. Thin salt
and gypsum crusts surround these arcas. In the subsuriace, gypsum has been
observed in numerous shot holes at depths of 30 feet, pres.imably formed during
recent time. Small mining operations for sall and gypsum have been carried out
for years throughout this area, No vegetation is present. Although it is some dis~
tance from the sea, the area is very near sea-level,

Closer to the sea, the broad area hecomes more constricted to form a channel
that gradually falls below sea-level, This channel forms an estuary called the
Bocana de Virrila, about 20 kilometers long and 2 kilometers maximum width.
As this Jower part of the channel contains a vesar-round supply of sea water, con-
siderable quantities of salt and gypsum are being deposited at the present time.

MODERN EVAPORITE DEPOSITION IN PERU 2469

DEPOSITIONAL ENVIRONMENTS

In accord with the classification used by Sloss (1953), the depositional en-
vironments of the Bocana have been classitied as normal marine, peacsaline, and
saline. Each of these environments is quite distinct geographically and is repre-
sented by characteristic mineral associations and water compositions, The na-
ture and location of the environments may change seasonally, and certainiy
change in those occasional years when there is abnormal rainfall on the coast of
Peru. The present paper describes the condition as it was in August, 1053.

The area extending from somewhere just inside the mouth of the Rocana to
& sill near the upper reaches of the lagoon has been designated as peaesaline
and is intermediate in salinity between normal marine and saline waters, Accord-
ing to Sluss (1953), the penesaline environment is characterized by deposition
of c¢vaporitic carbonates, interbedded with anhydrite. The waters from the
Bocana are a milky, yellowish green. Water depths probably do not exceed 2
meters, Surface waters had a temperature of about 23°C. Throughout the penesa-
line environment, no indications of sodium chloride or calcium sulphate being
deposited were (o be found. Black muds covered the floor of the estuary near
shore. Farther from shore, a white marl 3--1 inch thick covered the fleor of the
estuary. Directly below were found soft black muds approximately 1 foot thick.
This mud in turn overlies gypsum crystals. This gvpsum might indicate that
higher salinities had previously prevailed much closer to the mouth.

The saline environment of the Bocana occurs at the extreme upper end of the
estuary. A small sill composed of several small islands and shallow sand bars
greatly increases the physical restrictions of the dense, outtlowing brines, This
sill was located approximately where the two forks of the upper part of the
Bocana meet. Just inside the sill, black muds are found on the bottom. The mar-
gins of small islands which occur in the area cortain small gyvpsum cryvstals
Many of these crystals have a leached, indistine appearance, as if they have
partly gone into solution several times. This is probably due to fuctuations in
the horizontal salinity gradient caused by tides, changes in rate of evaporation,
or possibly some other reason.

Most of the halite and gypsum deposits are found at the extreme marging
of the saline environment. Water depths do not exceed 1 foot. Large interlocking
crystals of gypsum up to § inch in length have been observed. The growth of these
interlocking crystals has bowed up the floor of the estuary, in some places
thrusting large folds of the crystals completely above water level. The transition
zone between the principal gypsum and halite deposits is very indistinet as both
halite and gypsum crystals appear the same when seen under shallow depihs of
water. The color of the water in the saline environment, especially in the upper
reaches where the vast majority of the evaporites are being deposited, is a bright
pink. This pink color is thought to be due to red algae in the water, The same
color has been noted in other evaporating pans on the western coast o Peru.
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saline environment arc red and green algac

only forms of life noted in the o
s environment ranged between 25

1 inscct larvae. The temperatures in thi ‘
rmer than in the lower reaches of the Bocana.
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COMPOSITION OF WATER SAMPLES

n from the different environments are
sbown on the map (Fig. 2). An analysis
“Data of Geochemistry” is also pre-
(‘Table 1). The columns are arranged in order of increasing
‘The absolute concentration of the ions is given in
lative amount of each ion is given

Analyses of six water samples take
Jhown in Table 1. Sample locations are
of normal sea water taken from (larke’s
sented for comparison
calinity Irom et to right.
of total water sample. The re

parts per million
in percentage of total solids.

Although a detailed sampling projec
raore desirable, these preliminary figures readily bring certain facts to light con-
terning relative 1on concentrations in the different environments.

Calcium ions show an increase in concenration in the penesaline environ-

in the saline environment. Percentag -wise, however, cal-
cadily from normal marine to saline conditions.
cipitated in the lower reaches of the estuary in
s, which increases the relative percentage

L of the entire estuary would be much

‘ment and a decrea
Sium jon concentration drops st
“Fhis is because the calcium is pre
the normal and penesaline environment
of the more soluble jons, such as sodium, remaining in solution.

Sodium ions show a gradual increase in concentration until the innermost

samples are reached: then a sharp decrcase is noted. Sodium is not precipitated

until the highly saline environment is reached.

SAMPLES

Taner I CHEMICAL ANALYSES OF BOCANA DE VIRRILA WATER

Normal foc ks Loc, I} Lo, O Loe, O Loc. B Loc, A
Nurface Bottom Nurface Surfoce

o New Waier

wriace Surfuce

arts Per Million of Water Sumple

Ton Coneenliali

K- oy . 1,426 o1 6,045 0,902
Na 40,315 §¥,550 04,170 07,390
Car 1,000 1,010 300 300
Al 5,580 5,440 12,340 30,012
[ 51,105 107,020 160, 200 190, 200
N0 4,507 140480 31,210 40,417
Y 71 248 551 0438

Total v 104, 202 142,434 191,490 345,478 354,939

of Total Solids

pressed as Percenlay,

L .o 1.9
30.0 27.2
0,34 0.1
0.3
B 80,4 55,1 .
A 7.0 9.0
o.13 o.10
(02,0 100.0 100.0 16T © 100,90
o o.J.u, OO O F ¥ .
7.3,
26°C.

Cemperatuce RO
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F1G. 2.-~Depositional environments, Bocana de ferilo, Peru.

.Z:n:e.&:? jons show a slight increase in concentration until the innermost
saline environment is reached, where a sharp increase is noted hoth in absolute
c.c:nc::u:c: and relative percentage of total solids. Potassium lon concentra-
tion ?..?E% constant until the innermost end of the estuary is reached, where o
sharp increase is apparent. The relative pereentage is about the same in all zn:.
ples. Thus neither of these ions is being precipitated appreciabiy under present
conditions, but both are being concentrated by loss of le solut and
evaporation. Still more restricted conditions would be necessary before they
could be deposited. ) ,

Among the anions, the chloride lons increase in absolute concentration from
the lower part of the estuary to the extreme upper end. However, their relative
vercentage first increases slightly as a resuit of the precipitation M;. calcium sul-
v._:.:a, and finally decrcases markedly in the place where sodium chloride is ﬁ.v:,-
.n::::ca. This comes also as a result of concentration of magnesium and y.:_::.:.c
ions in the last stages. o
. The sulphate ions show a steady rise in absolute concentration, increasing
in the upper reaches of the estuary. There is slight decrease in relative a Em::”
in the lower reaches where gypsum is precipitating. The bi-carbonate fons increase

d-the upper end;-Eut-decrease-in-relative per-cent.-

¢ tons and by

invoncentrition

tow




ROBERT G. MORRIS AND PARKE 1. DICKLEY

mc:::v&x._:x.,Mﬂnmnn.r..r.c_a.z.v,,Am»._.da_Z::N;_,;,f.pﬁrm_.awwx w.:,.::m .Enng.mm‘ _,:
concentration of the individual ions above that of :c::m.: sea ,E:mn. As vao.n:u_:._?.
tion of caleium carbonate, calcium sulpbate, and sodium ﬁ.r—cﬂ_amwurnw n Er
successively, the relative concentration of these ions %wnnn:wnm whijé c?a._‘ _ow._..!
such as magnesium, potassium, and sulphate increase, m:.c:E furtter 3:2::.:7
lion of the sahs take place due to evaporation, magnesium mc._v::m w:.a mag-
nesium chloride would probably be precipitaied, with the last bitterns being rich

in potassium and chloride ions,

LUTHOLOGIC DESCRIPTION OF CORES FROM BOCANSA VIRRLILA

At locality A in the upper reaches of the estuary. :F m.:&:._c& mﬁ»twlp.n de-
posits were .f..x::n?.; 1o a depth of about 3 feet by a:i.:n z-inch pipes 58.:?.
sediments. The cores vontain interstratified beds of halite, gypsum, and uncon-
colidated sandstone, indicating that both water level and salinity have fluctuated
in the past. Following is a description of the cores.

Description

Unit - Tihickne
(Cenbimoelers: o

P =0 Halite, very light gray, with minor amounts mwm.\ov of silt E:n._.:.s n.:z.__:.,._ﬁ_m
. . RIRISN dark organic material, and gypsun; halite 1s cuhedral to vz_é‘em_?—. ,4__:
ranges in size from ©.3 to 2.0 mm.; some r:.nm.,. g_:c nJ.v.p.:_.,. .nc._WE:.J::.. :..
sions of silt or organic material; organic malterial is unevenl A:..r:._ .v,E: .,.nw.:.
centraied in places along bedding or in isolated spots; bedding shows consider-

able disturbance due to downward thrust of core tube

: " . 520
‘o (.o Mixed laver of fine sand, gypsum and halite; dark gray color due to _M_Nm\e
. ntent of organic matesial; sund consists mainly of quartz with minor plagio-
we feldspar

sum, light greenish gray, anhedral to subhedral grains 2.5-2.0 mm. in
diameter; contatns several rem. layers of gypsum with 15-20% dark organic
aterial and several pockets of soft greenish gray microcrystaliine (o1 mm.)
salite; Xeray shows trace quartz

i 11.G

B 0 Gypsum, solid crast of crystals, 1-3 mm. in length

c::._:,.2.!u:::,m:_n:r‘:,zrr::..,..:.cn.,.:m:_:w:aﬁ:n_.o_.:::.“ _5;.2..
> mnn thick, of greenish gray, microcrystaliine halite at top and bottom of

unit

; 6.0 Fine sand, yellowish brown: with r3-20% ucicular gypsum crystals o.5-1.8
mm. in length, and several pockets of soft, nqnc_:m:.nE microcrystalline
halite near base of unit; microcrystalling halite is also disseminated throughout
with total content possibly 20~25%: sand is chiclly quartz M::, minor plagio-
clase and orthaclase feldspars: Neray analysis shows trace illite

N 1.0 Gypsum, white, acicular crystals up to 1.0 mm. in length

3.0 Gypsumi, grecnish gray, acicular crystals 1o-4.0 mm. in length, oriented
lurgely in vertical position; lower 4 cm. is solid layer of vertical gypsum crys-
::.,_.uN.mn:,.m:r.:n;

: 5.3 Fine sand, yetlowish brown, well sorted. with microervstalline halite distributed
i throughout (1o 13% approx.}; =and compased chictly of quartz (subangular)
6570%, svpsum (cleavage Tragments)—10%, and plagioclase feldspar—-s—
10%; 3 <. below tep of unit is 2-mm. layer of fine sand with 40-50% acicular

avpsam crystads 0.3-1.5 mm. i length

- 2.0 Gypsum, acicular crystals 0.3-2 mm. in length with massive gypsum in center

MODERN EVAPORITE DEPOSITION [N PERU
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Unit  Thickness Dexcriplion
(Centimeters)
2 7.5 Gypsem, greenish gray 10 white, acicular crystals 0.5-0.0 mm. in lenath: con-

tains ro-r59%, subangular sand and coarse silt grains unly quartz-minor
plagioclase) distributed throughout; contains several pockets of soft greenish
gray microcrystaliine halite with considerable silt (10-20%,

ess amounts of
gypsum, illite, and trace of feldspar

' 17.0 Sand, vellowish brown, fine: 1o medium-grained, well <orted, wubar
subrounded grains; composed mainly of quartz grains (7o St with minor

basic plagioclase feldspar (15-20%,), halite (s-10%), and svpsum ¢ 54
T P 3 0 5 ] A 3%

Bottom of core

PHYSICAL AND CHEMICAL PROCESSES

The order of the precipitation of the evaporites in the estuary conforms ¢los v
to Usiglio’s order of precipitation. He has shown that calcium carbonate wi

I he
precipitated from solutions with salinities ranging from 72 10 100 paris ner
thousand. The gray marls from the floor of Bocana Virrila were found o he

underlying waters with salinities ranging from 88 to 103 parts per thousaond.
Usighio showed that calcium sulphate would be precipitated from waiers
salinities ranging between 199 and 353 parts per thousand. A water sample
taken above gypsum deposits in the estuary totalled 354 parts per tho
Finally, Usiglio showed that sodium chloride would be deposited v
salinities reached 457 parts per thousand. A water sample tuken above
deposits from the estuary contained a salinity of 355 parts per thousind.
good correlation exists between the laboratory data prepared by Us
actual concentrations found above the various salts from Bocana Virril
"The presence of black muds covering the floor of the estuary
of the saline environment is believed to furmish a valuable clue in expla
frequent association of black shales with evaporites. Black muds from
Virrila were observed to occur below thin crusts of gvpsum in the saline environ-
ment. In the transition zone between the pencsaline and saline environments,
black muds were observed on the floor of the estuary, and presumal v are Le
deposited at the present time. The pH of the surface waters ¢
the bottom waters directly overlying the black muds were
measured 6.6. The acid conditions may be brought about by s
bacteria which reduce the sulphates to sulphides, thus freeing
gras which tends to acidize the water.

usaned,

ot

COMPARISON WITH OTHER LOCALITIES

Super-saline waters are not uncommon in manyv places throughou:

the workd,
‘The majority of those found along coasts, such as the Bocana Virrila, contain
modified sea water. As the sodium chloride crystailizes out they hecome enriched
in magnesium sulphate like that in the Bocuna Virrila, Their aciual chemical
composition, however, varies rather widely, depending on local circumstances
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ana the contribution of water from other sources. The published analyses most
osely resembling that of the Bocana Virrila are from the Gulf of qumv.om:ux
on ,:H.c cast side of the Caspian Sea (Clarke, 1924, p. 169) where a similar inflow
“rom the sea darea occurs, although ovn a much larger scale :E:.:a.na. The same
disappearance of calcium, decrease in sodium chioride, m:w& increase in magnesium
sulphate is noted. The water of the Dead Sea is quite %mﬁ.ﬁ.:. Q.V:::E:m prac-
tically no sulphate and substantial amounts of calcium. The interior lakes of the
_f:_r.,, Mountains and Great Basin areas of the United States are still &mﬁ.m:.r
,..:_E?:i sulphate and carbonate as the predominant anions and calcium in
guantities comparable with sodium among the anions. These lakes were not de-
rived directly from the evaporation of sea water,

The ccu,m.::_:.< that evaporite deposition could occur as a result of a 2:::.2-
current, with less dense brine entering from the sea at the surface, concentrating
by evaporation, and returning scaward along the hottom was mpﬂnmamﬁa by mv.‘ B.
_w.:ﬁ in 1942 10 explain evaporite deposition in the Permian of Texas and New
Mexico. Seruton in 1933 pointed out that counterflows of this type had vnm.: ob-
served repeatedly inestuaries and river mouths, and might have been a dominant
factor in the deposition of evaporites. The counterflow has not yet actually been
observed at the Bocana de Virrila, but it may he going on.
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PALEONTOLOGY AND STRATIGRAPHY OF SONME MaR{NE
PLEISTOCENE DEPOSTTS IN NORTHWESY
LOS ANGELES BASIN, CALIFOKN] A

1%3,@2#..7.2::.1
Los Angeles, California
ABSTRACT

Recent excavations made in the Cheviot Hil s Los Angeles County, O
fossiliferous marine Pleistocene strata. Tiwo new formations occur in this arc
Anchor silt consists of 6o feet of soft buff silts, and is unconformably overliin by
Medill sand, consisting.of 60 fent of grayish, loosely consolidated sund and grave

.. Eighty-three species of fossils, mostly mollusks, are identificd from five localitics | the Anchor
silt, and 21 species of mollusks are identified from o single locality in the Medil) sand. The fauna of
the Anchor stlt probably lived offshore at a depth of 25 35 fathoms on a silty or muddy bottom, and
i water considerably colder than that present todidy” 2t this latitude and depth, The e of the
Medill sand represents w warm bay habitat.

The Anchor silt is faunally and lithologically similur 1o parts of the San Pedro and Timne P
formations at San Pedro, to small exposures of lewer Pleistocene in the Pacitic I
unnared lower Pleistocene units in the Balgwvin Hills,

The Cheviot Hills are along the Newport-Inglewood aplifty 13 miles southwest of the Beverly
Hills oil ficld. ’ :

WS Ted, an

INTRODUCTION

Recent excavations made in connection with real estate development near
Castle Heights Avenue in the Cheviot Hills, Los Angeles, have exposed fossilif-
erous matine Pleistocene strata. The fauna s chiefly molluscan, and it is the
purpose of this paper to describe the stratigraphy and paleontology of the Castle
Heights area with emphasis on the molluscun palcontology. The work on which
this report is based was done during parts of 1934 and 1953.

LOCATION

Pleistocene deposits of the Castle Heights arca are exposed in cast-facing
artificial cuts above an unnamed watercourse, one mile southeast of Twentieth
Century Fox Studios (Figs. 1 and 2). The exposures are bounded by the water-
course on the east, McConnel Drive on the west, Monte Mar Place on the north,
and Club Drive on the south. As the real estare development of the arca pro-
ceeds, strata temporarily exposed in homesiie cuts are rapidly being covered by
houses and landscaping. At present some of the fossil localities are inaccessible,
This report also includes the description of a small exposure of fossiliferous
Epl:mEimSco:n:mpn_.:a E_:ovo:OélEa...7.0::?:7:5Tooo ?.ﬁ.,,_::‘,:

' Manuscript received, March 12, 1937,

* Department of Geology, University of California, Los Angeles, The writer acknowledges the
generous assistance of Professors. U, 8. Grant, IV, and W, P, Popenoe, of the University of California
Los Angcles. Thanks are due James W, Valentine, graduate student at the University of California,
Los Angeles. who has aided in many ways John T, McGill of the United States Geological Survev
has gencrously given of his time for the reading of the manuscript and for helpiul suggestions in the
me_a_;\?n maps and cross section were drafted by Mrs. Opal Kurtz, University of California, Los
Angeles.
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maps that incorporate the Castle Heights area include
Arnold crgo7. PLo1¥s, Hoots (1931, PL 1), Hoots and
Woodford of ul. (1g54, L g3 PL 2).
nothis paper have previously been mapped as marine cEx..n
- Thework of Hoots is the most deraited.
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us report of Pleistocene foxsils from the Cheviot Hills i the
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STRATIGCRAPHY

General.  The strata exposed in the Casile Henghis o

1o VWO Superin

sofi silts, sands, and gravels, and arce divided i
Significant exposures are confined to the recer
Avenue and McConnel Drive. Total thickness of the expos

v made

feet. and the beds are neariy horizontal, with 7 the highest
ever. some local contorted bedding was noted ar a few locaditi

(I, 7).
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. . vie of the Newnort-Inulewood uplift,
The Castie Heluits area lies along the axis of the Newport Inglewood uplitt,

{1 miles southwest of the Beverly Hills oil field. . .
uclior site. This unit, the older of the 1wo formations, is named from .a./.-
nue. Its maximum thickness 15 00 feer, and consists
Lursely of massive, huff-colored, line sands and silts with thin, :._.am.:_mn v.n.mm of
cobble zravel, This unit is well developed north of Beverlywood Street in the
cuts between Anchor Avenue and Krim Drive. and at the northwest corner of

Beverlywood Street and Krim Drive. ) ) .
is not exposed. The stratigraphically lowest ex-

'

posures along Anchor Ave

d of Anchor Avenue, and consist of § feet of
Il rounded pebbles and cobbles of white

The base of the formation
posures crop out at the ngithern en
aravelly samd comaining abundant we

-~

ailiceous shale 23 inches in diumerer (Fig. o2

Fesns bed 8
oty

voLa e
ramber

3394
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i, area. Figures al street corners give curb ¢levations to
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L3462 Anchor et

L3395

- Aneh + B o o e sl S BV S
L3as) or it
L3394
—X e XX —
3395 4
—Xe=X—X-+ fossil bed & UCLA tocality

1

16, 4.—~Schematic cros

section showing relations of Anchor siit and M
L 3463 is “stack.” Not to scale.

sang,

The lowest fossil bed is superjacent to this gravel, and is exposed for 1350
feet along Anchor Avenue (Fig. 3). This bed is 3 feet thick, and the fossils are in
a matrix of buff, sandy silt.

Twenty feet of non-fossiliferous silt and gravelly sand separate the lower and
upper fossil beds in the Anchor silt. This second gravelly sand, which is contined
Lo the upper 4 feet, is similar in composition 1o the lower gravel, The overlying
fossil bed has a matrix of sandy silt, is 2 feet thick, and is exposed for a distance
of 500 feet, from Reverlywood Street to a point nearly opposite the north end of
Krim Drive (Fig. 5). It also crops out at the northwest corner of Beverlywood
Street and Krim Drive (Figs. 7 and 8). The sandy silt above and helow the fossi)
bed is concretionary and hard.

Fig. 5.--1Looking west from Anchor Avenue, 200 feet north of Beverlywood Street

AT‘
¢ LLand
above piles of lumber on house foundation is upper fossil bed (L 35057 it
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Fre. oo Close up of lower part of Anchor silt showing grivelly character. Photograph taken
whong west shie o Anchor Avenue, 400 feet south of Monte Mar Place. Length of hammer, 12 inches,
white patches in upper part of photograph are fossils in lower fossil bed (1, 3304).

The upper 235 feet of the Anchor silt are composed of fine sand and £,
,,vt:::n_.,‘“.:./../.:?.?:7.E:_:._\cn:_u_._.,. 55.2.:_,::4.,‘.

The Anchor sittis in disconformable contact with the overlving Medill sand.
Cut-apd-till siructures are present at the top of the Anchor sili, and the contact
15 characterized by aorather abrupt increase in grain size from the Anchor silt to

~yeo,, .
oyl b A e
e NS el

s i, 2 G ey Legn”

o s =Northwest
Anchor silt and Medil s
siuws abuove firenluy,

1 Krim Drive and Bev

" 4 soud Street looking northwest, Contact of
ew feet above bench ey

on lotin foreground. Contorted bedding
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the Medill sand, The contact between the two formations, though focally irregu-

lar, has a rather even slope of less than 2°8, The contact is at an elevation of about

225 feet along the northern part of Krim Drive, and is at about 195 feet at the

southern end of Anchor Avenue (Figs. 3 and 4).

Medill sand. - This formation, named from exposures alonyg, and adjacent 1o,
Medill Place, is & mixture of fine to coarse sand and gravel. It has & maximum
thickness of near 6o feet in the Castle Heights area. and is well exposed north and
south of Beverlywood Street.

The basce of the Medill formation is a coarse sand and, or, gravel, The irrecu-

lar pockets of gravel consist of well rounded metamorphic and granitic cobbles

FiG. &0 Northwest corner of Krim Drive and Beverlvwond Street looking north,
Fossil bed (1 3303), 2 feet thick,

and boulders up 10 15 inches in diameter. White siliceous shale fra
common in the gravelly sections of the Anchor silt, are not present in
gravels. These Medill gravels have a fine to course, gray-hrown, sandy

NCNES, =0

Medill

eral extent vary greatly from place to place.
The rest of the section consists of irregularly mixed and interbedded fine 1o

coarse, gray Lo brown sand, and a small amount of cobble ruvel. The si

sil bed in the Medill sand is in coarse grayish sand at an clevation of abont 220

feet, and is exposed along the ecast-facing cuts for a distance of 00 feet, i1

Girla Way north toward Beverlywood Street (Figs. 11 and 125, The sand

and including the fossil bed ure generally grayish, und contrast markediy
the overlying brown sands. The cause of this color difference
present soil is developed on these brownish sands.

not knov

1
:
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Seven separ. e o
3393 2401, 3402 _
sand; and the sever:
5,000 feet south «
same as Hoots™ Joo, oo
under the Medili sore -

»/_‘M:Sv‘-mm./. spe s
mcluaing g2

paper. Five of these (3304,
cone (3396) is in the Medill
sexpos. ! along Overland Avenue
amed locality is presumably the
IPL 16). Locality 3439 is listed

o pdentiied from the seven localities,
hopod. and 43 pelecypods), 1

T sl Topo

echinoid, 1 barnacice,

2 bryozoans,

SYSTEMAT

Prvera Monniaes
CLass Gastrorona
OREER CreNoRRANG
Fanaly Trictiore
s Tricorkors Sonerhy, 1829
Trichotrapis cancellate Hinds, 1843

Triciwtropis cancetluta Hinds, Proc, Zool, Soc. London, p. 19, 18,435 Zool. Voy. Sulphur, Mol

I ,aw\._\.‘w.x\? H.w et ;t..,.x.f. fide Binney, Smith. Mise. Coll., pt. 2, E,r 1o, 188, 1864) T
ricrolropis cancellebs Hind is, Field Guide to Shells acific

ot et m__,.ﬂ.mf&:_ﬁm. tets, Morris, Field Guide 1o Shells of Pacific Coast and Hawaii, p. 103, pl.
Asingle specimen was recoverer
wtwhorl, rg mm.). This is
It bas been recocded fossi) fre
Greologic runge: Pleist
Recent distribution: S
Habital: 6~z fathoms

um locality 504 in the Anchor silt (ength, 30 mm.; diameter of
speeentdy the tirst fossil record of this species in Southern California, -
n British Columbia by Wigener (1934). '
ne to Reeent, ’ '

thern part of the Bering Set and south te Oregon (Dall
BUrCRL 1945, 00, 54, p. 36),

» 1921, D, 148).

i Family Nurrexivag
Genus Macrox 1. & A Adams, 1853
Macraw aethiops var. kellettis (A Adams), 1853
P e . b NTE D . -
\,\;\iab.a\\:‘.::_\ A ,,\/;;:7, Proc. Zool. Soc. London for 1853, p. 185
ALACEOn aeliops var bellettii (AL Adiums). Grant sl ., San Dieg N i
ol 1 et o . et ), Grant and Gale, San Dicgo Soc. Nat. Hist., Mem.,
This soutier . 1S P Ror pope : R
. :,f.,...,_._f":“.ﬁ,.ﬂ ~__:H._.w_: s 08 “,.F::._..:a _:_ the Southern Culifornia Pleistocenc. The specimen from
e Medili s ¢GRI S390, 18 0 moderate size and is csneein e i Hei
e § mnedetate size and is especially well preserved, Height of shell,
Gealogic range: Phioee t
Recent distribution: Lower ¢
Habiiat: Protected oy

ntand Gule, 1631, Joe, cit.).
and Gall of California (Dall, 1921, p, 89).

oW wgler,

Crasy Prieypoy
FIRDER TELEODESMACEA
Family' Caxnirinag

CYerocarpiA Conrad, 1807

sl el pecidentalis {Conrad} 1855
4,

volo 7, . 267, 1855; U. 8. Pac. R. R,

urdita oceldentalis ¢
Heporis, vol. 6, Pr. 5

Cenericardia ;)
. Specimens from the \,
7105 and nodes, ang hove
specimens of Cvelocirdia, i
Sunti Barbara Tormy
and were discussed by W,
the Sunta Barbary
Pedro form specific

v _‘w:__. 321, pl. 14, fig, 2, 1007.
i .‘..o.,ekim.iia (Conrad) have stron
Lers. These forms closely resemble smal
ons as O, monilicosia (Gabb), from the
s are known from the San Pedro area
their resemblance to forms collected from
wever, chose not to identify the small San
sissiument seems warranted if, as Woodring
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ChickList or Foss

Key to symbols
R--Rare, r~10 specimens
C—Common, 11-40 specimens
A-—Abundant, 41-100 specimens
8 —-Superabundant, more than 100 specimens

SYSTEMATIC CHECKILIST

UCLA Localitfes

Specics and Varicties Anehor Sill " Medill Sand

3043305 0L 30 3105 3360 3039

Bryozoa !

Tubuceltaria ci. T. punctuluta Gablh & Horn  * A
Idmonea ci. I, californica d’Oribgny ¢ r

GASTROPODA
Calliosioma annulation (Humphreys) R
Celliostoma doliarium (Holten) R , .
Tegula gullina Forbes R
Margarites Lirulatus Carpenter R :
Margarites optabilis {Carpenter) : R
Tricolia compte (Gould) : R
Turbonilla  pedroana Dall & Bartsch PR “ ! ,
Turbonilla tridentate Carpenter SRR
Odostomia talpa Dall & Bartsch R :
Epitonium indianorum (Carpenter) [CHREE T G
Epitonium tinctum (Carpenter) SR
Epitoninm tabulalum Dall i R R !
Lipitonium cooperi Strong : (ORI
Cryplonatica cf, C, alentica (Nall) S ¢ R :
Polinices draconis (Dall) SR
Neveritu reclusiana (Deshayes) i R (S R
Calypiraea fastigiata Gould DR R :
Credpidula princeps Conrad ¢ (G , ;
Crepidula nummeria Gould PR : ' :
Crepidula onyx Sowerby R :
Turritella cooperi Carpenter 5008 0 R
Trichopirepis cancellata Hinds R , : :
Cerithidea californica (Haldeman) , ! A C
Bittium rugatum Carpenter S A !
Biltinne rugatum var. larum Bartsch CCoC |
Alabing tenuiscul pta Carpenter : i R R
Fusilriton oregonensis (Redficld) R R ,, A
Ocinebra barbarensis (Gabb) : RO )
Ocinebra foveolata (Hinds) R R
Boreotrophon or phens (Gould) A D¢ v
Boreotrophon multicostatus (Es hscholiz) P RO
Amphisa versicolor Dalt C C
Mitrella carinata (Hinds) R J
Mitrella carinata var. gausapata (Gould) ¢
Mitrella gouldii (Carpenter) 5 A R R
“Nassa” perpinguis Hinds S A R R R
“Nassa’ mendica Gould & R
“Nussa” jossala (Gould) R :
Nassarius tegula (Reeve) : ; ¢ ¢
Neptunca tabulata (Baird) ¢ ¢ SR
Macron aethiops var. kellellic (. Adams) R
Olivella pedroana (Conrad) © R ;
Clathurella conradiana Gabb C R
“Mangelia” variegole Carpenter [ 3
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Species and Varieties

Autiplanes pereersy (Guli )
“Lord” fidicnla (Gould)
Bullit qoddicia Pilshry
SAetewcing culeitelly (Gould)

SeAriorona
Dentalinm neahexaponim Sharp & Pilsbhry

Prrecyeona
Acihit castrensiy Hinas
Voldia scissuraty Dall
Ostrea luridy Ca penter
Lecten stearnsii var. diesensis I
Cilamys hastatus (Sow crby)
Chllamys islana.cus var. dordani {\rnold;
Palingpecten canrinus (Gould;
Leptopecten latiquratus (Conrud;
Thracia trapesoides Conrad
Pandora biltrata Conrad
Pundora grandis Dall
Cyclocurdia &f. (. occidentutis (Conrad)
Thyasira gould; ( Philippt)
Lucinoma apnutuiz (Reeve
Lucin tenuiscul pla Carpenter
Lucing nuttali ((on i)
Trachveardinm gudadregenarinm (Conrad)
Nemacardium centifiiosum (Carpenten
Chions undatella var. simillina (Sowerby)
Cliione fluctifragu (Sowerby) ’
Protthaca stamined (Conrad)
Com psomyay subdin Fhana (Carpenter)
Prepliidia lord! (Buird)
Tizela of, T stuttorum (Mawe)
Saxidomus nuttallii Conrad
Tellina of. T idae Dall
Tellina meeropsic Pall
Tellina butloni Dall
Macoma nasuty (Conrad)
Macoma incongruy (Martens)
Macoma calcarea (Gmelin)
Macomua secta (Conrad)
Donax gouldii Dyll
Psammobia californica Conrad?
Psammobia edentula {Gably;
Tagelies californianusy {Conrad)
Sales sicarins Gould
Schizothaerws nuttullii (Conrad
Mya truncala Linnacus
Cryplomya californica (Con rud)
“Corbula™ luteola Carpenter
Panope generosa Gould
Panentya baringinnns Dal

Eciuzoma
Dendrasier exenticus (1 schscholtz)

CIRRIFIDEA
Balastus sp.

LCLA Localities
Anchor Silt

 Medill Sand

SRS MO0 302 3405 3306 3403

N R
K i
t Hﬂ
R R : "R
IN R
R
R R
R S
R
¢ A
R !
¢ A i
R e
¢ ¢ ;
¢ ! ;
s R K i R
R
¢ S :
R !
R
R A. : ” .7. Hﬁ
K R ;
i ; C
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1 R i
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states, Cyelocardia monilicosta (Gabb) is to be considered as a synonvm of Cyelocardia occidentalis
(Conrad).

Geologic range: Pliocene (o Recent,

Recent distribution: Not known. The range of the closely refated ¢, veniricosa is given as Alaska
to Coronado Islands (Dall, 1921, p. 31). ’

Habitat: 25~124 fathoms off Southern Californin (W oodring, ro46, p. 83).

Family Saxicavinar
Genus Paxosva Gray, 1857
Panomya beringiannys )l 1016

Lanomyae beringiona Dall, Proc. U, 8. Nat. Mus., vol, 20D 410, 1G16.

Panomya beringianus Dall, Woodring, Bramlette, and Kew, U, S, Geol. Survey Prof, Paper 207,
D 88, pl 33, figs. 13-14, 1046,

Four single valves of this northern species huve been recovered from loe fity
silt. All of these specimens have # peculiar, thick, irregular, internal. enc wtny i ic shell
material. This feature was not observed on any other shells from the Castle Heights aren, 11 appeirs
to have been deposited by the animud itself, and does ol seem o be the resall of any secondury
process. The cause of this phenomenon ix not known.

Geologic range: Pleistocene to Recent.

Recent distribution: Fust Bering Sea (Dall, 1g10. P.oaib),

Habitat: 56 fathoms at the type locality (Dall, foc. cit.

* Anchor

PALEOECOLOGY

Anchor silt.——The fossils of the Anchor silt are rather poorly preseeved for
Pleistacene material. Most of 1them are soft, very easily hroken, if not already
brokc 1, and many are corroded, This condition appears mot 1o have heen the
result of transport, as the overwhelming majority of the pelecypads have their
valves articulated, Tt is apparently due to the extreme fragilite of the shelis,
which in turn is probably the result of ground-water action,

Localities 3394 and 3395 contain essentially the same fauna. Those species
found only at one ot the other locality arce represented by only one or two speci-
mens. Table IT summarizes the fauna of these focalities. The three other focalities
in the Anchor silt contain very small faunas, and with one exception, duplicate
species found in the two richer localities,

A marked feature of the fossil assemblages of the Anchor silt is the presence
of species that live today only well north of the latitude of the Castle Heights
arca (Burch, 1944-46; Hertlein, 1640). Several of these have the southern limits
of their geographic ranges norih of California. These include Trichotropis can-
cellata, Pandora grandis, Panonrya beringianus, and Mya truncaty. Many others
are typically “northern” forms (Table I11).

TapLe L Castre HEtonrs- Favya, SUMMARY (Spg;

Anchor Medill Potals
Silt Sund "
Brvozoans 2 2
Gastropods 40 1o
Scaphopods 1 |
Pelecypods 38 11 43
Echincids 1 1
Barnacles [ 1
Total 83 21 00
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FAUN AL SUMMARY ¢ .ﬁ:.u.n.,v

Coemmon

Lo Bath Totals
Localities
g N 2 2
i a1 39
p ‘ : | ¢
TLS.:E:./ 24 17 38
ELOTRE R41 . 1
Bars :

2 - I

MR .
_:L:v :,n 11 . 82

ONAL SUMMARY 0F LivING
N Caster Hewenrs PLeistoceNe

'KESENTED

Aucior Silt Meditl Sand
.f4 \v«.\ﬁ L f S 9 N . N rr. N I R A
pecies (¢ Kuney KUY 3305 T'otal 3300
N ’ - » v B ) .
‘ Noo G No.o ¢ Noo @, No. 9,
v onorith of Los Angeles 7 12 O 10 8 _401»5 e
south imit ar lntituele of Los An . ° °
nordern” forms) 1 )
cher : 1 1 ti 1 3
tirely south of Los Angeles o o ,w N ﬁ s : o
r north limitat latitude of Los An- ° ’ ©
Crsouthern” forms) 5 3
A 3 4 7 4 3 3 I
k 3 4

) ~.: om_ﬁ to determine the general type of environment in which the Anchor
sitt faunas hived, each of the two principal localities has bee
generalized ecologic groups {Table TV, 1t is
{auna-is A:ﬂ@n‘.,.ﬂ.%zg "SPECieSTWHESE NVING Tepresentatives have a great depth
qu_z.xw.. nd arg of ,..,c::uz:—:(.ﬁw hittle value in the determination of the depth at
Which the fuuna lived. Although a few of the more abundant species live tod y
oniy at depihs below 23 tathoms, they are known 1o live in 1, a5 shallow ue
25 a5 fathoms. The presence of abundant ¢

n divided into several

. ater as shallow as
wriiculated specimens of Sofen sicarius,

Parei IV Eeorocie Disrriserios OF RECENT Spreigs

REVRESENTED IN ANCHOR SinT

Fovire L 3305

70 Spectes G S pecimens

o7 :
VoS pecimens

) ° o [} o

Fxpomer] s

s thitn 1o fry

Protecter) shallow: lec foms 2 o.15

rotecte shadlow; Tess than 1o fathoms 2 D o o
NIE w523 fathoms g 043 1y 4
Otishore moderate: more than 23 fthoms "L 4 26 10
Otishore: great depth 3 to below ! 3 - 1

25 juthoms ’ , .

Cuestionuble “.. “ om 4t 7
[ - o & 4] 11

seen that the greater Jarlofhe o
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not reported living below 235 fathoms, scems to establish a lower Hmit that is
fairly shallow. From the available data (Burch. rgaq-46) it is suggested that the
fauna of the Anchor silt lived offshore at & depth of 25 33 fathoms on a muddy or
silty bottom. Faunal differences between the two major localities e stight, and
the same depth and bottom conditions are inferred for each.

Several species from the Anchor silt are not known 1o live in waters above
10°C. The average temperature of the water in which the Anchor silt fauna lived
probably did not exceed this value, and was possibly less,

Though the bulk of the Anchor silt fauna is assumed to have Hved ata depth
is depth

of about 30 fathoms in water considerably colder than exists today wi
and at the latitude of the Castle Heights arca, there are species present that are
not known o live below the Huoral, These species, Chione jluctifragu, Fagelus
californianus, and Donax gouldii, indicate shallow water with a temperature not
nocticeably different from that of today. Thus there were essentinlly contem-
porancous water temperatures that ranged from signthicantly colder than at pres-
ent, at moderate depths, to shallow waters substantially the sime as today
the latitude of this area, A mechanism 1o account for this ansmalous situation
has recently been proposed by Valentine {1955). He points out that under Simp-
son’s glacial hypothesis increased solar radiation and oceanie circulation might
well account for the relative rise in the temperature of protected shajlow waers
during Pleistocence glaciation, At the same time the southward drift of increased
amounts of glacial meltwaters, and intensification of upwelling, would lower tem-
peratures at moderate depths offshore, and in areas of upwelling,

Medill sand.-'The fauna of the Medill sand is much smaller, and is somewhat

...*t. »w, o 6 \t\.-f

Fie g.—-Stack-like concretionary structure at contact of Anchort silt (A) and Medill sund (31
1ooking northwest across Krim Drive about oo {cet vorth of Beverlywood Sueet. Height of cut,

about 20 feet.
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IO DTSV

ol the Anchor

send N8 Ceritividea californica, which is abundant, though

t. Probabiv the most characteristic

T

ERL SN O

Tl oW, LT

vt e . f . N YR
extremeny abundant, usually in reef-like pods,

sreds of the Medill sand fossit hed, hut is nearly absent

i

out by Woodring for the Overland Avenue locality

Fs R Rtaarmewaier aspects T most probably represents a

. Bosugaesiive of conditions similur 1o those existing todayv at
T I e o - “a by 1 ’
Newvort Lazoon, Orange ( ounty, Caltfornia, though probably warmer,

; D A i, Looki wowest betwee i ue and Medil! Place
en Anche \venue IS ]

Jove St . mer “hes
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Beds of Ostrea Lurida weathering

AGEAND COR

Awchor sttt The Anchor sih s assigned 1o

f

bave

of its faunal similurity 10 other formations in the Los Angeles

been dated as lower Pleistocene (Waoodring, Bramletie,

,.
nd New, toq0, pp.

Sextinet

98-99; Hoots, 1931, p. 1200, Only one of 1he species from the Anchor
{Crepidula princeps), and this is velated 1o a species of the R
(Crepidula. grandis).

About 85 per cent of the species from the Anchor s
from the Timms Point silt at Sau Pedro (Arnold, 1003: Cla
1929 and Woodring, Bramlette, and Kew. 101, The differences

I G representing

aveen

two faunas appear to be those due 1o depth, the Timms
deeper water,

About 83 per cent of the Anchor silU species are also reported from the s:
Pedro sand (Arnold, rgoz: Clark, wo31; C
Woodring, Bramleue, and Kew, 1040). The differences he
to bottom sediment, Mud- and silt~chwelling pelecypods, Thracia tre pegaides and

rickmay, 1020; Delong, oy and

OS¢y nore ,,_f;m

Nk

toare not repo

Pandora grandis, common in the Anchor

Pedro sand. The inferred depths of the faunas of the two Jors
the same, but possibly the Anchor silt fauna represents cooler

Hoots (1031, p. 120) reports lower Pleistocene marine
the Sunta Monica Mo

focalities in the southern piedmont ol
northwest of the Castle Heights area (Figo v, Map Ad According 1o Waoadring
{(Woodring, Bramlette, and Kew, 1940, p. 104) these cool-water funas sugzest
“the Lomita and Timms Point and also parts of the San Pedro sand.” This INHLE
gestion™ may be extended to include the Anchor silt of the Chevioy Hiils,

Lower Pleistocene deposits have been mapped in the Baldwin Hills £ Wouod-
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ough no faunal lists have

Lo Woodring, ro3s, PLo2) and,

1
ublished, smu! assemblages from localities in this area are in the

ons of the Universiny of Cadifornia, Los Angeles. A cursory examination
imilarity to the Anchor silt both faunally

wologically. Ticle 71920, p. 061 mentions a cold-water fauna from Trench

of this material served to establish its

1o of the Los Angeles Outlall Sewer dug in 1924 along the north border of the
Baldwin Hills, No faunal list was included, but mention is made of mtcnmow “now
fimited 1o dircumboreal waiers.” This fauna was correlated with that of the
Timms Poing sih, and dated as upper Pliocene in accordance with Arnold’s
1903 designation of this formation. Presumably the fauna from the outfall
trench s Jower Pleistceene, and is perhaps the equivalent of the matedial in the
collections of the University of California, Los Angeles. These Baldwin Hills
ocalities are 3 miles southeast of the Castle Heigi
Inglewood fault zone,

(s area along the Newport-

Meditl sand. The Medit] sand, z=d the Overland Avenue locality as well,
are believed 1o be ol upper Pleistocene age on the basis of their EZB..EEE_.
aspect, seemingly tvpical of as
Angel

signed upper Pleisiocene deposits in the Los
hasin.

The Anchor siit is o

anneled and plled with the coarse sand and gravel of
Mrc Medill sand. The two formations are separated by a noteworthy discon-
:5::..<.. The Anchor siit appears 1o have been upliited and eroded _E.E. to-the
deposivion of 1the Medill sand. The best expression of this is the buried topog-
raphy exposed along the west side of Krim Drive, This “topography” is a
.,.._,.zar':rc. “honeveombed,” hard, coneretionary structure which is 8 feet in
;:r:...:% and rises 13 feet above the general upper surface of the Anchor silt
M.,.?v_. E and 1. Fossil focality 3405, in the upper 6 inches of this “stack,” con-
m:.:,v, nve species, four of which are found elsewhere in the Anchor silt, and the
E,:r Huargarites Hrulatus, is a northern form known only from this locality
.f:.:n the lower flunks of the “stack.” silt containing .ﬁ.w:o:& m:a.ﬁ.m:.m:m o»“
J.T.:.i .f:,?.: silc fossils (1 34020 is overtain disconiormably by the coarse sand
and gravel of the Medill sand, This erosiona! feaiure Wis E:wm%s:,\ along or
the margin of the hay in which the Medil) sand fauna was :<:.E.. The ».M.wm:

e Medill sand is at the same elevation as the upper part of the “stack,”
floug . ar enough north to intersect this feature (Fig. ».v.
| Ewc:x:;w the edge of the bay was at o point between the (wo. The character

saenorthern end of the Meditl sand fossil bed, with the al { ; .

SRe, Ostrea lurida, sives indications of being at m« near :”e__.w”_.ﬁmmﬂwm.ﬂ%moww o
. w.,::: :zw assumed depositional environments of (he respective faunas mvﬂ.\mn-
e separation of aboui 200 feet is indicated between (he Ceposition of the upper-
oSt .,f,;,mc« silt and the deposition of the fossil bed in the Medill é:m~ m,r :
pusizion of the Castle Heights arci along the Newport-Inglewood y w:: mf._m
weounis tor the vertical movement and passibly accounts also for f_“?.m mvﬂ_:w
,.*.::c:na bedding iocaliy present in the ;..::._::..u.w:. However, (he _,;Z;L . .Lo
v be uttributed w submarine slumping, h SR
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All of the species from the Medill sand locality are living, and have been re-
ported from other Los Angeles basin upper Pleistocene deposits, The four species
reported from Hoots' locality 68 (1931, p. 122), and an additional six species as
well, were identificd from the Overland Avenue Jocality of this paper (1. 3439).

While the fauna of the Medill sund is (oo small for significant comparisons
with other upper Pleistocene deposits, the following localities In the Baldwin
Hills are worthy of mention. Tieje (19206, pp. 508, 510) refers to a warm-waler
“Palos Verdes” fauna from Trench 1o of the Los Angeles Outfall Sewer along the
north margin of the Baldwin Hills, He also mentions a correlutive of this unit in
Trench 6 along the northwest edge.of the Hills, To this latter unit he gave the
name of Centinela gravels. Faunal Hsts were not published for cither locality,
and Dendraster exentricus was the only {ossil mentioned,

A very large warm-water {auna {rom a locality in the northwest part of the
Baldwin Hills, and in what is undoubtedly the Centinela gravels, hive been de-
scribed by Willett (r937). The inferred habitat for this fauna is a sandy ocean
bottom at & depth of 1o—12 fathoms near the mouth of w bay. 1t is possible that
the Medill sand is a correlative of the Centinela gravel, but a definite statement
must await further study,

Fossin Locavrties
Department of Geology, University of California, Los Angeles

3304. Bufl silts.on W. side of Anchor Avenue, just above sidewalk level, About 300 it N. of Beverly-
wood St. Three mi. SE. of campus of University of California, Lox Angeles, Blev, 173 1t
Coll.: Peter Revlda, October, 1055.

3395, Buff silts in E.-iacing artificial cuts behind houses on W, side o Anchor Ave.; extending 500
ft. N. from Beverlvwood St., Los Angeles. Elev., o3 1t
Coll.: Peter Rodda and ], W. Valentine, May, 1034.

3300. Gray-bull sands exposed in Ii-facing artificial cuts between Anchor Ave, and Medill PL Fossils
in 1-ft, bed in upper half of cuts; extending N. about 300 ft., from Girlt War almost to Beverly-
wood St., Los Angeles. Elev,, 225 {t.

Coll.: Peter Rodda and J. W, Vaientine, Mav, og4.

3430. Coarse gray-buil sand on W, side of Overland Ave,, 1000 1108,
of hill just below crest. Fossils are in cut on N, skde of driveway at 523
Angeles. Elev,, 175 {t.

Coll.: Peter Rodda, October, 1455, ) )

3461, Bufl silt on W. side of strect at S, end of Anchor Ave, Fossil b t-2 1. below suriace of lot.

) Material taken from foundation excavation, and now covered by house. Three mi, SE. ol
campus of University of California, Los Angeles, Flev., o4 it
Coll.: Peter Rodda, October, 1055, ]

3402, Concretionary hufl silt on W. side of Kvim Dr, wbout 230 1. N ot Beverlywood St Seattered
fossils a few feet below coarse sand al base of concretioniary st . Los Angeles.
Elev,, 215 {t
Coll.: Peter Rodda, November, 1935.

3403. Concretionary “‘stack-like”” structure on W\ side of Ketm B
Fossils zre in upper 6 in. of “stack.” Los Angeles, Blev,, 223
Coll.: Peter Rodda, November, 1053.

National Bivd,, on 815, side
land Ave., Los

T;;....J;:::h St
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The Mississippian Madivon limestone reservoir rock in the Beaver Lodge 8

the Pleistocene at Signal Hill, v County,
0 No. 23, pp. 220-52.

I'he S Puenty Hills, and Los Angeles

o, N 260 pp., g1 pls. L

R OATY the Marine Fliocene and Pleistocene

: o Licgo Sac, Nat. Hist., Vol 1. 1036 pp.,

Lrions, N

i [icze N

orth Dakota, was studied to determine its litholowic character aned distrilution of the DOFOUS ZONCs
mestone i 1

¢ dolomitic limestone, Grains
:,,_.4._:%:1.,, wasantergranuiar but
decranad oy reerystallization and cementa-

iR

The reservoir is @ fine- to medium-grained fragmen
include fossil fragments, crvstal fragments, and feca!
later it wirs increased by solution and dolomitization
tion,

There are three major, separate, porous zones in ihe reservoir; cach zone contains ienticular
streaks of porous rock which form wn intertingering patic th interhe

r

AN

LIEN

ke that of ed sithdstone and
shale. Porosity, controlled by original texture, has been increased through delomitization by 3 to 3
Umes, Fracturing is most common in the fner parts of the rock, wnd the ircturing provides per-
meability connections between the porous lentils.
] "The mineralogy is similar to that found in moedern depositson the Bahama
S of deposition was probably similar.

The porosity puttern at Beaver Lodge Missixsippian limestone reservolr appears to be
to o sedimentary response to intermittent uplift . ng during Mississippian time,

Gon Lo the Range of Peclen canrings Gould ™ Nantilus, Vol. 54, pp.
LS g h

s : Monica Mountains, Los Angeles
SN Gedd Sareey Prof  Paper 1050 ppy, 83150, Plas 1034,
SN0zt Gemogie Map of Los Angues Basing, 1600 {nler. Geol. Congr.

ke the environment

o Pletsic ue partly

s dwsac, Peleed

INTRODUCTION

HYAG NN

b e D

pay ol the Marine Pleistocene Deposits of
N .u:\i_: Sunior University, ! ['he Beaver Lodge licld is located in Williams County in northwestern North
wthe Buldwin Hills ngeles County, '
N Now 30, pi. ~400, Pls, 2520,

Dakota. Lt was discovered by the Amerada Petroleum Corporation in 1931,
A.E: e ?_::.._.._ 1053, M.E_%_E of the Discoveries were in Devonian and Silurian carbonate rocks. Iowever, the shal-
‘_ ik _ ,., Lis .‘:.“_..,Mv__u.w%;.w__dra_mv‘. _HW:M:M & lower ./_.wwmmmm:%m:: Madison ‘:_:c.f,_c:c pay zone has been more ¢ ctensively de-

W s /MN ,, ‘ﬁ.w_,_\_..”.._\._\p,.c\_“ﬁ\w_ﬂ\‘.ccb., %m _E,uéo. c__w..” reloped in the Beaver Lodge field and .c::.? on the .>/cv,.1.c: anticline,
N Pk ol Tivlos Verdes The Madison was a new pay zone in a new provinee, and the petrology was
inadequately known when this study was begun in 1933, Most of the laboratory

Woanro

work was done then, but the project halied until the fall of 1936, when final

esented

compilations and analyses of data were made. A progress report wias pr
g (Towse, 1954).
g The pay zone in the Beaver Lodge Mudison pool is Himestone. In spite of

generally low permeability and porosity, the engineering data of Keplinger (1934)
indicate good reservoir continuity and oil recovery. Stratigraphic relationships
and the variations in rock petrography that affect reservoir characteristics of the
rock are discussed, Many beds in the Madison at Beaver Lodge, and ail of the

Ia)

hough oil

Madison in many places, are too dense for commereial production, al

! Manuscript received, April 20, 1037,

* Consulting geologist, Visiting Associate Professor of Geology, Universitv of ¢
Angeles,

Without the help of several individualsand organizations, thisstudy would have heen
Their help is acknowledged with thanks. K. W, Roth, Amerada Pewroleum Corporation, Wi
made the cores available and provided sampling facilities, W. . McCabe assisted in the sampli
Cross sections were compiled and plotted under ihe writer’s divection by W. W, Areson, 1,
A - Hansen, K. P. Haugen, and 15, R, Schmitz, then graduate students at the University of North Dakota,
* Travel expenses and thin sections were provided Ly the North Dakota Geologicad Survev, W, M,
; Laird, director. A, R. Denison, Amerada Petroleum Corporation, made the core analyses g
Drafting and tinaf manuscript preparation were provided by the Department of Geology, U
of Culifornia, Los Angeles. K. W, Roth and A, R, Denison kindly read the original »
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situration is present, Geologic reasons for these favorable and unfavorable poros-
ity-permeability refation=hips are presented, Other studies of this type should be
made in the district.

Stratigraphy. " Beaver Lodge Madison” is the legal name given to this pool
by the North Dukota State Industrial Commission, The regional stratigraphy
and correlation of the Madison rocks are heyond the scope of this paper. It is
generally agreed that the payv zone at Beaver Lodge is correlative with part of
the Mission Canyon [ormation in Montana, Where the section is better defined,
Mission Canvon lies below the limestone, dolemite, salt, and anhydrite of ‘the
Charles formation; it overlies the grayer fragmental limestones and shales of
the Lodgepole formation, ,

For local purposes in the field, the top of the Mission Canyon or **Madison’
is placed at the base of the lowest Charles salt. This is casily recognized in
samples and on mechanical well Jogs. This lithologic boundary, called the top of

s

the " Madison”

)

in this paper, is shown in Figure 1.

For structural mapping, a shaly layer just above the main porosity zone in
the tield, and easily recognized on gamma ray logs, is used as a marker bed, and
is called the top of the main porosity, or top of the “pay.”

In order 1o trace the individeal porous streaks from well to well, the “pay”

”

el is here divided into three “porous zones,” numbered from top to bottom,
o and 30 These zones are bounded by persistent beds of tight, fine-grained,
slightly shaly limestone that can be traced readily on mechanical logs.

Previous work.  Cox (1933) published the first brief description of the Beaver
Lodge Muadison reservoir. Sloss and Hamblin (1942), Nordquist (1953), Mc¢Cabe
(1054}, and Andrichuk (1955) have reporied on the regional stratigraphy of the
Madison in this and adjnining areas. Anderson (1954) and Anderson and Nelson
119367 published detuiled subsurface sections and correlations of the Mississippian
rocks in North Dukota. Keplinger (1954) made extensive studies of reservoir
performance in both the Beaver Lodue and Tioga pools.

No detailed data on the stratigraphy or petrography of the pay zone have
heretofore been published.

Procedure. Some of the wells in the rield were cored, but only a few were
cored completely through the pay section, Cores were studied for gross lithologic
Mechanical well Jogs of the intervals
cored were used ax @ puide, and descriptions of chip samples from most of the
wells are-readily availuble. The Amerada Petroleum Corporation’s State “A”
well No. 1 was cored continously through the pay. That core was sampled sys-
tematically and at every lithologic break, and tnhe samples were used for the
petrographic study.

character wand gross strucrural feature

Micrologs were run on most wells and gamma ray-neutron logs are available
for many wells, Micrologs, supplemented by gamma ray-neutron logs, were used
1o compile detailed cross sections of the porous intervals, Log interpretation was
hased on the core-sample information, Porosity determinations from the microlog
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ez The complete core of (1.

n of records including mechanic:]

and descriptions of other wells, and de-

core analysis of the complete core through the

ced and analyzed, significant factors were
¢ on the reservoir rock were described.

KESERVOA CHARANCTERISTICS

Perragraphy, porosity, and gamma ray log are summarized

prapiically for & complete section of the pay zone in Figure 2. Modal grain sizc
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of the fragments was measured on thin sections with a calibrated microscope
ocular.

These rocks are composed of calcite fragments with inmterstitiai crvstaliine
calcite or dolomite. The chart shows the per cent of the rock composed of frag-
ments. The remainder of the rock in each case is interstitial crvstalline material,
Per cent delomite is reported from thin-section analvsis and copper nitrate stain
and is estimated to the nearest 1o per ceni. The mineral composition of the
fragments is shown by bar graphs.

Megascopically, the Madison pay zone is a fine- to medium-grained nale 1o
raedium brown fragmental limestone, There is some crystaliine struciure visible,
The coarser and more porous sections are lighter colored and have a somewhat
sugary texture. The finer and better cemented sections, however. are
look more crystalline. More detail is apparent with microsco;
analysis.

The rocks have a generally vell sorted fragmental rexture = v
amounts of interstitial mineral cement. The grains include mono- and mulii-
crystal skeletal fragments and non-skeletal grains, Modal grain size ranves from
0.08 to about 0.55 mm., but most of the grains are in the 0.2 10 0.5r range.
This places them in the medium-grained class of Krumbein and Sloss 71951, 1.
86), and it corresponds with the fine- and medium-grained sund of the Went-
worth scale. The finest-grained sections have a microbreccia texture ¢ Krvnine,
1948) like some siltstones. The Madisor pay is a fossiliferons-frazmental lime-
stone according to the classification of Krumbein and Sioss (1031, p. 1331,

All of the samples examined contain some dolomite. Dolomite content ranges
from less than 5 per cent to 30 or 55 per cent. The lower part of porous zone 3
and the section below that zone have consistently less dolomite than the rest of
the section. Dolomite content varies widely elsewhere in the section. Except
for one instance, dolomite content was either 10 per cent or less, or it was near
so per cent. Intermediate grades were absent. The low dolomite rocks are lime-
stones or magnesian limestones, whereas the rocks with higher dolomite content
are dolomitic limestone, according to the classification of Pettijohn (1949, p.
290). None of the section can be classified as the rocks dolomite or calcitic dolo-
mite.

Mineralogy of fragments.— Three iypes of detrital caleite grains are commonly
present: polycrystalline fossi) ragments, monocryvstalline fossil {razments
dark fine-grained non-skeletal grains.

The polycrystalline fossil fragments are the smallest part of the rock, These
grains include foraminifera, ostracods, fruzments of hryozouns, and scraps and
shards of brachiopod and mollusk shells.

Many fragments arc composed of one crystal,
crinoidal fragments, but due to the small size many are not positively identified.
Most are probably from echinoderms. The crystal fragments &
give a crystalline appearance to some hand specimens of

and

Some of these are identinable

oeavege faces

nmestone. The
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prains are generadiy Hntcoored

ey ety wuere they are S::i or

e

sitered wiong the grain boundaries, The mopscevsulline ragments 4re an m-
rous zone o where they are c.n:u:v. only

voriant part of the revh e

*1

320 per cent of ihe T
T n-shelital el MGl COMMOT of e fragment Lypes. :.5,
re dark, very dine of . thew & i cundea or botryoidal.

cand a few have frag-
assified in hand
They might be
stone deposit, Becuuse of the
Clastie matrix material found

1! [
T B

Some of

. ¢
SODGe Ccontain snan

ke probably of organi

- « o N TR
NS L) SOCHR

SpeCians 4l

Z-

Sty graing, b i1 '> more Yikeiy that the grains

s hetwees

¢ Madison puy zone. These grains re-
¢ (1934 from the Babama Bank
by Goodman

veese formed during the depositg

te deseribeg Ly

el

‘1945 from Mississippian

pooNi

were daiw euse
_.h..,“__n.f Aiberia

sientnl materinl consisis of either very fine-grained slighty
< of silt size, fine-grained crysials, or conrse crystals, The

wholly or paztly replaced by dolomite. All gradations

W

Lotwern the throe 1y pes are Grva:.ri. and 1he sequence of formation seems to be
s folioars: fine detrtus, 16e Crysliis, course crystals. Some of the rocks consist
s crystalline matrix.
These must groe have had a iu.f.:s matrix that has since been recrystallized, In

of separate horger fragments apparently CQoating’ in o conr
i S R

B

more Hne=grained rocks the reervstatlization process has not been completed,
are have been retained. The original fine

mutriy material anneors identical with the material in the rounded non-skeletal

and some of the origingt porosity and i

LT,

Replacement. - Many of the larger fragments are ctched and corroded around
thelr boundaries and recrvstallized in continuity with the matrix. Some grains
invade uther grains on conticl points, fke the solution and recrystallization of
nuartz grains undes

Dolomite form Uhe e matriy as very small euhedral grains and
ardins. Some small dolomite crystals form along,
dojomite has replaced larze arcas of the matrix
Lo doiomite content js large. In general, the
doiomitization seems 1o have been guided along streaks of original permeability

Ny the horders o

.»..»

‘ H

suelite seams In

s vhe borders of vrans, and

’

i course fragmential . alonyg gruin bhoundaries, or on stylolite seams.
DGiomite is dess cotimeit i the very Due-grained, poorly surted rocks that were

Lhuse rocks diagenesis has been the corrosion of the
farger wradis and recrvstallizaton of the fine caleite matnx.

:.JRN IR S A T

One i sorted hinestone had Javers of very fine- and medium-
friy very ime frugments are replaced by dolomite; the coarser

GiVHE, 4T

abably due to the large surfuce area subject 10 alteration,

BIAVER LODGE MalsaN ool 1459
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fossil parts. Alatrix is ::_2.::_,7 recry sty
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CL Lt browen Jine- Lo nied Bson crained
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fragments, Al fragme
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vured by other differences, but it may he
vely work on.the finest-grained fragments
ise conrser and more permeable part of the rock.
e~ examined are mostiy carbonate minerals,
o small amount of fine ¢lay in the finer-grained
smull amounts of anhivdrite are found in (he
~ection, Sloss and Hamblin (1942) fonnd that the
ha ' a very small insoluble content, This differen-
e underiving shaly and cherty Lodgepole forma-
ton, Their insolubic resicues from Montana were similar (o those in the Reaver
_\.x_r& Madison,

MORT CUses

expecied that re .

first when they ar-

(liter minerai:

The most commao:

parts of the rock. v -
upper part of the o

Mission Canyon i

tlates Mission (i

Loresc In hand specimens there

& suggestion o intergranular porosity
in the softer samp!

s and there wre some tine pinpoint nores. The finer-grained
and more crystaliine <umples ¢how ne visible porosity. A

In thin section three types of small pores are visible. The most common type -

w;. pore is a fine irreaular channel along ¢rain hboundaries. That type of porosity
is A.WVBSC:_,‘ found in the finer mautrin where the matrix is not completely E‘v\m.-
tailized. Areas that wre partly dolomite usually have fine intergranular _EEm:.

along the boundarics of the small dolomite crystals. Tf E.G,‘_\vi;.,‘»:msm:c: is com-
H.;ﬁn.. the fine boundary pores ure filled. Some larger intergranular pores are
found at the edees of and between the | lrger grains where the matrix is :cr.:w
crystailized.

:F. second type of poreis o lirger tvpe of intergranuar pore, and megascopi-
cally i #.:;:.; he classitied as fine pinpoint porosity, These pores are usually ?:.M_ 4
Imed with fine crystals leite or dolomite and are the remnants ow.
ra::.‘.ﬂ._ the furger gruins, Some of 1 he pores may he due o
Foomizinal matrix material. Some that are in dolomitic
arged during dolomite recrysiallization,

Dore s o m::r: ??.ncr:. narrow void along small fractures
; arger grains. Some of these are partly lined

v irscrures have heen filled by later coarse crystalline

of enier

original larges spaces

solution of pare of ¢

pratches me 1y have
The third type
and stvlolitic contacts he

wen

with %L:E:n Crysta
calcite.
These pores form

sAystem o nre
of texture or struciure. Ihose pores W:
and more open and ;
pores in the fine-ur:
cause-und-effect reis
crysiaflization incre;

dolomitization s oy

s some povosity in rock of all types

*he coarser portions, however, are larger
er e .:_::J. then the fine intergranular

sthe manriy There is no simple direct
! . i
< porosity, but the dolomite re-

Together with e
nsest parts of the rock,

:.532?:3. system.
ymang hes heen divided here into
roughon the field by Cectric and

these systems of pore .o ST
Distribution of turiciie ¢

three zones. The 2,

s the Siner-arained parts of the rock if -
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gamma ray logs as shown in the correlation section Figure 1. Each zone contains
a group of porous streaks and is separated from the adjacent zones v more dense
layers. Although these zones are separated z~1u-n«“_wv_,_A.h:_v.. pressure data prove
connection in the reservoir. Wells are completed by perforations through casing
in any of the zones or in any combination of two zones.

The porous zones are cach 3050 feet thick, but the porosity within cach zone
is irregular and in streaks. Upper zone 1 is generally more porous and has greater
net porous section than the two lower zones. The upper zone his 20-33 feet of
net porous thickness. Much of the lower zones have less than 1o feet of porous
section, and porous thickness rarely amounts to more than 20 feet. The net
porous thickness in selected cross sec tions is shown in Firzure 30 and Figure gis a
detailed section of the porous streaks in cross section 2 across the middle of the
field. The porous intervals thicken and thin. and they interfinger with the dense,
less porous streaks. ‘I'he pattern is similar o that found in irreguiarly hedded
sandstone and shale deposits.

The cross sections were preparcd Lo study the distribution of poroxity and the
{o structural position. There is some thickening of

relation of porous thickness

net porosity near the anticlinal axix, but in many places the porous seetion
abruptly thins hear the anticlinal crest. Because the structure is very Jow, it is
probable that the folding is a very smull factor in producing sedimentological
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effects. If the present porosity is partly a function of dastic texture, the sorting
variations and the crosional thinning to be expected at the 1op of @ bur of shell
debris could cause the porosity pattern, Solution cfiects wouald probably be
similar. In either case, the bar or mound would have 1o have been on the present

INTERVALS

«
=
>

anticlinal crest.

Analysis of petrographic and porosity data.  Petrographic and porosity data
from one complete core in the pay zone are shown graphic
Variables that were measured were modal grain size, per cent o
cent of dolomite, mincralogy of fragments, porosity, and
variables that could be measured are sorting, calcium-magnesin
insoluble residue. Many other variables, some of them unmensu
also be listed.

Value of the measured variables wus determined by environme

TSN

LMy

nE N
FCADUS

PROCUCING INTERVALS

FERFORATE

l

TEN
Sr Ay

tion, materials available, penccontemporancous solution wand recry=ia
and later diagenesis, In order to find the relation of these measured varinbies
to the rock porosity, cach was compared in turn with the other variabies and with
rock porosity. In order to determine which were the dependent and independem

ariables in the funciion determining porosity, and which had no bearing on

al

porosity but were a function of time of deposition, comparison and pilotting of

PY vERT:CEL
s MIE HORIZOUTAL

oo
roe or Ay

6

many combinations were necessary.

Both the type of fragment and the amount of dolomite vary vertically:
they are a function of time of deposition. The type of fragment has no direct
relation to porosity, but it has an indircct relation o porosity through gran
aize. Fine matrix material is more abundant where the content of tine-grtined

Tecal Petlets s arge T Dolgimite isTdirectlyrelated - to the amount-of povosity.-Of -
the simple variables, the proportion of fragments in the rock has the most direct
relation to porosity. The secondary crystalline cement, which i< rhe complement
of fragment content, directly reduces porosity.

The relations between the various variables are summarized in

o

a2
I"1¢

v At P —
&

feure 3 and
as follows,

1. Grain size vs, per cent fragntents.  "Ihe number of samples with
per cent fragments is independent of grain size. The proportion of sumples with
greater than 735 per cent fragments is greatest in rocks with grain size less than o,

ssihan 53

mm.
2. Grain size vs. dolomite conleni.  Most dolomite is found in 1

grain size less than ¢.z mm.; the east is found in rocks with grains from 0.2

vocks with

0.4 mm.
3. Grain size ¢
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porosity. The rocks in the 0.3 0.0 mm. classes are slightly

DM
)

. but size wis not

* ~ . R
i ! - more porous. The greatest porosity is in the o1 -0.2 mm.
v the important factor; amount of fragments was,

v 4. Delomite content vs. porosity.  Porosity increases sitzhuy with dolomiie
: ' 3 content.
4 ‘ . ) 5. Lragment confent ws. porosity.  Porosity increased sharply with increased
3 - m fragment content,
b5 : R . N
oo T
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Porosity is a function of the fragment content, dolomite content, and in part
the grain size. If the product of grain size multiplied by per cent fragments be
plotted against the logarithm of porosity, two nearly straight line plots could be
made from the data (Fig. 5). One line connects the samples containing less than
25 per cent dolomite, and one connects the samples with more than 25 per cent
m.omo‘.::a. .g.rm logarithm of porosity increases directly with the product of grain
size wzm fragment content. Rocks with more than 25 per cent dolomite have
3-35 times .:E porosity of similar rocks with less than 25 per cent dolomite. There
is not a A_:,mn.ﬁ linear relationship between dolomite and porosity, but the 3:1 or
511 increase in porosity is apparent in all samples with dolomite content above

25 per cent, Dolomite content below 25 per cent has no significant effect on
JOrosily.

—
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The curves are accurate only for the samples analyzed, but the general rela-
tionships could probably be extrapolated qualitatively to other similar limestone
and dolomitic limestone rocks. The data are incomplete for this study, in tha
no intermediate or high grades of dolomite content are found in the rocks ex-
amined.

The coarsest-grained rocks had the least porosity; this was probably due to
more complete recrystallization of the matrix and to flling of intergranular voids,
The maximum porosity in the rocks with fragments from o.1 10 0.2 mm. is prob-
ably due to incomplete crystallization and the retention of intergranular pores.

Fractures.—Vertical fraciures and some horizontal fractures are common in
cores of the pay zone. These are reported in routine core descriptions and logs,
It can be seen on inspection of cores that the finer-grained, more dense rocks
are fractured, whereas the coarser, more porous rocks are not. Of the samples
measured for grain size, 100 per cent of those below o.2 mm., 50 pur cent between
0.2 and 0.4 mm., and 20 per cent between 0.4 and 0.6 mm. were fractured. The
rocks above o.2 mm. in grain size were reported as only slightly fractured.

The finer rocks are probably more brittle due ta more complete interlocking
ot the finer fragments, The tendency of the dense rocks 1o fracture must help to
provide pressure and fluid communication through the normally impermeuble
layers between the porous and permeable streaks. Some of the wider fractures
are filled or partly filled with caleite crystals, This proves that they were present
naturally and were not induced by the drilling and coring process.

The composition of fluids in the Beaver Lodge Madison reservoir is shown in
the following analyses supplied by the Amerada Petroleum Corporation.

CoMPOsITION 0OF RESERVOIR FLUIDS— BEAVER Lobar Manisox RVOIR
(Analysis supplied by the Amerada Petroleum Corporation)

Oil Gravity, 43° APL

Sulphur, 0.24%: Pour point: —60°T.

Gas Water

M. % PALL

A\.Or_ u.mw 1 100,482
H,S 2.27 SOy 370
o 73.77 COy )
A.....L. 20,35 »/m—. K 0o, 4
Cs 0.00 Ca 13,300
Total solids 104.000

(by evaporiation)

SUMMARY

Porosity in the Beaver Lodge Madison reservoir varies according to grain
size, amount of mineral cement, and amount of dolomite. The last two factors
are dependent on original sorting hecause recrystallization and dolomitization
occur along original porous and permeable zones.

Sorting and grain size were established by sedimentary processes during
deposition. .

r




2500 DONALD TOWSE

The Madison reservair is a clastic rock, andd the pattern of interfingering of
the' porous {coarser, better sorted rocks) and the non-porous (finer, less well
sorted rocks) is simitar (o the pattern typical of sandstone bodies.

Cross sections of net porous thickness in the various intervals suggest struc-
tural control of the porosity in cuch locality. The cross sections show either a
slight thickening or an abrupt thinning of net porous thickness on the anticlinal
crest. Other evidence cited by Mcabe (rg54) points to a history of intermittent
uplift of the Beaver Lodge anticline. The changes in porosity may reflect slight
differences in texture due to shoaling conditions during deposition of the lime-
stone.

The mixwure of fecal pellets, caleite silt, and mixed fossil fragments is similar -
to thatfound by Hling 11034 on the Bahama Banks. The Beaver Lodge Madison
mav have been devosited in a similar environment.,

The originud porosity in the clustic limestone was due to conditions of dep-
osition: i was lowered by cementation and increased by dolomitization. These
processes were probably active at or soon after deposition. No major unconform-
1y I8 present Lo suggest long subaerial solution.

The finer, tighter, more crystalline rocks tend to fracture more readily. The
iractures provide fuid and pressure communication between the porous beds,
and the reservoir acts as one poel.

The environment of formation of the fine-grained calcite siltstone may be
favorable for oil formation, hut coarser-grained clastic rock is necessary to pro-
vide a reservoir. Where coarser rocks are absent, tight, non-productive oil-stained
rocks are found. Distribuiion of porosity appears (o be local, whether it is pri-
mary porostty or is a combination of primary and secondary types. Local porous
ar

oceur throughout the pool even within a large arca of tight limestone.
Porosty and permeability appear commonly on structures that were rising during
deposition of the limestone,
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TGNACIO QUARTZITE OV SOUTHWESTERN COLORADO!
. H. T. RHODES' axp JAMES H. FISHER?
Swansca, Wales, and Fast Lansing, Michigan
ABSTRACT

The lgnacio quartzite of southwestern Colorado is relerred 1o the Late Cambrian or Early
Ordovician on the basis of the occurrence of oboloid brachiopods. This is contrary to the recent
conclusion of Barnes (1934). but in support of the age provisionally assizned by earlier workers, A
mujor unconformity occurs bevh cen the Ignacio and the overlying Elbert formation of Late Devonian
agge. The Ignacio was deposited on an eroded, essentially Precambrian terrane. It is suggested that
the rocks underlying the Tgnacio in the Animas Valley are not intrusive into the Ignacio formation.

INTRODUCTION

This paper is a preliminary report on the age and stratigraphic relations of
the Ignacio quartzite in the Animas River Valley, southwestern Colorado.

The Animas Valley is located in southwestern Colorado on the southern flank
of the San Juan Mountains (Fig. 1). The upper part of the valley trends north-
soutlr and exposes a section of strata ranging in age from Precambrian to Tertiary.
These strata dip gently south into the San Juan Basin.

PREVIOUS RESEARCH AND PRESENT PROBLEM

A number of workers, among them Cross and Howe (1go5), Cross (1910),
Cross and Larsen (1933), Bass {1944). Read e al. (1949), and Barnes (1934),
have contributed to the study of the regional stratigraphy of the older rocks of
southwestern Colorado.

The Ignacio quartzite has maximum thickness of 200 feet in the Animas
River Valley. It is somewhat variable in lithologic character and is underlain by
a complex series of granites, schists, and gneisses. The Ignzcio is overlain by the
Elbert formation, the contact between the two appearing to be transitional, with
no obvious evidence of any major stratigraphic hiatus. The Elbert has maximum
thickness of oo feet in the Animas Valley and consists of sandy, calcareous shales,
dense, dolomitic iimestores, and fine- to coarse-grained sandstones, The over-
lving Ouray limestone reaches a thickness of 70 feet and consists of siliceous,
Golomitic limestones with wubordinate interbedded calcareous shales and sand-
SLones,

Until recently, the generally accepted interpretation of this sequence was
that the Ignacio quartzite was deposited in Late Cambrian time on an erosional
surface of older, probably Precambrian, igneous and metamorphic rocks. The
Elbert was considered (o be of Late Devonian age, and was therefore believed to

' Manuseript received, June 12, 1957,

* University College of Swansea.

" Michigan State University.

The writers are indebted to the University of Illinois for a grant made rom the Research Fund of

the Graduate College which made this study possible, and to G. Arthur Cooper of the U. S. National
Museum for his generous halp with the identification of the brachiopods.
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be disconformably separated from the Ignacio by a hiatus representing Ordovi-
cian, Silurian, and Early and Media! Devonian &Bn. o

The first published use of the term Ignacio occurs in the rm 1:.,5 I o_._,c (Cross
and Spencer, 1899, p. 8), but in the later Engineer Mountajn Folio, Cross and
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Hole ‘10107 state that the Lenacio was tirst described in the Silverton Folio. This

original description - Cross e/ ol 10634, . 3) follows

the ‘ozote section in the Animas Vatley is made up of quartz-
ites. vitries i1 thickness, i1 the area thus far examined, from a few feet to 200 feet. In layers near
e middle of these quirtzites @ single generically determinable sbhell has been found. From the
stratigraphic relationships and the evidenee of this fossilitis assumed thatin this region the Cambrian
series of yuarizites belonging probably to its upper division, and
Vor quartzite is proposed, from the lakes in the Animas Valley

The lowest i

svstem s representert anly by at
] ¢ e e Ignacio forma

abon 18 mitdes west of south front Silverton, near which the formation is well exposed. . . .
The ondy fden

vertebrate vet obtained from the Tynacio beds was found on a
Mountain View Crest, in the Needle Mountains

of this fossil were found scattered through a hard,
quartzite above the mide the formation. which was theee 110 feet thick, Mr. Wolcott
as (el Tt s unable, from the material at hand, to determine its species.

Cross ef ¢f.,in the N

N

edle Mountains Folio (19esh, p. 8) stated:

The Folus wry
N

ter than the Paleozoic sedimentary rocks, for the Ignacio quartzite, of
whrian ave. s found T rest unconformabdy on the granite.

N ;

Cross e ¢l in the Silverton Folio {wgesa. p. 1) added:

cio] conformabiv are thin limestones and shaly strata, the atter
st ervstals, with a tota!d thickness of less thian roo feet. These beds
natien and are assigned o the apper part of the Devonian, on
cemains. ... In the Uncompahgre Valley near Ouray the Ignacio
 Formation s not evervwhere present, and at certain localities
cnlrany wiacio is absent, These facts show that the sceming conformity in
on the stopes of the Needle Mounting is misleading and that there is a stratigraphic
e between the Tenacio and Eibert formatio

dais

as the I

Read e/l c1og9r and Barnes (193540 have suggested that the Ignacio may

represent the basal trimsgressive phase of a single marine invasion, of which the

1 . Ve . N - - M ¥
Libert represents o latee, but continuously successive phase. Barnes (19354, p.

rys2: stated o

OWs,

Iioan essen

fonad sequence the lgnacio quartzite with its lenses of conglomer-
weriad deposited in s fittoral environment, the Ouray limestone
and chemical materials laid down in guict water relatively far

Rarnes based this interpretation on the following criteria,

1o The seanty ™ Hossil evidence for the Cambrian age assigned o the Ignacio.
2o Thep
base of the Ribert formution. Field reintions suggesied 1o him that these beds of

sandstone

W Guartzdie miznn well belong o the uppermost part of the Ignacio

quurtzite instead of

tie lowermost part of the Elbert formation.

i .@.Z regional variation in Chickness and lithologic character of the Ignacio
artzite an Fibert formation was regarded as supporting the idea that these
formations were part of one depositionai sequence, and were both of Late Devo-

nian age.
wosouthern flunk of the San Juan Mountains, the
rusionin suriace of foliated metamorphic and igneous

ewever, Burnes considered the Ignacio to have been

resence o Devonian fossils in beds of sandstone and quartzite at the

g M S e
i ;i 3 i ,% g . i i
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intruded by a “younger” non-foliated granite, which had previously been re-

garded as older than the gnacio, This interpretation was based on the recodni-
tion of small veinlets of “granitic material™ intrnded along joints and bedding
planes in the quartzite, the apparent absence of an crosional surface hetween the
two formations, and the chavacter of the quartzite at the contact. Barnes sug-
wier of the

gested that both the gross and the microscopic mineralogical cha

quartzite supported the suggestion that it had been intruded by o
T'he intrusions, according to this interpretation, were kurgely determined by the

¢ wranite.

hedding and jointing of the Tgnacio,

5. At one locality Barnes suggested that beds of quartzite had been partly

assimilated by the intruding granite.

STRATIGRAPHY © NACTO QU

The Jollowing seetion was measured at focality I iFig 1a roadeut on UL N,
Highway 550, 2.3 miles south of the summit of Coul bank Hiil, Fasineer Moun-
tain Quadrangle, Colorado, AU this point (N, 37° 4, W, 1e7” 47.5 0w small un-
named ‘creek intersects the highway at vight anglese The Tgnacio here bas o
strike and dip of N. 50° W., 12° SW. The base of the Frnacio is exposed along
the south bank of the creck.

Unit . Deseriplion Tirickiness
Peet)
ELperr Foryarion
26 Thinly and regularhy bedded, « v, hne grained o
ordinate interbedded shaies. Toward top of member, shale
abundant, and dolomites become more thickly bedded, the beds reaching m
mum thickness of 106, o0 oo ... .0
25 Interbedded shales and dolomites, the Jithelogic character b
of No. 26, In this unit, shales become more thickly hedded
reaching thickness of 23 in,), and dolomites hecome more thinly bedded
cur in much less quantity-than the shales. .. . .. 10.0

234 Thinly and somewhat irvegularly bedded shal dingrang
Lin weathering tan, but greenishy g when fresh, fnterbedded 1
beds of dark grayv lithographic dolomites in subordinate amounts
of section, where beds ]

range from @ to 6 in, in thickness; upwiu
mites predominate and hedding becomes more massive

Total Folbert formacton. . ..o ) . 60.0

TGNACIO QurarTZITE
23 Massively weathering quartzite with some subordinate

weup o 6o in

thickness., 3.0
22 White qua 0.3
21 Gray, shaly sandstone, medium-grained . c.;
20 Massively weathering quartzite with subor

in thickness visible in weathered Jacer w

17.0

10 0.5
Ih thin-bedde

stringers of white quartzite; tan to vo bedding visible on mas-

<I.m(.-r- AV .h:.:ﬁ:.L aee B Hoo
4 Green, sandy shale . . o2
16 Lenticulir, Hmonitic sandstone, with some Hesegang structa

contain small (3 in.) subrounded. quartz pebbles, This sandst

thickness and cuts out underiving quartzite. . . o z.o N0
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Thickness
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. 1.0
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Sy 1.0

= araihed, micac artzite; wethers wi
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identinal

¢ fossil previously re-

teh was tenta-
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toas Oholus.

RS THO3g P 17820, because

of any fossils collected

specimen,

¢ subsequent I
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SERLEEN

. e identineation of inartculate brachi-
coted Woncort's spocestion of 4 Cambriay

~= ¢

aze for the Tenacio, in favor

search of the Tenacio forma-
st Fhe ondy stratam which

ahove the base of the Torma-

nh HEL More than two Bundred inarticu-
PResery

ton,

have been collected from this

Comner Bias wiudic

t

f

these specimens and made the fol-
Mar

viatl
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tern Colori

2.+ Oholoid brachiopods from Tgnacio quartzite of southwe
Magnitweation approx. X

ambrian and Tower Ore

I have compared vour specimens with afl of our material from the (€
an which is generably regarded as being of the gonus Obolus.

The results of my comparisons of vour specimens with Cambrian and Ordovician oboloids are
cauivocal. 1 saw no species with which T eould identify vour specimens, but simikritic i
between vours and O, aueeps and O, don. The Tormer 1< adentitied in both Camb
Ordoviciin sediments; the Titter is identitied from the Mons, which is probably hasal Ordovic
Vour specimens, thus, T should say are cither v
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fo - display oo marked hiatus, un
ihe Fibert. Such retationships

O TONNCTO TO UNDEREVING ROCKS

the rocks underlying the Tgnacio dispiay three
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wzes of movement and cooling within the dike. It scems unlikely ﬁ.rma 50 per-
fect 4 crvaial could have developed as a metacryst within the quartzite mrnocn:
4 o Hie fuices as Barnes suggested. Petrographically these dikes are
. a1 Baker's Bridee. There is a considerable talus slope at

st Tunneio failed to disclose the presence of dikes in that forma-

Vhat the lenacio quarizite unconformably overlies the Archean

fas evident . .
Twitieht sranite, T is sugeested, in view of the evidence cited,

sorst und e ! . , :
shat the relation of the Txnacio quartzite to the granite in the Baker's Bridge area

i< alxo an unconformable one.
CONCLUSIONS
) i fusions of Barnes 24+, the carlier identification of the
Contriary 1o (e conciusions of Barnes (1g34;, the cariie i ]

Tercio ns Cambrian by Cross of al. “19e3za) is reaffirmed, with the reservation

o

thas ThRe Tanicio muy b of earhy-Ordovician age. Fossils-are cited-in-support-of-

this classitteation. There is @ major unconformity between the Ignacio and the
Late Devonian Elbert formation. No explanation is offered for the parallelism
of the bedding of the lenacio and the Elbert, nor for the seeming transition in
holoy between the two units. The Ignacio sea transgressed. in the Animas

Valley region, over an croded, weathered surfuce of granites, gneisses, and schists
t:._z::.,. Precambrian in age. The cranite at Baker's Bridge and at locality C,
which mav be Eolus, is pre-lgnacio and probably (hut not necessarily) Pre-
cambrian. There is an vnconformity between this granite and the Ignacio.
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CONTACT OF BURRO CANYON FORMATION WiTH DAKOTA
SANDSTONE, SLICK ROCK DISTRICT, COLORADO, AND
CORRELATION OF BURRO CANYON FORMATION!

GLEORGIE €. SINMON
wrand Junction, Colorado

ABSTRACT

Weathering of shales in the upper part of the Burro Canyon formation and the lower part of the
overlying Dakotr sundstone has made recognition of the disconformity hetween the fornations diffi-
cult in the Disappointment basin area of the Slick Rock district, San Miguct and Dolores counties,
Colorado. In licu of the basal conglomerate of the Dakota sandstone. which marks the contiet be-
tween the formations in the surrounding region, the presence of abundant cirbonaceous material in
shales of the Dakota sandstone differentiates them irom the green shales in the Burro Canyon forma-
tion. The contact of the two formations, where clearly exposed in Disappointment basin, is con-
formable, sharp, and not gradational.

Correlation of the Burro Canyon formation of western Colarado with the Cedar Mountain forma-
tion of central and castern Utah is substantiated by the discovery in the Burro Canyon formation
of two pelecypods, Proteftiptio douglassi and *Unio® farri, with the conifer, Frenciopsis carinns., The
pelecypods also oceur in the Kootenui-Cloverly favan of Montana and Wyoming, The Kootenai-
i formius

tion. The conifer also occurs in the Trinity group of Texas, The Trinity group contains the charophyte

Clavalor harrisi which s found in the Cedar Mountain fortaation.

INTRODUCTION

During the past two decades Lower Cretaceous sedimentary rocks have heen
recognized over a large part of the Colorado Plateau. Post-Morrison, pre-Dakota
rocks have long been recognized as a distinet ithologic unit in the region (Coffin,
1921, pp. 97-118), but for a number of years were believed 1o be Jurassic or Late
Cretaceous in age. Later, mapping aad the discovery of fossils led to the assign-
ment of an Early Cretaccous age. The first formation names applied 10 rocks of
probable Early Cretaceous age on the Colorado Plateau were Stokes' Buckhorn
conglomerate and Cedar Mountain shale (Stokes, 1944, Pp. 038, 903 67}, In
1952, Stokes (p. 1774) revised this to make the Buckhorn conglomerate the lower
member of the Cedar Mountain formation, The Cedar Mountain formation oc-
curs in central and eastern Utah. Stokes and Phoenix (1948) applied the name
Burro Canyon formation to rocks of the same siratigraphic position in western
(olorado.

This paper discusses the contact of the Burro Canyon formation with the
Dakota sandstone in the Slick Rock district, western San Mizuel and Dolores
counties, Colorado (Figs. 1 and 2), with special attention given (o its unasual
nature in the structural basin underlying the northwest end of Disappointment
Valley. 1n addition, fossil evidence is presented that substantiates the correla-
tion of the Burro Canyon formation with the Cedar Mountain formation.

FFor the past 3 years the U. S. Geological Survey on behalf of the Division of
Raw Materials of the U. S, Atomic Energy Commission has been making a de-

! Manuscript received, June 17, 1957, Publication authorized
Geological Survey.

Lt

2 United States Geological Survey.
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CORRELATION OF BURRO CANYON FORAMATION 252t
tailed study of the geology and uranium deposits in the Slick Rock district. This
report is an outgrowth of that study.

GENERAL CFOLOGY

The oldest rock unit exposed in the Slick Rock district is the Cutler formation
of Permian age. Rocks of Mesozoic age above the Cutler formation are, in as-
cending order: the Chinle formation and Wingate sandstone of Triassic age:
the Kayenta formation of Jurassic(?) age: the Navajo sandstone of Jurassic
and Jurassic(?) age; the Carmel formation, Entrada sandstone, Summerville
formation, Junction Creek sandstonc, and Salt Wash sandstone and Brushy
Basin shale members of the Morrison formation, all of Jurassic age: and the Burro
Canyon formation, Dakota sandstone, and Mancos shale of (‘retaceous age. The
Junction Creek sandstone is recognized in only the southeast part of the district,
The Navajo sandstone is locally absent on the axis of the Dolores anticline. All
other rock units are present throughout the district.

The dominant structural features of the district are the northwest-trending
Dolores anticline and the parallel Disappointment syncline 6 miles northeast.
The Disappointment syncline lies between the Dolores anticline and the col-
lapsed Gypsum Valley anticline which is farther northeast, outside of the dis-
trict (Fig, 2). Disappointment Valley coincides with most of the Disappointment
syncline. At the northeast end of the valley along the synclinal axis there is a
structural basin known as Disappointment basin (Fig. 2).

Most of the formations younger than the Wingate are thicker along the Dis-
appointment syncline than along the Dolores anticline. The thickening is most
noticeable in Disappointment basin where the post-Wingate, pre-Mancos sec-
tion is twice the thickness of the same section on the Dolores anticline (Fig. 3).
Within this stratigraphic interval the rock units that thicken most are the Navajo
sandstone, both members of the Morrison formation, and the Burro Canyon
formation.

BURRO CANYON FORMATION

The name, Burro Canyon formation, was proposed by Stokes and Phoenix
(1948) for:

... .a relatively thin sequence of rocks of probable Lower Cretaceous age lying between the
Morrison formation and the Dakota sandstone. It includes essentially the same rocks as those
designated “Post-McElmo™ by Coflin (1921). The type locality is in Burro Canvon, sec. 29. T. 44 N..
R. 1§ W. The formation consists of alternating conglomerate, sandstone, shale, limestone and chert
ranging from 150 to 260 feet in thickness. The sandstones and conglomerates are gray, vellow, and
brown, and the shales are varicolored, mainly purple and green, Assignment to the Lower Cretaceous
is mainly by analogy with surrounding regions and is tentative pending study of Tossil evidence. The
lower contact is atl the base of the lowest, resistant, light-colored, conglomeratic sandstone above
the varicolored Brushy Basin shale member of the Morrison; the upper boundary is pliced above the
highest varicolored beds so as to exclude any carbonaceous shales or sandstones in which plant
fragments are abundant. This contact has no topographic expression but is remarkably persistent and
usable over a wide area in and adjoining Gypsum Valley. The Burro Canyon formation shows a
slight thinning in passing over the crests of the Dolores anticline and the Gypsum v anticline;
this may indicate a slight upgrowth of these structures during the early Cretaceous.
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The lithology of the Burro Canyon formation at the type locality is not typical
of the formation throughout the Slick Rock district. In most places in the dis-
trict the Burro Canyon formation consists of one conglomeratic sandstone bed,
as much as 8o feet thick but in most places about 6o feet thick, which contains
a few thin greenish gray muadstone “splits.” Locally a few feet of greenish gray
mudstone occurs ahove the sandstoire. .

In and about Disappointment basin, the Burro Canyon formation is litho-
logically like that at the type locality (Fig. 2). The sandstones are more numerous
and thicker than they are away from the basin, and the formation includes green
shale and green and gray limestone and chert. The lower part of the formation
is dominantly gray to light brown conglomeratic sandsione with some shale,
and grades upward into a dominantly argillaceous sequence containing lime-
stone, chert, and sandstane. The upper sixth of the formation is almost entirely
green shale. A zgo0-foot-thick section was measured by Stokes (1952, p. 1773)
near the type locality. The masimum thickness of the Burro Canyon formation
m Disappointment basin is in excess of 300 feet, as indicated by exploratory
diamond drilling for the U. S. Geological Survey. )

Most sandstones in the Burro Canyon formation in the Slick Rock district
are conglomeratic, but particles larger than small pebbles are rare. In a few

Y A AT
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places thin layers of “basal conglomerate” in sandstone beds contain cobbles
and small boulders of sandstone, mudstone, limestone, and quarizite, Sandstone
units in the Burro Canyon formation are commonly 6o feet or more thick.
Weathering of sparse pyrite to limonite imparts a light bufl color to sandstones
of the Burro Canyon in most places.

The contact of the Burro Canyon formation with the underiving Brushy
Basin shale member of the Morrison formation is mapped, in the Slick Rock
district, at the base of a prominent sandstone unit which generally is in coniact
with shzte units of the Brushy Basin member. Although the contact is commonly
a disconformity marked by scours and sandstone filled channcels, the contact in
many other places is gradational, marked by intertonguing of sandstone of the
Burro Canyon with shale of the Brushy Basin. Also, in many places, thicker
sandstones near the base of the Brushy Basin shale member resemble sandstones
of the underlying Salt ‘Wash sandstone member whereas thicker sandstones near
the top of the Brushy Basin resemble sandstones of the overlying Burro Canyon
formation. These relations indicate that in the Slick Rock district deposition was
essentially continuous from Morrison (Late Jurassic) into Burro Canyon (Early
Cretaceous) time.

DAKOTA SANDSTONE

The term Dakota sandstone has been applied to rocks on the Colorado Pia-
teau that are similar in lithologic character and stratigraphic position to rocks of
the Dakota sandstone in the western Great Pluins, The Dukotn sandstone in
much of the Slick Rock district is like that of the surrounding region: o lower
sandstone unit with a basal conglomerate, intermediaic carbonareous shale unit,
and an upper sandstone unit.

The poorly exposed contact of the Dakota sandstone with rthe overlying
Mancos shale seems sharp, but carbonaceous sandstones similar 1o those of the
Dakota occur near the base of the Mancos shale, and the two formations may
interfinger. As shown in drill core, the contact of the Muncos and Dakota forma-
tion in Disappointment Valley is gradational within a few fect.

Except for the basal conglomerate in the Dakata sandstone. conglomerates
are rare in the formation in the Slick Rock district. Carbonaceous matevial is
abundant throughout most of the Dakota sandstone, though lovally it is absent,
particularly in the Jower sandstone unit. However, limonitic and siliceous plant
molds are common in the hasal conglomerate. Sandstone units in the Dakota are
generally less than 4o feet thick. Weathering of abundant pyrite in the Dakota
has imparted a yellowish brown color to the sandstones in most places.

Tn Disappointment basin the Dakota sandstone lucks the lower sandstone
unit. A section of Dakota sandstone from top to bottom, measured in Joe Davis
Canyon and in adjacent Disappointment Valley (SW. 3. 8c¢c. 28. T, 44 N, R,
18 W., Hamm Canyon Quadrangle, Colorado), is typical of the Dakota sand-
stone in Disappointment basin.
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CONTACT OF BUKRO CANYON FORMATION WITH DAKOTA SANDSTONE

. Several of the betrer criteria used to differentiate the Burro Canyon forma-
Wo: .:Ss the Dakota sandstone in the Slick Rock district are the foliowing. 1
owu__ plants ﬁi carbonaceous material are rare in the Burro Canyon formation
an apccsaE: in the Dakota sandstone. 2. Pyrite is more abundant in the Dakota
.y o - ar 1 N ) . .
san iomn than in the Burro Canyon f{ormation. Oxidation of the pyrite has
impa ellowis ¢ ] i .
ﬂ parte _w yellowish brown color o both formations, but, the color is more in
ense al- o S o . _ )
e :o in ﬂaz_u Dakota ,f.S_A_ZSF. 3. Shales of the Dakota sandstone are carbona
ous, and hence some shade of gray. The s { ,
; gray. The shales of the Burro Can f i
are greenish gray except for min Jnle and fare
; gray or occurrences of reddish br
: : X e own shale and rare
Mnn::o%gm of gray carbonaceous shales, 4. Conglomerates are common in the
;E.._,o p:%osh.oqrém:os, less common in the Dakota sandstone 5. Because of
thetr greater thickness, sandstones of e
. s, sands s of the Burro Canyon
T L y generally form more
vnc%w_:ni cliffs and hogbacks than the thinner sandstones of the W&SS
e N f .
e :nmo:.:._naﬁ cﬁ.,, een the Burro Canyon formation and the overlying Dakota
no_:, w S mvn:vem by Stokes, is marked by a disconformity. In tracing the
actinto New Mexico and Arizona, Craig and others (195 "
that the disconformity between the Burro ¢ D ) e note
mity ro Canvon and Dak
. . . : i akota becomes an
ﬂ n lar s‘qo:m.onm,:.,\ and pre-Dakota warping and erosion have removed Lower
Ao‘ﬂmrno:w and Upper and Lower Jurassic rocks "
e contact between the two f i N
e : ormations hg 2SCTi ;
P- 311) in the nearby Mt. Peale No. 1 Ocm%}.—m%omﬁ;cwﬁ:saa Sl
) No. angle, Utah and Colorado, as
)
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... extremely undulatory . .. Broad channels filled with conglomerate of the Dakotw have been
observed in contact with light-green mudstone, limestone, and chert of the Burre Canyon formation,
and, in many places with the thick sandstone and conglomerate lenses which comprises. the basal
unit of the Burro Canyon. Included in the basal unit of the Dakota are sngular and subangular frag-
ments of rack from-the beds through which the channels have been scoured. .

Over most of the Slick Rock district too, the Burro Canyon formation und
Dakota sandstone are separated by a disconformity; tnat is, the contact is
slightly irregular and is marked by channel scours. In the scours the basal con-
glomerate of the Dakota contains cobbles and slabs of sandstone of the Burro
Canyon. The sandstone of the Burro Canyon in places is bleached 1o as much as
3 feet below the disconformity; this may represent pre-Dakota w athering on a
surface of the Burro Canyon formation.

Toward Disappointment basin the contact becomes more conformable with
relatively few and shallow scours. Tn this peripheral area the Burro Canyon for-
mation thickens and the lower arenaceous unit of the Dakota sandstone becomes

shaly and loses its identity.

In Disappointment basin the contact of the Burro Canyon with the Dakota
is apparently conformable. The lower sundstone unit of the Dakota sandstone is
ast be determined by the presence of carbonaceous
rmaterial in the shale of the Dakota sandstone and by a silty chert marker bed

near the top of the Burro Canyon formation. The latter is 1-5 feet thick and is

overlain by as much as 12 feet of greenish gray, carbon-free shale of the Burro
ppointment basin are not

Canyon formation. Exposures of the contact in Disa

cathering of shales above and below the contact, However,
contact of carhonaceous shales of the Dakota with
and not gradational.

absent, and the contact m

common, because of w
at all exposures found, the
green shales of the Burro Canyon is conformable, sharp,

FOSSIL LVIDENCE FOR AGE OF BURRO CANYON FORMATION

Burro Canyon formatien by Stokes in T, 43

Fossils were collected from the
ast of the junction of Disappoiniment

N., R. 18 W., about 3 mile east-southe
Creek with the Dolores River, in the Slick Rock district (Fig. 2). The collection
includes ganoid fish scales, fresh-water ostracods, and plant fragments. The
plant fragments were identified by Brown (Stokes, 1952, p. 1767) as Frenclopsis
varians. Brown (1950, p. 50) regards Frenelopsis varians as an Eurly Cretaceous
index fossil because neither it nor any of its close

side strata of Early Cretaceous age.

In November, 1935, the writer and D. R,
locality, found a new fossil locality al approximately
days later the site was revisited with L. C. Craig and others, and a large collection
of fossils was made. The locality (Fig. 2) is in the NE. 1, N1 1 NE. L Sec. 11,
T. 43 N., R. 18 W,, San Miguel County, Colorado, in the Hamm Canyon Quad-
rangle, 1,000 feet south of Disappointment Creek in a wash indicated as an in-
termittent stream on the quadrangle map. The wash enters 1

relatives has been found out-

Shawe, while looking for Stokes
the same horizon. A few

Ysappointment Creek
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on its south side, and the mouth of the wash is 6,000 feet from the junction of
Dizappointment Creek with the Dolores River.

The fossils occur in a 1o-foot zone of interbedded black to green shale, green
siltstone, and fine-grained sandstone, The top of the interval is 18 feet below the
top of the Burro Canyon formation. The following fossils have been identified:
Protelliptio douglassi Stanton; “Cuio” farri Stanton; .ﬁ.v?:S:E.n asinaria
Reeside (in press); Nippononaia sp. (in press); viviparid gastropod; Cypridea?;
Dareinnla? ; ganoid fish scales; Frendopsis varians Fontaine: Pinus SUSGUACHSTS
Dawson; and fern pinnules, o

The mollusca were identitied by J. B. Reeside. Jr. (written communication,
1050), who states:

This assemblage, like most nonmarine faunas, contains many individuals of a few species. Itis
only moderately well preserved. but can be determined with considerable confidence. The ¢ ow species
ix unlike anything 1 have seen in the older fuwunas.

According to J. B. Reeside, Jr. (written communication, 1950), the pelecypods
are all unioid types. Protelliptio donglassi and *Cnio™ Jarri are well known and
widespread Early Cretaceous (Aptian) species in the faunas of the Kootenai and
Cloverly formations in Montana and Wyoming (Henderson, 1935 pp. 25, 76;
Yen, 1949, p. 466: Yen, 1051, pp. 31, The new species belongs (o Nippononaia,
an Karly Cretaceous genus of Japan and Korea (written communication from
J. B. Reeside, Jr., 1950;.

The ostracods, Cypridea? and Darwinula? were cxamined by I. (i, Sohn
fwritten communication, 19365 who states

The ostracodes are fairly common, but unfortunately, the preservation is such that they cannot
be identified with any degree of certainty, Groxs form suggests the geners 1o which they are referrved
with a great deal of uncertainty,

The plant material was examined by R. W, Brown who found Frenelopsis
carians 1o be abundant Frenelopsis tarians has been described from the Trinity
group of Texas (Fontaine, 1893, p. 2537. Only one specimen of Pinus sSusquaens’
was found,

1

The age of botl. Stokes' collection and the present collection js certain]
Larly Cretaccous. However, no fossil evidence has been found 1o determine the
age of the sandstone beds that form the lower part of the Burro Canyon formation
in Disappointment basin and most of the formation away from the basin. There-
fore. the sandstone beds may theoretivally be Late Jurassic age or Early Cre-
taceous in age, or hoth,

FOSSIL EVIDENCE FOR AGE OF CEDAK MOUNTAIN FORMATION

Stokes (1944, p. 9b7) was the first to report fossils from the Cedar Mountain
formation. The fossils were non-diagnostic dinosaut hone fragments from the
upper or shale member of the formation. More recently collections have been

made from 1wo localities in the shale member, both yielding Early Cretaceous
fossils, .
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The fiest of the two localities is about 6 miles southeust of Castle Dale, Utah,
and is in Sec. 20, T. 19 S., R. ¢ K. The collection, made by Katich (1931), in-
cluded: the fresh-water pelecypod, Zupera onestae (Mclearn): the fern, Temp-
skya sp.; and abundant unidentilied ostracods. Cobban (in Katich, 1931, p.
2004) notes fupera onestae (of Aplian agej as common in the Kootenai formation
of northern Montana and southern Alberta. Stokes later coliceted from the same
locality, adding ganoid fish scales 1o the list of fossils, Stokes also collecied speci-
{in Stokes,
1952, P. 1709) as Tempskya minor Read and Brown. Pempskva minor is known
from the Aspen shale of Wyoming and cquivalent parts of the Wavan formation
in Idaho,

The second locality is in See., 22, . 22 20 . on the southwest fank
of the Salt Valley anticline, Grand County, Utah. The site was discovered by
Stokes who collected gastropods, pelecypods, and microfossit material. Stokes
referred the microfossil maierial 1o Peck (Stokes, 1952, p. 17685, who identified
three ostracod species: Metacypris angudaris, Cypridea of C.brevicornis, Cypridea

mens of Tempskya sp, which were tentatively identified by Andrew

wyomingensis; and the charophyie, Clavator harrisi. In regard to these fossils
Peck states;

Mbof these are common Tossils in the Gannety sroup, the Cloverly of no
and the limestones in the upper Kootenai of Montana, Clavator furrisi A
the Gulf const. None of these species accurs in the Morrison of the Front | astern
Wyoming, orin the Black Hills, Their occurrence is an excellent indicition of the Lower Cretaccous
age of the formation,

In view of the identifications, an Farly Cretaceous age scems assured for the
shale member of the Cedar Mountain formation. No fossil evidence has been
found to establish the age of Stokes' Buckhorn conglomerate member of the
Cedar Mountain. Like the age of the thick sandstone units of the Burro Canyon

formation, the age of Stokes' Buckhorn conglomerate memher theoretics

y
may be Late Jurassic or Early Cretaceous, or hoth,

CORRELATION OF BURKO CANYON FORMATION WITH)
CEDAR MOU?

UAIN FORMATION

n.c__ﬁ..:wc:z of fossils from the upper part of the Burro Canvon formation in
Disappointment basin and from the shale member of the Cedar Mountain for-
mation have been determined to be of I 1y Cretaceous age. As yet, collections
have not shown any species common 1o haih formations. However, hoth forma-
tions have species found together in other Lower Cretaceous rock units, Table |
lists the index fossils used to correlate the Burro Canyon formation with the
Cedar Mountain formation, and also lists the rock units in which the fossils occur,

SUMMARY

Throughout most of the Slick Rock district the surro Canvon formation is
composed of a conglomeratic sandstone wbout o feet thick. o v with a few
feet of overlying green shale. In the same area the Dakoia swndsione is composed
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of three units: an upper sandstone unit, a middle carbonaceous shale unit, and a
lower sandstone unit with a basal conglomerate. The disconformable contact
between the formations is most readily recognized by the presence of the basal
conglomerate of the Dakota,

In Disappointment basin the upper part of the Burro Canyon formation is
composed largely of shale. In the same arca the lower part of the Dakota sand-
stone is also composed largely of shale, W cathering of the shales in the (wo forma-
tions has 2sulted in a poorly exposed contact. However, at favorable exposures
the contact is conformable, sharp, and not gradational. This determination is
made possible by the presence of carbonaceous material in the gray <hales of the
Dakuta sandstone and the absence of carbonaceous material in the greenish gray
shales of the Burro Canvon formation.

The correlation of the Burro Canyon formation with the Cedar Mountain
formation was contirmed through two analogies. 1. The Burro Canyon formation
was correlated with the Kootenai and Cloverly formations of XMMontana and
Wyoming by the pelecypods, Protelliptio dewglassi and “Uio™ farri. The Koo-
tenal and Cloverly formations contain the pelecypod, fupera onesiae, which is
found in the Cedar Mountain formation. 2. The Burro Canyon formation was
correlated with the Trinity group of Texas by the plany, Frenelopsis varians.
The Trinity group contains the charophyte, Clavalor harrisi, which is also found
in the Cedar Mountain formation.
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are widely distributed in North America. Other formations which are wholly or
partly equivalent in age to the Boone formation include: the Osage formation of
southern Illinois; the group consisting of the Keokuk, Burlington, and Fern Gler
limestones of Missouri and Illinois: the Fort Payne chert of Tennessee, Alabama,
and Georgia; the Lake Valley limeston » of New Mexico: the Escabrosa limestone
of southern Arizona; the Redwall limestone of northern Arizona: the Leadville
limestonc of Colorado; and the Madison limestone of Wyoming, Montana, Tdaho,
and Utah.

The Boone formation in northeast Oklahoma 18 300400 feet thick and is
conveniently divided into three members which are, in ascending order, the St.
Joe, the Reeds Spring, and the Keokuk members (Fig. 2). The Boone formation
is underlain by the Chattanooga shale and overlain by the Mayves formations.

The St. Joe, or lower member, in most places consists of thin-hedded crinoidal
limestone with subordinate amounts of soft gray-green marl, The thickness
ranges from zero to about 100 feet, Massive bioherm cores, in contrast 1o the
thin-bedded limestone, occur where the S, Joe member is relatively thick.

The Reeds Spring, or middle member, ranges: from 75 to 150 feet 1hick and
consists of alternating beds of dark Imestone and chert. The alternaiion of 1he
thin beds of chert and limestone cuuses (he Reeds
as a wall of horizontal stripes where ¢
Spring member are fine-grained and
the St. Joe member,

The Keokuk, or upper member, consists of thick-bedded light grav lime-
stone and light gray, or white, chert. Some of the beds in the Keokuk member
consist wholly of chert; whereas others, particularly of bioherm origin, consist
solely of Jimestone. The Keokuk member js very resistant to erosion, and com-
monly caps the plateaus of the region.

Spring member 10 appear
posed in cliffs, Limestone beds in the Reeds
contain much less erinoidal material than

BIOHERMS IN ST, JOF MEMBER

Bioherms' consisting of massive lenses of coarse crinoidal limestone and
flanking thin-bedded crinoidal limesto s oceur scattered over oowide area in
northeast Oklahoma (Fig. 1). The bioherms are exposed in bluffs formed where
streams have incised valleys into a hroad plateau capped by the Boone forma-
tion. Although the number of exposed bioherms is not large, it scems probable
that many more are hidden from view in the
streams,

The bioherms of the St. Joe member show a great diversity in size and shape.
However, most of them have several

hilly plateau arcas between the

common features. Fach bioherm has a

9N bioherm is defined as consisting of any dome-like, mound-like, or otherwise circumscribed

mass, built exclusively or mainly hy sedentary orgenisms such 1s cor I stromatoporaids, alge,
brachiopods, mollusca, crinoids, ete,”and enclosed in normal rock of different litholog
(K. R, Cummings, 1930, ““List of Speci
of Indiana and from Reefs in the Mis
Neio, Vo, 3q, p. 207))

Ixs

- character,
s from the New Corydon, Kokomo, and Kenneth Formations
swinewa and Liston Creek Formations,” Proc, Tudiana Acad
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Two elongate massive cores are exposed here, one core lapping over
shingle-like fashion. The cores are 20 25 feet thick and tape, sharplv toward sheir
margins where they grade abruptly into undulating, thin-hedded Hinestones. The
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! oo pass under and over the massive core ire very gently draped or wirped arcund

out 3 mile from

_ G the core (Fig. g).
! i, 5. Bicherm inwest bluffs of Hlinois River.  One of the lurgest Hioherms exposed
ty 4 in northeast Oklahoma occurs in the west bluffs of the Hiinois River. about 1o
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miles north-northeast of Tahlequah, in Secs. 23 and 24, T, 18 N R, 22 E. This
hioherm consists of a core of crinoidal limestone which undu: ‘es in thickness in
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w2 Hm @ 6. Biokerms along Grand Leke. At least six hioherms are revealed in the
[l . . . ) e X .
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-~ Lt z . . N .-
. ke .,Cmm i exposed over the bioherms and remain above the level of the lake. Figures 11
i H vl..vxl “ : . . . .
P EX 2352 . and 12 illust-rate the appearance of a typical bioherm which has had @ marked
i [ ER ] ! effect in warping overlying strata. This bioherm is located in See. 4, 7. 23 N,
Log e.m\“ { i ) » B A y
A , £ 2 _

R. 22 E., and is largely submerged beneath the lake. The strata which pass over
the bioherm consist of beds in the upper part of the St. Joe member and in the
lower part of the Reeds Spring member. The upper Si. Joe heds dip as steeply
as 10°-15°, and are generally thinnest aver the crest of the bioherm. Same of
the more steeply dipping beds are truncated and are overlainin turn by less steeply
dipping beds, These features suggest that the presence of the hioherm cuused a
topographic high 1o persist for a considerable lengih of tUme after the bioherm
had been bhuried under younger strata.

Too men
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BIOHERMS OCCURKING IN KEOKUK MEMBER
Although the most sumerous and conspicuous bioherms of the Boone forma-
tion occur in the St Joe member, there are at least two small exposed crinoidal
bioherms in the Keokuk member. The two known Keokuk bioherms occur on
ihe prairies west of the Neosho Kiver, and are revealed because they form re-
sistant mounds which protrude through poorly resistant younger Mississippian

y prairie, The mound s created by the massive core of the bioherm, which

s 8 3, ross section through bioherm (No. 7. Fig. 1) in Keokuk member of Boone formation
v 6l Sec 1y, T 22 N R B Bioherm consists of massive core of coinrse crinoidal limestone
provruding through younger beds. Massive core forms topographic mound from which younger beds

ddiprradialiy, Dark patches represent chert.

)i
in S

consists of very coarse crinoidal limestone. Some parts of crinoid stems are as
lurge as 8 inches long ana 1} inches in diameter, indicating that jndividual crin-
anids of exceptionud size were among those which created the bioherm. The
massive core appears to thin abruptly atits edges before interfingering with beds
which are not exposed. I'he bioherm must have stood as & submarine topographic
prominence for some time after it was formed, for the younger strata are thinned
and are warped upward where they pass over the core.

SR © e e e i C e

ORIGIN OF BLOHERMS

The question of the origin of the bioherms of the Boone formation s closely
reizted to the problem of the origin of the widespread crinoidal limestones in
limestones have been formed from vast numbers of crinoids which flourished on
the tloor of i clear shallow sea, The erinoids, hecause of their calcarcous skeletons,
were capable of providing large quantities of fragmertal material to create the
limestones, Each crinoid consisted of a calyx and its appendages, and a long
tleniLie stem by which the organism was attached to the sea floor. The skeletal
plates 6f the stem and culyx, which composed the great bulk of the organism,
were bound together by lizaments, Upon the death of a crinoid, the ligaments
were relaxed and the skeletal plates refeased so tha they could be strewn about
by waves and currents before coming (o rest.

wiich the hioherms oceur. Tt is obvigus that both crinoidal bioherms and crinoidal -

and-pinches out north-of thecore. ™
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Since the bioherms are so closely associated with the widespread crinoidal
limestones, it is desirable to contrast in detail the differences bets ven the hio-
herms and the thin-bedded limestones. The structural and lithologic differences
which hear on an interpretation of origin are here tabulated.

Widespread. Thin-Bedded Limestones

1. Uniformly thin hedded

Bivlerms

The bisherm cores consist of mussive lime-
stones which lack bedding planes

I

2. The limestones tend to thicken abrupllyin 2, Variations in thickness ar
the vicinity of massive cores ’

Thin-bedded limestones on the flanks of
bioherias commonly dip steeply; dips up to
15" are commion

N

The bueds are essentially flans few dips (ecea! g

4. The largest crinoid-stem fragments are 12 4. The Ltegest crinoid-stem frigrments are gener-

4
inches in diameter ally smidler than those nenr the Licherms

. Much of the limestone is composed of eri- 5. Crinoid-siem plates are generally fragmented
noid-stem plates which are separated from and abraded
cach other but not otherwise fragmented or
abradec (Fig. 3)

The first of these differences. massive versus thin-bhedded limestones, sug-
gests that the massive bioherm cores were formed as a result of continuous and
unvarying deposition which provided litle opportunity for bedding plancs 1o be
developed. The thin-bedded limestones, on the other hund, appear to have heen
formed under conditions in which deposition was interrupted from time o time,
thus creating bedding surfaces. Consequently, it appears that the growth and
accumulation of crinoids were more continuously favorable at the bisherms
rather than on the surrounding sea floor. This greater favorability for srowth is
also indicated by the greater thickness of the thin-bedded Jimestones in the prox-
imity of bioherms, as in the St. Joe member along the Winois River Ty 1o
Here, the St. Joe member is thickest in the vicinity of the massive hinherm core

The more rapid and continuous growth and accumulation of crinoids near
bioherms cnused the bicherms to wake the form of eleviued mounds (Fig. 14).
The mounds appear 1o have risen high enough above the generid devel of the
sea floor to provide sloping sides on which bedded Lmestones were deposited.
The evidence for this lies in the relatively steep dips of thin-bedded limestones
which interfinger with the massive limestone cores. Although the dips have
doubtlessly heen accentuated by differential compaction, much of the dip is
initial, stemming from the time when the beds were deposited, and is a rough
measure of the angle of slope during deposition.

Another point of evidence which suggests that the hioherms were more favor-
able for the growth of crinoids is the larger size of the crinoid stems which are
found in bioherms. Some of the stems are 1! inches in diameter. indicating that
the bioherms fostered the growth of giant criroids. Thus, it is clear that the
bioherms owe their origin to factors which accentuated the growth of crinoids,
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Although these factors remain largely unknowrn, it is suspected that the ele-
vated nature of the bioherms and their closer proximity to the surface of the sea
encouraged the growth of crinoids.

The question arises whether the bioherms should be considered as organic
reefs, To qualify as reefs, it must be shown that (1) the elevated biocherms pro-
jected upward into shallow, turbulent water where they would form reefs in the
mariner's sense, Iving close 10 the surface of the water. To 'be considered as
organic reefs, it must be thown that (2) the bioherms were strengthend and partly
tormed by organisms capable of building and raising a resistant structure into
near-surface, turbulent wuters,

Senematic block dizgram illustrating development of St. Joe bioherms. Massive bio-

reted anelevated, reef-like accumulations of crinvidal debris. Areal shape of bicherms

- round as shown here, hut mas have been irregular. Sides of bloc diagram are
1

¢ long,

approximately

The evidence 1o satisfy the first qualification, that the bioherms were elevated
into shallow water, isindirect. Ttis obvious that the bioherms were elevated above
the sea tloor, but the uctual depth of water over them is, of course, unknown,
Haowever, evidence that the sea was shallow is provided by the enormous quan-
1ities of bioclastic debris which comprise the crinoidal limestone. The crinoidal
debris must have been produced in fairly shallow water, where strong wave action
provided a mechanism for fragmenting and distributing the crinoid skeletal
plates. Therefore, the bioherms which rose above the floor of the shallow sea
would torm reefs in the mariner’s sense,

Evidence to show that the bioherms formed wave-resistant organic structures,
satisfying the second qualification, is found in the steep dips of beds flanking the
maxssive cores These dips, which are as great as 45°, arc assumed to represent
initial dips. which originated when the crinoidal debris was deposited on steep
slopes. The existence of steep slopes implies that deposits laid upon them must
have been coherent, for otherwise, the loose fragmental material would have
moved dowr the slepes untii coming 1o the angle of repose, which would cer-

————
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tainly be much less than 43° Therefore, a sediment-binding -wgent is postulated
to have heen necessary to permit the crinoidal debris to persist on steep slopes,
There is little direct evidence of a binding agent, but it is probable that smali
guantities of a cementing material, such as inorganically precipitated calcium
carbonate or calcarcous algae, were capable of transforming the loose crinoidal
debris into firm rock. Such a binding agent would have imparted wave-resistant
qualities 1o the bioherm rock, thus creating a true organic reef. A binding agent
would also tend to preserve the easily disintegrated crinoid plates from further
destruction, perhaps accounting for less abrasion of skeletal plates in the bio-
herms as compared with those in widespread, 1thin-bedded limestones,

In conclusion, it appears the the bioherms were formed as resistant mounds
of crinoidal debris. Crinoids flourished on both the mounds and the surrounding
sca floor, but the growth and accumulation of crinoids were accentuated at the
hioherms, causing the bioherms 1o be elevated above the general level of the sea
floor. The steeply sloping sides of the biokerms were maintained hecnuse the
crinoidal debris was probably bound together by an unrecognized sedimeni-
binding agent, perhaps calcareous algac or inorganically precipitated caleium
carbonaic. The bioherm sites persisted as topographic hizhs for & considerable
Jength of time after growth ceased, for they caused overlying beds to thin and 1o
be draped over the bioherms. Differentinl compaction probably caused the dips
to be accentuated, ultimately producing small anticlines over the massive hio-
herm cores.

SUMMARY

1. The Boone formation, of lower-middle Mississippian age, is readily sep-
arated into three members in northeast Oklahoma (Fig, 2). The St Joe, or
lower member, consists of thin-bedded crinoidal Hmestones in which crinoidal
bioherms. occur locally. The Reeds Spring, or middle member, consists of thin
alternating beds of dark limestone and chert and is ducking in bioherms. The
Keokuk, or upper member, consists of limestone and chert and contains hioherms
in its extreme upper part at one general locality, .

2. Exposed bioherms are most numerous in the St. Joe member ((Fig, 1)
where they are revealed in bluffs which lic adjacent to stream valleys that are
carved irto a Boone-capped southwestward extension of the Ozark Plateau, Ex-
posed bicherms in the Keokuk member are much fewer, and are revealed as smal)
mounds. The mounds rise above a level prairic produced by non-resistant vounger
Mississippian strata which crop out west of the Boone plateau. Both the St.
Joe and <he Keokuk members undoubtediy contain many more bioherms which
are not exposed.

3. The bioherms range greatly in size and shape (Figs. 4-105. Fach bioherm
consists of a lens-shaped core of massive crinoidal limestone which is surrounded
by and interfingers with thin-bedded limestones. Both the core and the thin-
bedded limestones are composed almost exclusively of fragments of crinoid-stem




2544 JOHUN W. HARBAUGH

plates. The massive cores range from 1o to 40 feet in thickness and from 50 to
1,000 feet in width. The thin-bedded limestones commonly dip steeply away from
la.agmm.f.?ccic?

4. The hioherms arc interpreted as having been formed under conditions
wiich accentuated the growth and accumulation of crinoids. Where the growth
of crinoids was continuous and unvarying, the massive or non-bedded cores were
formed. Where deposition was interrupted from time to time, the thin-bedded
limestones were formed. More favorable growth conditions at the site of bioherms
allowed the crinoid: 1o build mound-shaped prominences which rose as much as
50 feet above the general level of the sea floor ( "ig. 14). The mounds had steeply
sloping sides on which beds of crinoidal debris accumulated, A sediment-binding
arent, such as inorganically precipitated calcium carbonate or calcarcous algae,
' rostulated o have been necessary to make the beds of crinoid fragments suf-
wlently firm to persist on such steep slopes. Such a sediment-binding agent prob-
iy imparted a considerable degree of wave resistance to the bioherm.

3o The bioherm can be considered as organic reefs hecause they formed wave-
resistant structures which were elevated above the floor of a shallow: sea.
oo The strata which pass over the bioherms are commonly warped upward to
torm local anticlines. Some of the warping is probably due to later differential
“omraction, hut it appears that much of it was produced during deposition over a
stbmarine topographic high.
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BASAL CLAIBORNE OF TEXNAS, RECORD OF APPALACHIAN
TECTONISM DURING EGCENE!
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Austin, Texus
ABSTRACT

The Carrizo formation and the superjacent Newby member of the Rekluy forntion Focene,
Claiborne group) are lithologically similar sandstone units which crop out in Bastrop County, central
Texas,

The basal Carrizo is a strongly cross-bedded, poorly to moderately sorted, cranular medium
sandstone; it grades upward into moderately to well sortéd fine sandstone, very fine sandy siltstone,
and silty carbonaceous shale. The average Tower Newby sample is a moderately to well sorted: fine
sandstone, and the middle Newby section includes clayey siltstone and carbonaceous shile beds which
grade upward into cross-hedded, gliuconitic sindstone lenticularly laminated with chocolate shale,

Both Carrizo and Newby units are texturally submature to mature chert-bearing subgraywackes
containing 65-75 per cent quarlz, 5-10 per cent potash feldspar, 5-25 per cent phyliite, slate and
metaquartzite fragments, and s-10 per cent chert; there is little or noclay or wilt matrix. The non-
opaque heavy-mineral [raction consists of subangular kyanite and staurolite, angular and roundid
zircon and tourmaline, and smaller amounts of warnet and rutite. Glauconite and ¢ ihigenie feldspar
are common in the upper, more marine part of the section,

Most of the Carrizo und Newby detritus in Texas was originudly derived from crosion of pitrts
of the Quachita foldbelt and particularl, from uplift of the southern Appalichian Mountaing: not
from the Laramide oragenic belt as has been previously supposed. Sources north and west contributed
reworked sedimentary material, but volcanic quartz and some feldspar were probably transported
to the area of Bastrop County from a local source on the south,

In Texas the Carrizo formation rests disconformably on the Wilcox (Focene®, ani is placed in
the Claiborne group. On the Sabine uplift and castward, the Carrizo reportediy dies conformably on
the Wilcox, and is considered the uppermost formation of the Wilcox group. This apparently local dis-
conformity was probably produced by upliit and erosion of an uppermost Wileox beach sand in south
and central Texas. Erosion of this beach produced the subangular, highly polished zrains which were
reworked to form a lirge part of the Carrizo and Newby sandstones in Bastrop County. The region
of maximum uplift may exist as a subsurface Wilcox high between Bastrop County and the Rio
Grande embayment.

On the basis of this study, sugmented by petrographic examination of scattered < mples through-
out the rest of Texas Eocene sediments, a Targe-scale uplift of the southers Appidichian aren is be-
lieved to huve begun during the Midwiy or Subine age and culminated during deposition of the
great volume of upper Wilcox and lower Claiborne sediments in the western Guli Coast,

INTRODUCTION

During middle Eocene time, large amounts of sand and mud were deposited
in variety of near-strand environments along the East Texas and Rio Grande
structural embayments. The closely related depositional environments impressed
on these sediments such similar aspects that in many places it is ditficult to sep-
arate and correctly identify the various stratigraphic units, particularly where
lack of exposure makes it impossible o establish contiguitv, Two similar sand-
stones in this stratigraphic sequence are the Carrizo formution and the super-
jacent Newby member of the Reklaw formation, the lowermost units of the Clai-
borne group in Texas. The Carrizo is thought to have been deposited under fluvial

! Manuscript received, March 18, 19575 revised manuseript, August 7, 1033,

? The University of Texas, This study formed part of a thesis submitted by Todd in partia)
fulfillment of the requirements for the degree of Master of Arts. The thesis was supervised by Folk;
H. B. Stenzel and S, E, Clabaugh also served on the thesis committee and offered helpiul suggestions,
The writers are indebted to R, K, DeFord for reading the final mitnuseript.

3 Department of Geology, The University of Texas.
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conditions, not far from the shore line, whereas the Newby is believed to be near-
shore marine (Plummer, 133). As a result, these sandstones provide an admir-
abie opportunity to study the effect of differing environments of deposition on
the sedimentary characteristics of (wo closely related rocks.
A detailed thin-section study was made of grid-controlled rock samples from a
carefully measured composite section of these sandstones in southern Bastrop .
County, central Texas (Todd, 1956), (Fig. 1). One aspect of this study—-which
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Fig. 1~ Index mup, showing location of Bastrop County, Texas.

also included sieve and pipette analysis, shape, and surface-feature examination-—
was the development of hy potheses concerning the source of the detritus making
up the Carrizo and Newby units.
STRATIGRAPIY

The Carrizo and Newby sandstones ¢rop out across Bastrop County as a
northeast-trending Strip, averaging 3 miles wide, The strike is approximately ‘
N.23°E..and the dip averages o5 feet per mile southeast, _

CARRIZO FORMATION

A typical sample of lower Carrizo sandstone may be described as a crumbly

to friable, light brown (5YR6/4-5YR35/6)1 10 gray (sYRG6/1), cross-bedded,

- _ n.._cr: %&n:::o:v,u_,:..ﬂ:,Z, Goddard et qf. (1048), Rock Color Chart, National Rescarch
oungcel,

hd
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cherty, micaceous, feldspathic, moderately sorted, subangular, predominatly
medium-grained sand. Two-thirds of the samples analyzed had mean grain di-
ameters between o.25 ¢ (0.84 :«.:5 and 2.25 ¢ (o.21 mm.) with an average figure
of 1.25 ¢ (0.42 mm.). Most sorting values (in terms of o) range between c.50-
1.05 ¢. The over-all outcrop color varies from bright red near upper soil zones or
underneath ferruginous Pleistocene terrace gravels, 1o white in deep, fresh stream
cuts; commonly it is some shade of pink or pale yellowish white. Near the un-
conformable Wilcox contact, the Carrize usually contains liht sray boulders
of Wilcox silty shale up 1o 3 or 4 feet in diameter,

Locally the lower Currizo is a very hard, black 10 muaroon (5R2-2-3R270y,
hematite-cemented, poorly sorted, granular coarse~grained sandstone suitable
for road metal, It is evident tha the hematite cement js secondary, but whether
it has been derived from the overlying Newby, from well cemented Plelstocene
terrace deposits, or from some other source is not known. Sedimentary structures
such as fossil stream channels and sand hars (Ridley, 1955, p. 30) are not un-
common, The direction and magnitude of cross-hed dip were measured at ren
localities. These measurements yielded an average dip direction of S, 43° K. with
maximum variation f 90° on either side. Thus the immediate source of the lower
Carrizo sediments was at the north, northwest, or west,

The lower Carrizo grades upward into lenticularly interlaminated beds of wel]
sorted fine sandstone, very fine sandy siltstone, and silty carbonaceous shale,

In Bastrop County the Carrizo formation ranges in thickness from 70 10 150
feer. It rests with marked disconformity on the Wilcox group: the elevation of
the contact varies as much as 50 feet or more because of the rough topographic
surface developed on the Wilcox before the Carrizo was laid down.

NEWRY MEMBER, REKLAW FORMATION

The lower Newby is commonly hard, reddish vellow (10YRj
scurely bedded, well sorted, 2::%_%.nr::.c::mf subangular, finc-grained sand-
stone, Extremely iron-rich zones containing rounded ironstone concretions,
strange pipe-like forms, as wel] as ferruginous sheets alternating with sandstone
stringers, are not uncommon.

The upper Newby varies somewhat in composition from place o place. For
example, one exposure is made up of a series of tough, fissile, plastic when wet,
gray-weathering (sPB7/2-N7), chocolate-brown (5YR4/17), sthiy shules and
thinly interbedded siltstones. Elsewhere an approximately equivalent scction is
composed of friable, alternating gray and yellow-banded, finely cross-bedded,
feldspathic, slightly glauconitic, well sorted, fine-grained sand. A few concre-
tions of calcite-cemented sandstone are present at the top of the section,

The over-all mean size of Newby detritus is 2.42 ¢ (0.185 mm.), “nd two-
thirds of the samples have mean grain diameters between 1.09 ¢ (0.25 mm.) and
2.85 ¢ (0.14 mm.), Most sorting (o) values lie berween 0.40-0.80 ¢.

The thickness of the Newby member, unlike the thickness of the Currizo,

31, ob-
|
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v from place to place. There is no one outcrop, however,

does not vary radically y NOWeV
un be measured. Correlation of a composite section

here i complete section
vields a total thickness of about 130 fect.
T I'he Newbv sandstone rests disconformably on the Carrizo formation. At
crop the uneven surface of unconformity is cut in a dark, reworked, bedded
diade daver which contains silty shale pebbles. This uneven, contorted shale is
:5.15:. I coarse red sandstone which contains silty shale pebbles to a height
i o3 font above the contact. In other places pipes of red sandstone penetrate
‘ “wrrizg. These were probably made by burrowing animals in
the Noor of the Newbhy sea. AL most exposures the Newby is apparently overlain
conformably by the Marquez lignitic, pyritic shale. In many localities the Newby
arades into the Marquez through a 3-20 foor section of interbedded very fine
sand, silt, and chocolate-colored clay shale. But in other areas the contact be-
(ween 4 medium- to tine-grained glauconitic sand containing thin chocolate-
colored shale laminace, and a tough, thinly bedded, copiapitic, lignitic, silty clay
is sharp and easily recegnized. Five miles northwest of Smithville on Little Alum

one out

{

0.3 foot to the (

Creek there is an exposure of a local but important Newby-Marquerz marine
disconformity. This disconformity is marked by a thin zone of shale and sib-
angular sandstone pebbles set n a ¢lauconitic, sandy matrix which contains
apright corals and other marine fossils. Some of the pebbles are hard, red, medium-
‘o coarse-grained sandstone (typical of the lower Newby) up to 3inches in diam-
«ter. The presence of pebbles of lower Newby at the base of the Marquez in-
dicates that the disconformity must represent a considerable interval of crosion
WSOME areas.

MINERALOGY
INTRODUCTION

Description oi thirty-one thin sections from the Carrizo and Newby revealed
Htle difference in their terrigenous mineral composition (g, 2) except that the
Newby contains a smaller amount of metamorphic rock fragments because of
inereased abrasion in the nearshore marine environment in which it accumulated.
Apparently both sands were derived from the same combination of scurces;
henee, are lumped together in the ensuing discussion.

Based on Folk's {1934) classitication, beth Carrizo and
texturaily submature to mature chert-bearing subgraywackes because they lack
a clay matrix, are moderately to well sorted and contain §-25 per cent meta-
morphic rock fragments and micas (Fig. g). Point counts of 100 grains per slide
vielded the following averages: subangular common quartz, 65 per cent; well
rounded, reworked sedimentary quartz, 3 per cent; vein quartz, 2 per cent;
voleanic quartz phenocrvsts, much less than 1 per cent; chert, g per cent; potash
feldspar, & per cent; muscovite, trace: metaquartzite, 1o per cent; metamorphic
rock fragments, 7 pes cents and clay, 2 per cent.

Chemically precipitated minerals are only locally present in the Carnzo and

ewby sands are
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Newby sandstones. Hematite, glauconite, authigenic feldspar overgrowths, and
authigenic kaolinite pore-nillings together constitute about one per cent.

MAIN CONSTITUENTS

Comrmon quariz, termed “plutonic” by Krynine (1946), is characterized by
single grains with straight to slightly undulose extinction, with or without micro-
lites and small quumities of bubbles. Most grains are subangular but they range
from subround to very anyular fake-shaped chips. Under the binocular micro-
seone more than half of the grains exhibit a high surface polish.

Reworked gruins of very well rounded, highly spherical common quartz
i form 2--3 per cent of the samples and are sharply differentiated from the
dominant mc_::_,,r;;,:. quuariz. Under the binocular they are highly frosted. The
size of these grains is resiricted to o.15-0.30 mm.; hence, this must have been
the grain size ol the supermature Cretacecous or Cambro-Ordovician ortho-
guartzitic sandstones whenee they were derived. Some of the rounded grains
pussess reworked gaartz overgrowths, most of which show crystal faces, but some
are fractured or abraded. The fack of calcite inclusions in the overgrowths as
as the presence of eryatal faces indicates derivation from a weakly cemented
<tone rather than a limestone, No indigenous authigenic quartz occurs in
:,nA,:U.?::n‘/.cs.r.a..f.:_a,r,i.:m.r,:c:ﬁc.,::.ﬁ

Volzanic quartz phenocrysts (Figo 4) oceur chieflv in the lower Carrizo,

~

where they constitute 14 per cent of the graing, but in the rest of the se

3

ion
sy form much less than «per cent. These equant, straight-extinguishing grains
contain almost no inclusions and are characterized by the presence of one to

severid geomeirically straight borders, many of which have well developed crystal
vatiines. In the binocular they appear as very highly polished, water-clear, doubly

xagonal dipyramids, lacking prism faces. Some of the phenocrysts
are embayed and most have rounded corners due to corrosion in the parent lava,
but they show no evidence of abrasion: crystals range from o.25 mm. to 2 mm.

on P

renocrysts with adamantine luster occur abundantly in loose gully wash
derived from lower Carrizo exposures. Vein quartz (Fig. 5), loaded with liquid-
aded bubbles, comprises 4 per cent of the grains, Stretched metaquartzite (Fig.
abundant ir these slides, averaging 7 per cent and ranging from 5 to 15
per cent. The suban sular crains are composite with sutured boundaries and un-
wlase extinetion. These are included ws a constituent of the “)M" pole for com-
positional classitication 1Folk, 1934), because they are really fragments of meta-
morpiic rock. Recrystallized metamorphic quartz (3 per cent) was identified by
composite grain habit, with straight houndaries and straight extinction,
Subangular grains of detrital chert (3-10 per cent) are visible as black to
brown specks 1 hand snecimens: almost all are the microcrystalline variety,
The feldspar 13- 10 per cent) is subangular and more than half shows micro-
cline wtwinning: the remainder is untwinned and identified as orthoclase. Only

oie or Two iragments ol plagioclase were seen among more than goo feldspar

OF APPALACHIAN ORIGIN
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Fic. 3. -Rounded r‘:;:. of common auartz with slightly abraded overgrowth (crosied nicols).

ins have been reworked from older supermature orthoquartzitic sandstones, prohably Cretaceous
or Cambro-Ordovician. ’
. Fa 4.—Volcanic quartz phenocryst with straight boundartes, corrosion-rounded corners
inclusions (¢rossed nicols), ;

Fie. 5. ~Vein quartz with abundant vacuoles (plain lighti. Dark
hematite-stained clay rims infiltrated during outerop weathering.

Fia o..{.v:‘.c,,n.:ﬁ_ metaquartzite, composite grain with suturcd internad boundiries and strong
undulose extinction (crossed nicals).

and no

areas surrounding griin are

grains igentified, hut one sund-size fragment of aphanitic voleanic rock was ob-
served in a calcite-cemented concretion in the uppermost Newby sand.

Most feldspar grains are fresh, but three types of alteration have been ob-
served. The most common »,.o:.: is that of cavernous solution {(Milter, 193350 which
affects one-fourth of the microcline but three-fourths of the orthoclase, Clean,

T
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trregular holes, some nearly as large as the detrital grain itself, have been dis-
solved in the centers of the grains, and are now filled with Canada balsam. This
type o alteration is believed to have been effected by migrating fluids after dep-
vsition because even the slightest transport would have destroyed the skeleta]
feldspars. Because feldspar overgrowths bridge some of the solution holes and
the overgrowths are unaliered, cavernous solution probably occurred prior to or
simultancously with formation of overgrowths; this relationship also negates
outcrop weathering as the cause, The second most important form of alteration
s vacuolization or hubbly alteration (Folk, 1955) which appears as “turbid”
swarms of minute, brown, liquid-filled vacuoles about one micron in diameter;
about one-third of the orthoclase grains are affected, but only rarely is microcline
vacuolized. This type of alieration apparently took place before deposition be-
vaase neighboring wrains show wide variance in degree of vacuolization, and many
heavily vacuolized detrital feldspar grains are enclosed in perfectly clear and
fresh overgrowths, Consequenily, vacuolization is interpreted as the result of
Ting thit procecded in the soils of the source area under a warm humid
cimate and moderate relie. Minor kaolinization has taken place, and it usually
oceurs in sands that have had thick clay rims infiltrated on outcrop weathcring.
Kaoli within feldspar grains appears as clear shreds or flakes with index slightly
above that of feldspar, No sericite or illite alteration was observed.

Overgrowihs of untwinned K-feldspar have been identified on both micro-
cine and orthoclase grains. Absent almost throughout the dominantly non-
marine Corrizo, overgrowths occur sparsely throughout the lower Newby, but
commoniy and conspicuously in the more marine upper Newby as small hack~
s projections to thick ©.o1-.02 mm.) rims showing crystal faces (Fig. 1. All
are clear, unabraded and unabtered, hence formed within the sandstones after
deposition. Even in such porous and permeable sands, outcrop weathering has
not wttacked the overgrowths at all, _

Fhe presence of authigenic feldspar in the marine Newby and its luck in the
subjacent non-marine Carrizo {exeept in one topmost sample) contributes good
evidence on the conditions of erigin of this mineral. Tt would be possible for felds-
spar to form at three different times: (1) while the sand was on the sea floor or
only stighty buried and in connection with relatively free-moving, riearly normal
savwaters £23 upon deeper hurial of the sand, under the influence of migrating
CORLLTE Witterss or 30 after uncovering of the sands, subjecting them to oulcrop
weathering or percolation of meteoric waters downdip through these aquifers.
Hypotheses 120 and 135 both require that waters travel considerable distances
through the sands: wthough both sands are quite clean and permeable, the
Carrizo, being courser, is a much better aquifer than the Newby (the Carrizo
SUppHes Water o many towns in south Texas). Therefore, if hypotheses (2) and
3 were operative, one should expect to tind more authigenic feldspar in the more
permeable Carrizo, Actually, the reverse is true, Therefore hypothesis (1), that
the feldspar formed from seq water very shortly after deposition seems to be
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088 mm
Iie. 8
RESTI
I'c. ¢ F1c, 10
I, 7.~-Microcline with untwinned overgrowth (crossed nicols).
e, S.—Metamorphic rock fragment, probably high-rank slate. indented Vo ireent quartz
grain (Crossed hicols),
Tic. 9.—~Typical “dirty™ upper Carrizo sandstone (erossed nicols). Field consists of about 20
: per cent slate and EJ.:_?.. tragments, (speckled arveas) and 5 percent potash feldspar; henee, is isub-
graywacke. Note angularity ol quartz,
¥ic. to.—Banded hematitic clay lining pore spuce (plain light). This material has trated sand
' upon outcrop weathering. ‘
most likely, especially since it is most abundant in the more open-marine upper
Newby, But here a difficulty arises: once the non-marine Carrizo deposits were
submerged under the advancing Newby sco., nothing would prevent intrusion
of the sca water into the underlying loose Carrizo sand, because the two formy-
tions are in many places in sand-to-sand contact, that is, there is no impermeable
, clay “diaphragm” between them, Then why did the sea water precipitate feld-
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spar only into the Newby, and not into the now-saturated Carrizo below? The
answer may he that precipitation of authigenic feldspar takes: place relatively
rapidly, in the first few (possibly up to 20) feet below sea floor; perhaps marine
waters that souk down deeper lose their capacity to precipitate feldspar either
because of lack of free intercirculation with the normal sea water abave, because
of changes in Eh, pH. ete, or else because the proper ions have been used up
by reaction with the sediment in the top few feet.

) Metamorphic-rock fragments (Figs. 8, 9) occur as significant components of
these samples, and consist chiefly of subround, clongate slate and phyllite grains,
Because of their suseeptibility to abrasion, the frequency is remarkedly variable
and ranges from o to g0 per cent, 5" 10 per cent being a reasonable average: they
are more abundant in the finer, more poorly sorted sands. Most of the fragments
show Tairly well oriented very fine muscovite, sericite, and finely recrystallized
Quartz. Metamorphic-rock fragments are more abundant n the Carrizo than in
the Newby, probably because the better sorted Newby sand underwent more
abrasion. Metamorphic-fragment-rich sands are identifiable in outcrop by the
abundance of small specks that look like white flour.

Mica, although conspicuous in outcrop, averages by count much less than
une per cent, and is entirely muscovite, Flakes average o.25 mm. and range up
Lo mm,

Optically, the clay minerals in the slides appear to be illite. The average clay
content is about 1 or 2 per cent; hence, the sands are usually quite “clean.” In
many red sandstone slides, clay with illite-like birefringence occurs as tangen-
tally oriented, hematite-stained rims concentrically wrapped about the detrital
HTAINS in Crusts up to o.10 mm. thick ( Ev 5. 10); it has been infiltrated into
the ~und during outerop w wathering. The clay flakes are deposited on the sand
grains paraliel with the grain surface. Rarely, authigenic kaolinite or dickite
“wormsT up to o.5 mm. long have grown in pore spaces in heavily outcrop-
weathered and highly permeable sands.

Glauconite was identified throughout the Newby unit, although in the lower
Newby it is rare. The upper Newby contains prominent glauconite in the form
of green pellets and reworked silty glauconite hash. In parts of the hard, red,
iwer Newby, pellets have been completely converted to red or brown opaque
iron oxides. Glauconite pellets range from a trace to 3 per cent, but glauconite
hash in some places constitutes as much as 1o per cent of a sample,

Red hematite veritied by X-ray) is common throughout both the Carrizo
and Newby units but is particularly prominent on Newby outcrops. In southern
Bastrop County the basal o feet of Newby is persistently very hard and com-
pletely cemented with thick black to deep red hematite. Some of the red stain
is derived from leaching of overlying Pleistocene gravel, but much of the iron
has come from within these Focene formations. Small oval holes in many hand
specimens and altered “pellet ghosts” in thin sections testify to the oxidation
of vlauconite on outerop to ferric iron minerals. It is doubtiul that all the iron
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came from this source, however, as there is not enough glauconite available. The
presence of reworked, indurated hematite-cemented Newby pebbles at the local
Newby-Marquez disconformity near Smithville indicates that some of the ce-
ment formed during Claibornian time, and it may have been directly precipitated
from sea water.

HEAVY MINERALS

Heavy minerals make up about o.15 per cent of the average sample. Opaques
include magnetite, ilmenite, leucoxene, hematite, and pyrite, and an un-
known resinous honey-colored to brown mineral which averages 15 per cent of
the heavy-mineral fraction; it has been tentatively identified as tapwlite.

The non-opaque suite includes staurolite, kyanite, several varieties of zircon
and tourmaline, rutile, garnet, and a trace of green hornblende and epidote,
Non-opaque minerals average 25 per cent of the total h cavy-mineral fraction,

No obvious differences were found between the Carrizo suite and the Newhy
suite; average percentages are shown in Table T,

TasLe T
Mineral Per Cent of Nan-Qpagues

Zircon

1. Fuhedral 10

2. Angular Ok

3. Rounded 5

1. Buhedral prisms o'

2, Angular widy

3. Well rounded 2
Staurolite
Kyanite
Rutile
Garnet
Lpidote

Hornblende Trace

j{eled

Kyanite exhibits cleavage-controlled form, and in general the corners are
angular but grains in the Newby have slightly rounded corners (Fig. 11a). Both
kyanite and staurolite are unusually large, ranging up to 0.25 mm. long. The
staurolite is deep yellow and the grains are uniformly angular.

Zircon types range from perfectly euhedral crvstals (Fig, (ih) 1o periectly
rounded or angular, anhedral grains. Many are pink or purple. Tourmaline erains
are commonly black, brown, or green. The shapes include very well rounded
grains rewcrked from older sediments (Fig. 1x¢); subhedral, prismatic crystals;
and angular anhedral grains. Rutile forms small red-brown prisms or subangular
anhedrons,
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Pink 1o colorless garnet grains are anhedral and quite angular, and most ex-
hibit heavily corroded, etched, or mammillary surfaces. Skeletal grains are com-
mon. The amount of garnet among the non-opacue heavy minerals is very erratic,
ranging from o to 54 per cent. No correlation exists between mean grain size of
the sampie and percentage of garnets. Both the extensive grain corrosion and the
percentage vuriability of the garnet indicate probable post-depositional, intra-
stritad solution; originally garnet must have been one of the most abundant
heavy minerals,

Several vellow-green, subround, equant grains of cpidote and a few dark
green, angular hornblende grains were also encountered.

Mo S mm )

B "

resentative heavy minerals, A, kvanite from Newby sand showing slightly rounded

Corners; L zircon: €, well rounded tourmaline, reworked from older supermature sedi-

mentiary rocks,

EFFECT OF EXVIRONMENT

The change in depositional environment from the fluviatile Carrizo to the
apen-water, shallow-marine Newby affected both physical and chemical proper-
ties of the sediments. Increased abrasion during Newby deposition eliminated
about hall of the soft metamorphic-rock fragments and imparted slight rounding
to the corners of kyanite grains, but had no other obvious effects, The shapes and
surface features of quartz, chert, and feldspar urains are essentially similar in the
two sands, probably because abrasion was either insufiiciently potent or too
brieci. The change in the chemistry of the environment- - probably most impor-
tantly the increase in potassium concentration in marine waters—favored pro-
duction of significant glauconite and authigenic feldspatr overgrowths in the
Newby, constituents thar are lacking in the Currizo.

DETERMINATION OF SEDIMENT SOURCES
ROCK TYPES PROVIDING DETRITUS

A mineral assemblage such as is detailed here indic:

ttes the following source
rocks: (17 a plutonic terrane in w

hich rocks such as granite or gneiss or both are
exposed o provide much of the .inar.:Tcz::%:mm_::m quartz, the potash feld-

spar, and possibly the angulur grains of the mors common heavy minerals such as
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zircon, tourmaline, and rutile; (2) pegmatites and hydrothermal veins may _.::.e
accompanied the intrusive rock as suggested by the high percentages of micro-
cline, and the bubbly vein quartz; (3) a source of high-rank metamorphics to
account for the metamorphic quartz, staurolite, kyanite, and garnet; (4) slates
and phyllites contributing the low-rank metamorphic rock .,.End:..,:_”. i (35 oider
sedimentary rocks, as evidenced by the well rounded quartz with overgrowths,
and the well rounded tourmaline and zircon -possibly Cambrian or Cretaceous,
as the best rounded Texas sands come from beds of these systems: the abundant
angular chert and much of the subangular quartz also came from older sedimen-
tary rocks, but probably not the sume strata that ».:::m:oa.:gc well rounded
grains; and (6) volcanic ejecta accounting for the clear, m::_\.:._-ﬁfc; quartz
phenocrysts. Of these sources, (1), (3), (4), and (5} are volumetr ally the most
important (Fig, 12.) . . ‘

A seventh, more local source is suggested by the extensive ?:S%::z.& sume
of the Catrizo and Newby samples. From all parts of the section certain slides
show a well developed, minor, coarse mode. This mode ranges :o.?.cc: 1 :_:_.
2 mm, in grain diameter, and is well sorted. The coarse fraction consists largely E
clear, subangular common quartz with a little feldspar and A few metamorphic
and volcanic quaitz grains; well rounded grains, chert, and vein quartz are n sarly
lacking. It may well be that these mineralogically and Ez::.::\(. anomalous
coarser grains are derived from the reworking of material laid ;:;,:. on i tempo-
rary beach near the present site of deposition. Three facts support thiz conclusion:

MNERALOGY SRIRQCHARHY SQURCE ;
K Feldspor - Acrd
Orainary  Quortz 1 R " I
uton - APPALACH
Meaac Ignecus M Minrly, o UPUFT
Metoquor 121t i 7 wwmwox_w«mw._.
e HIGH RANK -~ [ _
opipuinsiall o Metamorph / LOCAL UOPER!
Ord, iz MecHMAvi morenie Ve WILCOX
E \\ \ TEXAS €-0 | eeacw
Siale, Phylkte, Schist LOW RANK \\ R X j
—
Ord. Q¢z, MiscH iivis. o / ss 8 Ls Mewor
Metomorphit \ g
e —— \ ' CARRIZO
\ ! ‘SANGSTONES *
i
Qurtz  Phenocraty | Voitomc LOCAL : |
) Texas source
. ) {coorte mode)
Rounded grains of 3 0 Setoc
. 1]
Qtz, Tourmgling, ond V | well rounded
Zucom Chart \ b CONTINENTAL |
-
Ordnary  Quortz  \ INTERIGR |
\ | o0 ssameenal L
Chert, Misc. M. M. 1 grans not
rounded
; NS |

Fi1c. 12.—Flow sheet showing derivation of Carrizo and Newby sandstones. Thickness of lines
indicates relative volumetric importance of each source,




2538 THOMAS W, 1T0DD AND ROBETT L. FOLK
(1) the grains are well sorted—if derived from a distant source they should vary
more in size; (2) they are anomalous in otherwise moderately sorted to well sorted
sediments- - suggesting they have not traveled far with the bulk of the deposits;
and (3) the uniform subangularity and similar high degree of polish betray ex-
posure 1o rather brief beach action. No doubt they reflect the recognized autopha-
gous tendencies of geosyncline-Hank areas to rise slightly, exposing recently
formed marginal basin deposits to re-erosion.

GEOGRAPHIC LOCATION OF SOURCE AREAS

Geographic requirements limit to four the number of possible source arezs for
the Eocene sediments deposited in the Texas Gulf Coast. The placing of mineral-
ogic-petrographic data obtained from this study into the framework provided by
current Gulf Coast paleogeologic thought has resulted in the elimination of two
of the four possible sources ~the Rocky Mountains Province and the Llano up-
lift. Of the two remaining, the southern Appalachian-Ouachita foldbelt is ren-
dered most likely, and the fourth, northern Mexico, is considered much less prob-
able (Fig. 13).

KOCKY MOUNTAIN PROVINCE

It has bheen common belief for some time that the Rocky Mountains and
,_S:ﬂ: interior supplied most of the clastic material making up Gulf Coast
Lertiary deposits (Storm, 1945: Murray, r955). Transfer of sediments to the

|

Fic. 1 3.--Log: ible source areas. A, Rocky Mountain area; B, L)

Appaliachian Mountaing: D, Guach; i '
\ppadichian =D Ouachiti Mountaing: F, N cra Mexicg, S
uon of samples studied, P4 e Northern Mexics. Sm

ano uplift; C, Southern
all square indicates loca-
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Gulf Coast during Eocene time could have heen accomplished by longshore dis-
tribution of detritus carried to the Gulf by the Mississippt River svstem or other
southeast-draining rivers. A study of lower Carrizo crossbeds reveals that final
transport was indeed in this direction.

Russell’s (1937) study of Mississippi River sands from Cape Girardeau 1o the
Delta revealed little or no kyanite and staurclite--the distinctive heavy-mineral
suite which accounts for approximately 4o per cent of the non-opaque heavy
minerals found in Carrizo and Newby sands. Sidwell's (1937, 1939, 1940, 1947)
many investigations of the material being carried by rivers draining the High
Plains (which are covered by late Tertiary deposits derived from the Rocky
Mountains) failed o show either low-rank metamorphic rock fragments or ky-
anite and staurolite. The Rio Grande, in its upper reaches, drains areas of high-
rank metamorphic rocks, but because of their close association with voleanic out-
crops the river carries large amounts of hasaltic hornblende and voleanic rock
fragments (Bullard, 1942), types which do rot appear in the Carrizo or Newby.
Nor were other basic igneous minerals identified from the Carrizo or Newby al-
though they would be expected in material from the Rocky Mountains or the
Precambrian of the Great Lakes region.

“ailure to identify kyanite, staurolite, and low-rank metamorphic-rock frag-
ments in sands carried by present-day rivers draining the Rocky Mountains and
the central interior strongly suggests that these minerals were also absent from
Eocene rivers presumably draining the same areas, and therefore the Rocky
Mountain province could have contributed little to Eocene Gulf Coast sedimen-
tation. Furthermore, that part of the Rockies accessible to rivers draining into the
Gulf contains no large areas of intensely folded and thrusted slates, phyvilites. and
fine-grained metaquartzites; that is, it lacks the kind of terrane required for the
production of the subgraywacke sands of the Carrizo and Newby. The lack of
Eocene rocks in the subsurface High Plains also argues against a source in that
direction. ’

JL.LLANO UPLIFT

The Llano uplift of Central Mineral region of Texas may he advanced as a
possible source of Carrizo and Newby sediments for several reasons. The rocks
which crop -out in this structural dome include Precambrian granite, gneiss.
schist, metaquartzite, and pegmatite, and all the minerals characteristic of the
Carrizo and Newby sands occur there. The area, moreover, is only about 150
miles northwest of Bastrop County, and lower Carrizo crosshedding indicates a
regional slope from that direction. Nevertheless, there are both mincralogic and
paleogeological facts which cast doubt on this choice. Heavy-mineral unalyses of
sands from the Colorado River (Bullard, 1942; also unpubiished analyses, Univ.
of Texas) which flows through the Llano uplift show high percentages (50 per
cent) of green hornblende and low percentages of staurolite and kyanite. The
Carrizo and Newby exhibit the opposite relation. Inasmuch as the distribution of
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rock types in the Lianoarea is comlex, it is doubtiu) that erosion during Eocene
time could have preferentiaily selected stauroiitc and kyvanite-rich rock for de-
struction and fefr the bornblende schists and amphilbolites almost untouched.
in fact, evidence thar the Llano ares was largely covered with Creta-

v

There
ceous carbonute rock until Miocene time when the first floods of reworked lime-
stone characteristic of that revion appeared m Oakville sediments. Not until the
Quaternary period does hornblende begin 1o be an-important heavy mineral
{Bornhauser, 1gg0.. sigpifving extensive remead of the carbonate cover and

crosion of the Precambrian rocks,

Inasmuch as borublende is the key mineral for identifying the primary rocks
of the Liano dome as @ contributing source area. it becomes essential to demon-
strate that the pronounced scarcity of hornblende in pre-Miocene sediments is
not due to intrasiratal solution. This study, as well as current research on the
Wiicox sands of central Texas (Adams, 1937; Harris, 1937), has shown that
garnct is readily susceptible to post-depositional etcining and even complete
solution except where protecied in concretionary zones or clayey, relatively im-
permeable beds. Hornblende, also a rather unstable ferromagnesian mineral, con-
ceivihly could have been removed from pre-Miocene sands by similar intrastratal
solutions (Bornhauser, 1940: Cogen. 1940). Yet not only is hornblende rare in the
loose sand, it is also virtually lacking in a caleitic, sandy concretion in the upper
Newby. This coneretion also contains well preserved pelecypods, indicating that
it wus formed soon after deposition of the sand; hence, it would have provided an
almoest immediate seal 1o protect the heavy-mineral grains in the sand, The near
absence of hornblende in this concretion strongly suggests that it was nevoer pres-
ent in the sand in significant amounts, because it was lacking in the source area.
Work in progress by Callender (1957) strengthens the argument by showing the
ineffectiveness of intrastratal solutions in atte~king hornblende, even when ample
opportunity for attack is provided. He discovered one thin zone in the Queen
City sand (lower-middle Claiborne) that contains more than 7o per cent green
hornblende in its heavy-mineral suite. This bed of clean, very friable fine-grained
sand is completely uncemented, contains no concretions, and is very porous and
permeable. As @ result it would be easily susceptible to the effects of migrating
solutions. Yet the hornblende in this bed (as well as the rare hornblende grains
which occur in Wilcox and younger beds) shows no sign of chemical attack, etch-
ing, or oxidation.

Thus the almost complete absence of hornblende in Carrizo and Newby sands
can not be ascribed to post-depositional solution, but is due to a lack of horn-
blende in the source arca. This argues overwhelmingly against the Llano dome as
a significant source for the sediments.

APPALACHIAN MQUNTAINS

The southern Appalachian Mountains are favored as the primary source of
minerals from rock types (1), (2), and {3). Present streams draining this area
carry similar minerals, especially the diagnostic kyanite-staurolite suite. Gold-
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stein (1942), for example, reports in his study of heavy-mineral provinces of the
northern Gulf Coast, that the heavy minerals in the East Gulf province (east of
the Mississippi River) are derived directly from the southern Appalachian Moun-
tains. Kyanite and staurolite account for 20 per cent of the non-opaque heavy
minerals in that province, whereas wesi of the mouth of the Mississippi the per-
centage drops abruptly to zero. Bornhauser (1940) and Cogen (1940), in investi-
gations of heavy-mineral zones in the upper Tertiary of the Gulf Couast, observed
a similar trend. They found that the percentage of kyanite and staurolite in sev-
eral well defined zones increased castward toward Louisiana, but fell off markedly
toward southwest Texas. Transfer of detritus from the Appalachian Mountuins
to its present site in the Carrizo and Newby sandstones was probably effected
during the Eocene time by stream transport to the littoral and neritic zones bor-
dering the Mississippt embayment. There longshore and offshore currents dis-
tributed the sediments o beach and neritic environments, The effectiveness of
longshore currents in transporting sand-size material substantal distances along
the present Texas coast has been demonstrated by Bullard (1g42).

1

Low-rank metamorphic-rock fragments <ource 40 were dertved either {from
the Ouachita foidbelt ¢ Goldstein and Reno, 1032 or more probal

southern Appalachians, The low mechanical resistance of phy

from the

abrasion precludes extensive transport. and there i2ono other
source for large volumes of this mater

The broad belt of Lower Uretaceous sar
crosses Texas may have furnished the well
well rounded tourmaline and zircon grains <.
the Carrizo and Newby sands. Alternative

minerals may, in part. have been reworked |
noticeable lack of large chert grains in the Co
source of the chert sand was not close byt ne
supplicd chert pebbles to the sediment, but o
mode. Paleozoic sandstones in north Texas otfer o
of the angular quartz sand.

The volcanic source (source 61, on the other hund, n
and possibly in a southwesterly direction. Carrizo samples
(200 miles northeast of Bastrop County, Texas: reveal no lurue
crysts, whereas phenocrysts are common-in the Bastrop County specime
arc exceedingly common farther south near Lockhart, The source of
mode (providing plutonic quartz and orthoclase feldspary also probably fay near-
by on the south or southwest, as this mode (and nearly all feldspar: disappears in
Leon County (Roberson, 1957).

Another reason for advancing the Appalachian and Ouachita mouni:
most likely source of the bulk of Carrizo and Newby material is derive
recent examination of several Carrizo samples from northwest Louisiana. The
Louisiana Carrizo strongly resembles the Bastrop County Carrizo in that it con-
tains a high percentage of slate and phyllite fragments, an abundance of kyanite
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and staurolite, and has little or no hornblende. Recent streams 4‘:?: A_q,.‘:: ﬁ.rn
southwest Appalachizns are also deficient in rcgiﬁﬁo :wc_a.ﬁom:w aoan.v. CS.:
(1936) reported an abundance of kyanite and 1&50:.8.::.& a deficiency in _Emma
ignecous minerals from lower Claiborne deposits in Mississippl. ‘::w _%Qcmnmc?n
smilaritv of cast Gulf coast and west Gulf Coast Eocene sands .:a_oﬁaw that
both rwaHn originated from a common major Lerrane, although the Texas ::.:nlm.._
contains additional detritus from more local sources. Hence, petrographic evi-
dence suggests that the striking increasc in clasticity of lower Tertiary c«.a.n h.a.m-
taceous sediments in the western Gulf Coast may be largely duc to tectonism in
the southern Appalachians during the Eocene epoch.

NORTHERN MEXICO

In northern Mzxico plutonic and high-rank metamorphic rocks are reported
10 be exposed in arcas not blanketed by post-Eocene voleanie rocks. ,.,H.Zm region
possesses two possible advantages: (1) it is relatively near the %vcm_:o:m_ area
~in keeping with the angularity of the grains of kyanite and the other minerals
in general, and (2; the Eocene section thickens southwest into the Rio Grande
embavment. .

The main problem of evaluating northern Mexico as a source area is that its
zeology has not been adequately described. It is known that the Laramide orog-’
eny produced a mountainous belt in northern Mexico, the Sierra Madre Orien-
1al. Detritus carried casiward by streams flowing over the intensely folded Meso-
Joic limestones during the Eocene epoch should have contained no metamorphic
minerals. because crvstalline basement rock was probably not exposed at that
time. It has not vet been uncoverad, despite further uplift and erosion, except in

small areas sueh as that west of Cuidad Victoria, Tamauiipas. Later basin-and-

range faulting created uplifted areas west of the Sierra Madre Oriental, but
these areas have supplied sediments to the Gulf of Mexico only in late Tertiary
or Quaternary time with the growth of eastward drainage into the Rio Grande
and similar rivers. The increase in thickness of Tertiary units in southwest Texas
and northeast Mexico probably reflects the fact that the Rio Grande embayment
was tecionically negative rather than that it was near the source. Another factor
unfavorable to the acceptance of this area as a source of a significant part of
Carrizo and Newby sediments is the sharp decrease in kyanite and staurolite in
that direction (Bornhauser, 1940).

CLAIBORNE GROUP VERSUS WILCOX GROUP

It is probable that in Texas a large part of the material making up the Car-
rizo and Newby units formed a temporary but extensive beach deposit between
the time it was eroded from the primary_or sccondary source and its ultimate
deposition at the present site, The lower Carrizo is a fluvial continenral deposit;
the upper Carrizo and lower Newby are coastal, shallow brackish-water deposits;
and the upper Newby is a coastal marine deposit. The relative proportion of
polished grains to frosted and dull grains does not vary significantly throughout
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the Carrizo and Newby sections. Of all characteristics of clastic grains, surface
features are most rapidly effaced by exposure to differing depositional environ-
ments. Consequently the mixture of polish and frosting exhibited by the Carrizo
and Newby grains proves that modification at the final depositional site was in-
effective because of brief exposure, and that the surface features are largely in-
herited. More than half of the detrital-quartz grains exhibit a high polish. This
indicates that the intermediate site of deposition for these grains was a beach, for
only on beaches do sand grains receive the continuous, relatively gentle attrition
in an aqueous medium which is necessary to produce a glossy surface.

There has been some disagreement between Gulf Coast stratigraphers whether
the Carrizo formation should be included as the uppermost unit in the Wilcox
group or the lowermost unit in the Claiberne group. Murray and Thomus 11045)
did not find a disconformity between the Wilcox shale and the Carrizo sindstone
near the Sabine uplift. Stenzel (1933) described a pronounved dizconformity be-
tween the Carrizo and the Wilcox in east Texas. When these observational differ-
ences are united with the evidence for a beach phase immediately prior o the fast

~

deposition of the Carrizo and Newby sandstones, the explanation seems
In central Texas, the Carrizo and Newby sundstones of lower Cladborne age were
immediately derived from reworking of the upper Wilcox beadi mived
with some additional detritus) as a result of local uplift and subuerial exposure in
central and south-central Texas near the end of Wilcox deposition. ]
the greater magnitude of the unconformity in central Texis,
diminution or disappearance castward,
Additional evidence for the previous existence of such an upper W

acar Bastrop County is the presence of a well sorted, minor, granuic and very
coarse sand mode in many samples throughout the section. These grains were
nrobably transported to the Gulf during upper Wilcox time from a local souiheriy
source by streams which had higher velocities than the streams in existence
throughout most of lower Claiborne time. The granules were sorted and polished
by the surf and finally deposited as a well sorted coarse unit. After uplift. this
unit may have formed a thin cap, much as present-day Pleistocene gravels do in
Bastrop County. Lower Claiborne streams, carrying material from far back in the
source area, undercut the blanket of coarser sediment and caused the unconsoli-
dated former beach material to slide into the stream and be added to the far-
travelled detritus. Rapid transport to the final site of deposition did not allow
sufficient time to separate the two well sorted phases, and the observed bimodal
deposit resulted,

< exphting

EARLY TERTIARY TECTONISM IN SOUTHERN APPALACHIAN MOUNTAINS

The discussion has thus far been limited to consideration of a restricted part

oi the Texas Guli Coast Tertiary scetion in one locale, Indications of an Appala-

chian source for much of the Carrizo and Newby sandstones, however, permits

speculation on Tertiary sedimentation throughout the Gulf coast.,
The close of the Cretaceous period was marked in the Gulf const by general
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tailed petrographic work on the lower Wilcox and middle Claiborne (Queen City)
sands in central Texas is now being done in order to fix more precisely the begin-
ning and the end of this enormous influx of detritus from the Appalachian are: .
and to determine whether any minor tongues preceded or followed the main wave
of sediment,

The Mitchell uplift was epeirogenic, and the areq rose largely as a stable mass
which did not undergo any significant deformation. Uplift was presumably most
intense in the southern Appalachians, as this part of the range is most rugged
today. Relief is not so great as in the Rocky Mountains because the Rockies owe
most of their elevation to post-Miocene orogeny, and the more humid climzate jn
the southern Appalachians has accelerated topographic reduction and softenced
their surface contours.

The most important conclusions reached as a result of this study are the fol-
lowing,

1. Most of the detrital material making up the Carrizo and Newhy subgray-
wacke sands in Texds was derived ultimately from the southern Appalachian
area,

2. A tectonic pulse, here called the Mitchell uplift, elevated parts of the
southern Appalachians in carly Eocenc time and culminated with the deposition
of a large thickness of basal Claiborne sediments across almost the entire Guif
Coastal Plain.

3. Much of the Carrizo and Newby detritus was deposited as an upper Wilcox
beach sand before re-erosion and Lransport to its present site,

4. An area of maximum Wilcox uplift may exist as a subsurface high along
the Eocene trend between Bastrop County and the northeast edue of the Rio
Grande embayment where middle Wilcox rocks may be overlapped by the Mar-
quez shale or even younger units.
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DEEP DRILLING THROUGH CUMBERLAND OVERTHRUST
BLOCK IN SO ITHWESTERN VIRGIN[A!
DAVID M. YOUNG?
Dante, Virginia
ABSTRACT

Since 1948, when gas was discovered in commercial quantity i Buchanan County. 180 wells
have been completed in southwestern Virginia. Much of (he area under development lics within the
bhoundaries of the Cumberland overthrust block and 38 of the deeper wells hav penetriated a zone
of shearing near the base of the Devonian shale, This zone, which js very definitely indicated by
strong gas blow-outs whe;, drilled, is regarded as the s le of the Cumberland overthrust Llock,

INTRODUCTION

Thirty years ago Charles Buuts (1927) published the results of his discovery
and study of the famous fenster localities in southwestern Virginia where upper
Cambrian and Ozarkian rocks have been thrust over Silurian. Buus' interpreta-
tion materially changed earlicr ideas as he was of the opinion that the thrust plane
exposed in the fensters was the same as that exposed at the base of Pine Moun-
tain and that the thrust plane must, therefore, underlie the whole of the Cumber-
land block at shallow depth. This was the first expression of the idea of a “sole™
of the thrust block. The suggestion was made that the Devonian shale was the
zone followed by the thrust because of the greater likelihood of shearing on or
within such a formation.

Rich (1934) accepted Butts’ interpretation as the foundation for his explana-
tion of the mechanics of low-angle faulting as revealed by the Cumberland gver-
thrust block. In Rich’s words (pp. 1589-90)
the thrust plane may be pictured as following some zone of casy gliding such as the lower shale
of Figure 4 until frictional resistunce became 100 great; then shearing diagonally up across the

bedding to another shale; following that for several miles, and finally shearing neross the bec o
the surface.

Prior to the work of Butts and Rich there were various carlier investigations
of the overthrust block and boundary faults, notably those of Safford, Keith,
Hinds, and Campbell.

However, it was not until 1921 that the name “Cumberland” was first applied
by Wentworth who also established the presence of the Russell Fork fault en-
tirely across the block, thus showing a structural unit bounded on all sides by
overthrust faults. Wentworth’s cross sections, however, as well as others drawn
prior to Butts’ discovery and interpretation of the fensters, showed a thrust faul
extending indefinitely downward from the base of Pine Mountain,

SUMMARY OF DEEP DRILLING IN CUMBERLAND BLOCK

In 1948 gas in commercial quantity was discovered in Buchanan County,
Jirginia. Operators immediately undertook a ieasing program in this and adja-

' Presented during the joint field conference of the Geological Society of Kentucky and the
Appalachian Geological Society, Middleshoro, Kentucky, April 26, 1957.

* Chief geologist in charge of gas department of the Clinchficld Coal Company, division of the
Pittston Company.
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cent areas in the attempt to secure large acreage blocks held by the coal com-
panies.

The Clinchiield Coal Corporation, now a division of the Pittston Company,
held about 300,000 acres i Buchanan, Dickenson, and Wise counties, most of it
within the boundaries of the Cumberland overthrust block. ,

Instead of leasing its property, this company started its own drilling program
in 1948 and completed a discovery well in the Greenbrier limestone, or Big Lime,
:arly in 1949. Since that time the company has acquired a total of 400,000 acres
of oil and gas rights and has completed go wells, 35 of which were drilled to or
ihrough a shear zone near the base of the Devonian shale. In addition, other
operaiors have drilled three wells through this zone. The locations of the wells
peneirating the shear zone are shown on the accompanying map (Fig. 1) which
also delineates the boundaries of the Cumberland overthrust block in south-
western Virginia as well as its major structural {eatures.

Tabie T presents a summary of these 38 wells.

The total footage drilled in the 38 wells amounts to 225,000 feet or about 43
miles. Both 361 spudders and standard rigs were used with daily average footage
of as much as 45 feet for spudders and 39 feet for standard rigs. At the present
average over-all cost per foot for drilling and completing wells in the area, a total
expenditure of about 2} million dollars is represented. This does not include the
cost of fishing for tools stuck in the blow-out zone which in most of the wells was
the responsibility of the contractor. Ninetéen or one-half of the wells developed
fishing jobs in the blow-out zone and about 450 days were consumed in costly fish~
Ing operations,

CHARACTERISTICS OF BLOW-OUT OR SHEAR ZONE

In all but one of the 38 wells there was no question or doubt when the zone of
shearing near the base of the Devonian shale was penetrated. At the moment of
penctration the gas blow-outs were strong enough to blow the heavy drilling tools
up the hole. And, as previously stated, long and expensive fishing jobs developed
in many of the wells. [n most instances, the gas was exhausted within a few hours.
1t seems probable that this gas originated during the time of shearing of the
highly bituminous Marcellus shale at the base of the Devonian shale section.

The Devonian shale in southwestern Virginia within the area of the Cum-

berland overthrust block has about the normul thickness one would expect if

eastern Kentucky subsurface sections are compared and allowance made for re-
gional dip and thickening. The total shale thickness in wells drilled in the area

ranges from about 1,000 fect in those wells nearest the Pine Mountain fault to
ul fault on the southeastern boundary
, particularly
ntage of light or non-bituminous
elle. In Wise County,

about 1,300 feet in those nearest the St. Pa
of the block. Within the arca of the Cumberland overthrust block
in Dickenson County, there is a higher perce
shale than is usually encountered in eastern Kentucky w
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Tanne L Dara por 35 Derpe WELLS 1IN SOUTHWESTERN Vireivia Drivikn To or ThrouvGH

" SHEAX Z0NE NEAR Bask oF DEVONIAN SHALE

wells (1o2-192) Drilled by Clinchfield Coal Company

Well A-1 by Appalachian Development Company
Well H-3 by Southwest Oil and Gas Company

Wl P-3 by Pipeline Construction and Drilling Company

N

Days

Well Tatal Depile of Inte % L0 Bishing Stuck
Ne Deptit Blow-Qul ¢ 5“\ ferons Toals from
AR ; Blow-Oul
{Feet) {Feet) (Feel)
102 Y.3T3 3.847 35,%00 Not dr:lled o
o4 1,327 3,704 3.270 no 35
1oh 323 <L TR 3,752 Not drilled o
1 1,335 0,07 4,047 213 I
130 1,730 5.014 5,829 So 16
' 1,823 0, 204 b, 2604 Not dritled 04
' 1,300 3,860 5.82 42 [}
1 1,308 3.020 5.5950 75 ]
1 ro3h2 3,515 3 20 6
1. 1,050 5.527 72 17
' .83 0,104 63 o
T 2,504 6,08, 6.831 150 20
6,015 G5
123 5,340 3,12 103 o
113 0,330 6,305 60 74
137 6,123 0,033 i 82
13 3,738 5.0%0 50 1
144 0,400 0,153 40 o
150 0,033 0,847 03 26
132 0,100 6.007 60 7
154 5800 3,700 03 o
137 3.003 3.603 R2 °
100 3,192 4,040 230 1
102 374 3,005 35 °
163 5,248 5,103 53 o
167 3.743 1,017 173 2
170 3,400 5.157 234 Qo
T4 5,568 5.4% 52 1
170 5.%00 4,860 54 °
150 6,680 6,575 07 28
N0 $.506 3,386 200 o
Nz 0,050 6,824 118 T
NJ,» 7,044 0,017 8 I3
87 3,875 5.%75 Not drilled  Currently fishing
190 3.431 5,370 o
T2 5,778 3,080 o
A 0.057 4,855 o
3,370 o
J.,h 2.H00 3,348 No blow-out °
P 1,200 5,751 3,620 7

however. the few wells drilled through the Devonian shale exhibit characteristics
more similar to wells in the eastern Kentucky gas field.

Less than to per cent of productive wells in the Devonian shale in this and
adjoining areas are completed as “natural” wells. Most are brought in by heavy
shots of the entire shale section, usually with 8e per cent w&m::.uﬂ ’
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Usually, before penetrating the biow-out zone, the shale becomes dark and
highly bituminous. However, samples from the blow-out istelf are remurkably
different (Fig. 2). The shale has been metamorphosed to the extent that it is
coal-like in character. Commonly, veinlets of fibrous white calcite are associated
with the coal-like shale. The zone is thin, only a few feet, as samples ure rarely
obtained from more than one run of the tool

In Well 106 about 30 pounds of asphalt were recovered from o depth of 8752
feet in the blow-out zone. According to Headlee (1g57) this asphalt is similar
grahamite.

In two of the wellsa blow-oul was penetrated above i usual zone near the
base of the Devonian shale.

F1e. 2. - Sample of metamorphosed shale from shear zone near base of Devonian shale, in Clinchiield
Coal Company well No. 152, on Open Fork of McClure River near Nora, Virgina,

The interval from the top of the shear zone or blow-out 1o the top of the Cor-
niferous limestone js variable, usually from 335 1o 100 feet. The five Wise County
wells in the vicinity of the —3,000-foot contour show an interval from about 175
to 240 feet.

Three of the wells were drilled from 2 1o 1o miles northeast of the Russell
Fork fault and a shear zone was penetrated near the base of the Devonian shale
at depths comparable with those of the wells within the houndaries of the over-
thrust block (Fig. 1). In one well, drilled on the nose of the Powell Valley anticline
about 8 miles east of the Mississippian-Pennsylvanian contact, there was no evi-
dence of the blow-out usually encountered.

Subsea contours on top of the zone of shearing exhibit a dip toward the cast
and south of about 1,500 feet measured from Well 176, near the axis of the Mid-
dleshoro syncline, to Well 183 or at the rate of about 8o {eet per mile. In the same
wells dip as measured on the base of the Big Lime is slightly more than 1,200 feet
with southeastward thickening of the Devonian shale amounting to about so0
feet. These relationships are shown in the cross section (Iig. 3).
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Toward the northwest, the shear zone rises to — 3,000 feet and from that con-
tour 1o Pine Mountain the thrust plane must rise sharply as its outcrop on the
northwest flank of Pine Mountain is approximately 1,750 feet above sea-level at
Pound Gap. From Well 176 in a distance of about 4 miles to the outcrop, the
thrust plane rises from about —3.500 feet Lo about 41,750 feet or just a little
less than one mile. The base of the Lee conglomerate between the same points
rises from an eicvation 8f about — 700 feet 1o aboul + 2,500 feet or a total rise of
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F16. 3.+ Cross section ././ from Clinchfield Coal Company well No. 176
to well No. 183, showing regional dip.

3,200 fecL. The base of (e Big Lime in the sume distance has a total rise of about
3,900 fect,

As :a._nEnm on the map (Fig. 1), the subsca elevations of the shear zone in the
3 wells drilled northeast of the Russell Fork fault seem o fall irto the pattern of
those wells drilled within the limits of the Cumberland block

CONCLUSIONS
Cvidence ail 14» . » 2R . 1 .
ﬂ Evidence afforded by the 38 deep wells drilled proves a zone of shearing near
the base of the Devonian shale. The intense metamorphism of the shale in the

snear zone ol most of the wells indicates considerable movement, The araount of

movement, as am:a.::& by Butts (1927) ranges from 2 miles along the Russell
Fork fault to 10 miles on the Jackshoro fault in I'ennessee
the area of the Lee County fensters,

Ihe greater movement toward the southwestern end of the

ard about 7 miles in

block is evidenced

i i
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by *he configuration of the Powell Valicy anticline--broad and tlat-topped at
the southwest cnd and narrow and sharp at the northeast. Also, there was very
extensive thrusting at the southwest end along the Wallen Valley fault which
disappears toward the northeast end of the Powell Valley anticline.

According to Rich’s interpretation of the mechanics involved, toward the
southwest end of the anticline, the thrust sheared through from the lower 1o the
upper gliding bed and pushed beds forward for several miles. At the northeast
end with less forward movement on the lower giiding plane, & much narrower and
sharper anticline was formed. Still farther cast thrusting was comimed to only
the upper gliding zone with no anticlinal folding.

The evidence from certain of the deep wells seems to bear out the foregoing.
The Southwest Oil and Gas Company well drilled on the crest of the Powell Val-
ley anticline and 7 miles from the Mississippian-Pennsylvanian boundary ex-
hibited no evidence of blow-out or shear zone where the base of the Devonian
shale was drilled. Apparently here, the movement was on some plune lower than
the base of the Devonian shale. Well 187, located 4 miles northeast of the Mis-
sissippian-Pennsylvanian boundary, drilled the blow-out and is currently rshing.
The only wells drilled east of the Southwest Oil and Gas Company well are lo-
cated bevond the point where the axis of the Powell Valley anticline can be traced
in surface mapping. Three wells drilled within 2-4 miles of this point penetrated
the blow-out and zone of shearing in the Devonian shale.

Samples from the zone of blow-out and shearing penetrated in three weils
drilled northeast of the Russell Fork fault show less metamorphism and conse-
quently indicate less movement than in wells on the southwest. These wells are in
an area where diminishing movement is indicated by the northeastward expres-
sion of the Pine Mountain fault as the Pine Mountain anticline, the gradual dis-
appearance of the axis of the Middlesboro syncline, and the presence of Little
Pawpaw fault, & northwestern offshoot of the Russell Fork fault.

Tn conclusion, it seems appropriate to quote that great scholar of Appalachian
geology, Charles Butts (1940), who wrote as follows in concluding 2 discussion of
the Cumberland overthrust block in his “Geology of the Appalachian Valley in
Virginia.”

The interpretation stated above scems to be reasonably deducible from the facts as known at
present, but it should not be accepted 25 final,

Who knows what deeper drilling may reveal?
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STRATIGRAPHIC COMMISSION

DISCUSSION OF REPORT 3 NATURE, USAGE, AND
NOMENCLATURE OF BIOSTRATIGRAPHIC UNITS

AMERLICAN

IMMINSION ON STRATIGRAPHIC NOMENCLATURE

In connection with Report 5 of the American Commission on Stratigraphic
Nomenclature, published in the August, 1937, issue of the AA.P.G. Bulletin,
comments on this report were invited. The following response is considered
worthy of publication.

Epwix D McKeg, Chairman

COMMENTS BY CURT TEICHERT
U8 Geological Survey, Depver, Colorado

A reviston and daritication of hiostratigraphic nomenclature have long been overdue
and the American Commission on Stratigraphic Nomenclature is 1o be commended for
its Initiative in this itter. Nobody will be surprised to learn of differences in fundamental
concepts that huve to e ironed vut before a compromise can be reached. The following
comments on Report 5 of the ACSN are offered at the request of E. D, McKee in an
endeavor 1o stimulate discussion by presenting alternative viewpoints,

L Fhe Commission Report maintains that the use of the term “zone” in biostratigra-
phy i .:vn...(...w.:n;, by the fact that this word is also used in many other kinds of strati-
Ept_:n classification, However, many other terms, such as formation and series, used in
:..3:: J.S:_T‘Et:_c nomercluture, have more than one meaning in stratigraphy. In a
biostrutigraphic sense the term “zone™ is alwavs tied to the name of a fossil iJenus or
species, and, il so used, no doubt as 1o the meaning of the term can possibly arise. There-
tore, i my opinion, the term “assemblage-zone,” proposed by the Commission is unneces-
~arily 2::_,:7:.5,. I cun see no advantage in substituting “Globotruncana appenninica
assemblage-zone™ for the simpler term “Zone of Globotrwncana appenninica,” 1t is gencrally

- . Te - NP B YWal N N o :
w:;iic:; that this zone is characterized by the occurrence of Globotr uncana appenninica,

4 e BT . . N o - e . 4 H N M

.E, __:,m.( tand generatly does) :;:,::,::E_, species as well. That biostratigraphic zones
are ..Q::.._ by assemblages, though, for the sake of comvenience, named after just one
spectes or genus, has been well established sinee Oppel's time (about 1858) and needs no
further cr::,._‘:.:::. ./: wasemblige-zone™ as proposed in the Commission Report is
s¥Ynonymous with o biostratigraphic “zone™ as previously used. A faunizone is a zone
,‘r..:;,_ﬁc.‘_sc;.:v. an hmf::_;:nc of animal fossils, o lorizone is a zone characterized by an
wssembluge of plant fossils, Mixed fauni-tlori-zones do, of course, exist

Tis difficult 1o see how confusi Ath “miner: o ot i
e A _ji ~,.A_,., confusion with “mincral zones™ or any other kind of zones,

i ._.7 ::ﬁm name .;:Z tossil species or genera, could arise,

2. [ omruission I (! . . e e /Y Y 1
s Lomm i proposes the term range-zone” for the concept which many,
perliaps most, geoiogists sow designate as “biozone.” The latter term was first proposed
by Buckman, in roo2, us i time {erm 1o signify the range of organisms in i |
oy e po02: 1 4 T . gnity 1 ange of organisms in time.”” Later
authors used the term for racks in which defined venera nd species ocour o - H
e e (e ter , Lielined yenera and species occur and it is being

sed iRus a0 this country. Tt s hecause of this basic confusion that the C ission &
gests abandanment of the terim Lo i e ¢ sion that the Commission sug-
B andamment vi . ,.\::? 1t proposing the term “range-zone,” however, it
at the mion Report is not entirely consistent, Thus we re: stly
bt g ;N N ‘ sistent, Thus we read, firstly,
: {CA ITODOSE cks e 1 -
: MCV.JZ or ?n._f compnising the total bhody of strata through
cular taxo oMY (specie . '
it YOnomic entity (specics, genus, ete.) range or occur.”

which specimens of

!
i
i
|

;
1
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But later in the report we read that “range-zone'' is defined as a stratigraphic unit whose
limits “‘should always be drawn at the extreme limits of occurrence of a particular form,
vertically and horizontally, to include all of the strata encompassed by these houndaries
regardless of how much of the rock is lacking of the particular form.” This latter definition
makes range-zone a time-stratigraphic, not a biostrutigraphic term,

‘Time-stratigraphic units arc rocks which have heen deposited during a defined interval
of geologic time. Such an interval may be identified as the time between the appearance
and the disappearance of a species, genus, or other tuxonomic unit. During such o time
interval many kinds of rocks wili be deposited all over the world, in plices where this
particular species, genus, cte., did not exist, and correlation of such rocks can be made
only by indirect means. Henge, all the rocks deposited during this time helong to a time-
stratigraphic unit. A biostratigraphic unit, on the other hand, can be recognized only
by presence of it diagnostic fossil constituents. Where these are absent, the bhiostrati-
graphic unit cannot be defined and rocks in which a biostratigraphically significant fauna
or flora does not occur cannot be recognized as parts of a biostratigraphic unit. Tt foliows
then that the term range-zone as defined in the Commission Report does not fulfill the
requiremcnts of a biostratigraphic term.

It seems to me that no formal term is required for a “range-zone
Commission Report (“biozone” of authors), Although trilobites occur throughout the
Palcozoic cra, no necessity is felt to designate the total of Paleozoic rocks as the “Trilobite
range-zone,” This is an extreme example, put the case for families, genera, and even most
species would be analogous. Thus, the term “Atrypa reticularis range-zone,” while includ-
ing a wide range of rocks of Silurian and probably Devonian age, would convey a concept
of only limited geological interest. In 1go1, H. S, Williams proposed the term “biochron™
to designate the duration in time of a taxonomic unit, For such a term there seems to
be every justification, but rocks, other than biostratigraphic zones, deposited during such
palcontologically defined time intervals are better grouped as time-stratigraphic units such
as era, period, epoch, and stage.

3. ‘The statement in the Commission Report that fossils are “particutarly viduable™
in the “placing of rocks in a world-wide geologic time scale,” strikes me as aa understate-
ment, because it is difbeult to think of any presendy available method or tool other than
the study of fossils by which the same goal might be achieved, The hasic unit in which this
fossil evidence is organized, is the biostratigraphic zone. No “minceral zones™ or “zones™
based on any other physical evidence are known at present on which a time scale of world-
wide validity could be based. It would, therefore, he more correct to say that “fossils at
present provide the only available evidence Tor the placing of rocks in a world-wide
geologic time scale.”

v

as detined it the

REFERENCEN

BuekMmax, 8., 1902, The term Hemera: Geol, Mag, (4), v. 0. pp. 534-357-

Orren, A, 1850-1838, Dic Juraformation Englands, Frankreichs und des siidwestlichen Deutsehlands,
nach ihren einzelnen Gliedern eingetheilt und verglichen: Wiirttemberg Naturwiss, Juhresheite,
v.o12,pp. 125556 (1850), v, 13, pp. 141-288 (1857), pp. 280300 (1838), v. 14, pp. 120 201 (1838).

WiLtaans, H. 8., rgor, The discrimination of time-values in geology: Jour. Geoll, v g, pp. 370 583,




PTLLETIN O HEAMERICAN ASSOCIATION OT. PETROLEUM GEOLOGISTS
A1 Al 1 INCVEMBER, 16037), PP. 25/6.2583, 2 FIGS.

GEOLOGICAL NOTES

TURASSIC STRATIGRAPHY IN ELK ZOG./:?iZm.
1,._, CENTRAL COLORADOY

the Colorudo Plateau are relatively well under-
N _:._c..,.: oi thelr detailed stratigraphy in z:.
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formation. The basal contact in these areas is considere
the greatest observed divergence in atiitude is only 2° of difference in
Jack’s Cabin. The _T:.pmm_n.. however, non-conformably overiies
schist toward the south near the town of Almont. Thus the
increases gradually between Marion Creek and Virginia Ridgze,
ately between Virginia Ridge and Jack’s Cabin, but expands
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Mountains,

west of Jack’s Cabin. Much of the hiatus in the southern part of the arca may
result from erosion hefore or during Pennsyivanian time (Langenheim, 1952, 1954)
but it is also possible that more erosion took piace in the Almont arca immedi-
ately preceding Jurassic deposition than elsewhere in the Elk Mountains.

The significantly thicker basal sandstone sequence at Muarion Creek and
Thompson Creek consists of two thick units of fine to medium, white, medium-
scale cross-bedded sandstone separated by a much thinner limestone, shale, and
siltstone unit. The lower sandstone is the Entrada sandstone as recognized by
Baker, Dane, and Reeside (1936, p. 27, Fig. 5, secs. 15 and 19). The intermediate
fine clastic and calcareous unit may be the Curtis formation. This thin-bedded,
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rada sandstone because of its similarity to the Entrada
1 Creek and Marion Creek and because of the apparent
.nirada sandstone between the two areas.
ormation ia the Eik Mountains is thus considered a wedge-
< generally southwest toward the Uncompahgre uplift. This
«:ross minor positive areas extending into the Coal Creek-
znd Virginia Ridge-Red Mountain districts. The Curtis (?)
e sume ared consists of a thin, discontinuous sheet of fine clastic
tenate rooxss The basal sandstone member of the Morrison formation
ernoof the Entrada sandstone in the central and northern Elk
i~ assumed absent in the southern part of the range.
Zmestone with interbedded fise clastic rock characterizes the
Tl omestone miember of the Morrison formation which overlies the basal
sione sequenve. Baker, Dane, and Reeside (1936, p. r9) and Vanderwilt
T3t mentien prominent non-marine limestone beds in the lower Morrison
Dol Rearing Fork Valley, Snowmass Mountain area, and at Virginia Ridge.
s s ine-grained to sublithographic, lht gray, and weathers white.
prominent fresh-water clam shells at many localities and bits of
i 2t most places. Coniferous wood of an undescribed genus (H. P.
remmunication) occurs in interbedded mudstone at Virginia
actenstically developed, this limestone is differentiated irom that
‘x: mudstone by s light gray color, thicker beds, parallel bedding,
re.anive purity. It lacks the included sand, dark color, thin bedding, and
et Dok shile of the Curtis (?) formation. The non-marine iimestone
nem cq..' s rezciy recognized and includes Hite mudstone between Brush Creek
muteld Parkoat Hunter's Hill, and a1 Coal Creek. The member is poorly
< bevause of interbedded mudstone at Thompson Creek and Marion Creek
~ o recoznized at Almont,

Mhe over

18]
IS
3]

e mudstone member of the Morrison formation r

. ., . . N:Emm:.oBMMo
o ,.‘/nmﬁ.m LRk exvepting the g1o-foot Red Mountain section and the 220-foot
Creex seciinn, Green and purple mudstone in layers up to several feet thick
s ke member and weathers to form bench-like slopes, Blocky chips of
Istvie retain the color of the fresh rock. Layers of dark gray to

irple-zroy siltstone and sandstone are of sccondary importance. ‘Hrmmn

R

Culnvien M

~

e o Y,
Jreen or

ersare entiveaer and generally have a sharp basal contact, graded bedding
Fma-scale cross-bedding, Cearse material is not

o . X : ably absent, excepting chips
of reworsed mudsiene. The sandstone and siltstone is generally less weil sorted
9 size and composition than the Entrada sandstone or sandstone member of the
Muorrison formation. but some coarser heds are comparable with the basgal sand-
e member of the Morrison formation. Beds ranee i ickness § '

e Lo ‘ s range i thickness from less than
i to approximately 2 feet and may be Rrouped in units 20 feet thick These

are centicuiar and not traceable over long distances

hut comparis
T . . 'k R arison of the
irzinia Ridge and Red Mountain sections (Fig. 2) suggests that some are at

-
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least 3 miles long. Furthermore, generally coarser sequences within the mudstone
seem to be roughly correlative over longer distances (Fig. 2). Some of the mud-
stone is calcareous and grades into muddy, nodular limestone. These rocks ure
dull purple to gray-purple, form nodular beds 1 -4 inches thick, and weather to
thin plates rather than blocky chips.

The mudstone member has not yielded fossils in this area. It appears litho-
logically similar to the Brushy Basin member of Craig and others {19357 but
does not contain abundant coarse clastic rocks characteristic of the Salt Wash
sandstone and Westwater Canyon members on the west and southwest |

The Morrison formation is succeeded by medium to coarse, buff, generaliv
quartzitic sandstone of the Dakota quartzite. At some localities, granule or
pebble conglomerate marks the base of the Dakota guartzite. North of Almonmt
the two formations are easily recognized, but near Almont abnorm: Iy thin
Dakota quartzite rests on 65 feet of covered rocks. Twenty-five feet of mudstone
resting on a prominent 7-foot sandstone ledge are below the covered interval,
This sandstone might be confused with the basal Dakota quartzite as minor
interbeds of mudstone are known in the Dakota quartzite. The sandstone
however. closely similar to sandstore in the Morrison mudstone and the over-
lying mudstone is more closely comparable with Morrison mudstone than with
Dakota mudstone,

The roughly similar pattern of thickness of the Entrada sandstone and the
underlying Maroon and Gothic formations (Langenheim, 1932, 1G34) SUZECSLS
the continued importance of the Uncompahgre clement of the Ancestral Rockies
during Jurassic time in this area. Local extent of this positive area toward the
northeast is, however, restricted to the central part of the Elk Mountains during
deposition of the Entrada sandstone. Relative uniformity of the mudstone
member of the Morrison formation, furthermore, suggests that the Uncom-
pahgre element was inactive in latest Jurassic time and no residual hizhlands
are indicated by the rocks.
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WAATION (UPPER CAMBRIAN) OF MONTANA:
CHRENTINA LOCHMAN-BALK?
wro, New Mesco
I the Trear' o Marine Ecology and Yaleoecology, Volume 2, Geologica:

nr 67 {1957), the juxtaposition of two articles—* Paleo-
an of Northwestern North America,” Chapter 7, and
s Cambrian in Montana and Wyoming,” Chapter 8—called
ication of the term Snowy Range as a rock name,

The name Srowy Range series was used by Runner (1928) to include forma-
tons of Precambrian age described by Blackwelder (1926) in the Medicine Bow
Mountains, Wyoming, Blackwelder (1935), however, did not use the name
Snowy Range series in his paper, “Summary of the Pre-Cambrian Rocks of Utah
and Wyoming.” which included a discussion of the Precambrian rocks in the
Medicine Bow Moumains. According to the records of the Geologic Names
Committee of the U. S. Geological Survey, the name Snowy Range series has not
appeared in print subsequently until the 1957 article by Fenton and Fenton in
which the series name was used without reference to the formation names estah-
lished by Blackwelder. Apparently through an oversight the use of the term
Snowy Range series in 1928 was not entered by Wilmarth in the “Lexicon of
Geologic Names of the Unired States™ (1938) as at that time abstracts as well as
formal papers were checked for new nomenclature. However, now authors are
advised against introducting new names in abstracts.

In 1938 Dorf and Lochman cstablished the name Snowy Range formation for
an Upper Cambrian lithic unit in southern Montana and in their 1940 paper,
“Upper Cambrian Formations in Seuthern Montana,” the unit was fully dis-
cussed, giving a detailed lithologic description of the unit at its type locality.
Subsequently, the name has been used consistently throughout southern Mon-
tany and has appeared in print many times.

According 1o article 9 of “Classification and Nomenclature of Rock Units,”
Ashley ef al. (1933). and Report 4 of the American Commission on Stratigraphic
Nomenciature on “Nature, Usage, and Nomenclature of Wonr-mﬁm:mapvrmn
Units,” Cohee e al. (1936), a name that has become well established in use shall
not be displaced, merely on account of priority, by a term not well known or
only slightly used. George V. Cohee, chairman of the Geologic Names Committee
c.m Qm.ﬂ.srmm States Geological Survey, advises: *‘that the Snowy Range forma-
tion of Dorf and Lochman has heen adopted by the U, §. Geological Survey and
at present we do not see any need for g change in our official classification.”
I 52.&..0?. seems advisable that the widely used name Snowy Range forma-
uon be retained for the Upper Cambrian unit ratk.r than abandoned in favor of

Society of Ame
ecology of the
“Paleoecology
altention to a

P Manuseript receive

» September 3, 1957.

* New Mexico Institute of Mining and Technology.
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the slightly used series name in the Medicine Bow Zc:_:&sa... I wish .. thank
R. M. Stainforth for calling my attention to the duplication of names.
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WHENCE CAME THE HYDROCARBONS?

WALLACE E, PRATT?
Carlshad, New Mevico

: ws reported inthe July Buldleiin, pages 1387~1402, our salty
t, Ted Link, tukes mild issue with Fred Hovle, author of Frontiers of Asiron-
einy, and chaffs him lizhtly for his cavalier dismissal of our favorite theory of the or sanic
origin of oil, Hovie dubs this theory an idea that oil is “produced from decayed ?W].
strange theory 1 has been in vogue for many vears,” Y Y
Fed then looks skeptically at Hoyle's own :wncc‘ of the origin of the carth’s oil re-
sources, Hoyie noting the common occurrence of hydrocarbons in meteorites—suggests
:_:‘,, our stores of hydrocarbons have been concentrated out of the original &mchm:mﬁ.Q,_
3““: «carbon content of the planetesimals and meteoritic fragments which constitute the
® ol the earth substance. ,
Lis clearly not convinced of the validity of this theory of origin but even if it were
ur il might stiil have had anorganic origin, he thinks  because the hydrocarbons of
meteonites may themselves he of organic origin, Many meteorites which the earth sweeps
mﬂ In its 01:" .“Zac::mm the sun are believed to be ?nr..Ec:? of a disrupted MSBQ,EM“WM
ROSC oy ) ! HAY o Xy ~C i ¢ ¥ i Thi
. ?:.csmwmvu:‘mﬂ..,; MWM.,.,?: those of Mars and Jupiter, This former planet, Ted belicves,
~ These reflectic 15 on the petroleum geology of the Planetary svstem lead Ted to a ple
:_n 2.7.'% .moo«.‘.c.q.":.uos h.,:; exchange of opinion between carth ‘znm.n:mm?. and mn:osng_cnamp
he arigin of life itself must be introduced into the picture” . ., “In general Em biologists
b eveL m?: ms?:r‘:” acting upon certain inorgunic substances under given r<ﬂ__m ,~
Conditions gives rise o what appears w be the most primitive of organie cells m:%r .v” 1 m-
ﬂ:“ H.F_«,.,_. wa :EV_J.:, that if the carth were a globe alt by itsell wandering about in mmmmw
00 1ar removed from our sun, or any or similar sun, te w , i
and consequently no hydrocarbons as Mﬂﬁw_rrnsﬁw,_uzhwﬂ_u:w noffe would be generated on -
7.::_:.:.5 geetogists will applaud our past-presidents plea that geologists and ast
omers work in closer unison, Both sciences are confronted with problems %:: ,uz - :5”
ol :%;:.Q:?..:u.. But. geologists, overwhelmingly devoted to g :EQ, f ¢ occurrence
r:” H .....:.:.~ ~ buunteous stores of r.ﬁ?co:l::f... are puzzled that ZHM oﬁwﬂnmz.n. o«m«.:
evidences of even r_qn...;. volumes of hydrocurbons than the 3.2: owr,...n.wmcas.m: :@
:_E.,..cm,, most distant from the sun—*Too far removed from oE.”,, ’ :n,mow. oy .H ar
sun” for life to “be generated * 1o quote again our past.presii sun, or any other similar
Methane, the simplest hvdrocarl f . _  polymetiati
leum family can be .FWT‘.;.; msc_:“h.‘vw”_.;qﬁ.:: :,r:.r hy wc_v‘:..ﬁ:x::o: the whole petro-
svstem. According to Excyclopaedia wl\n:ymw ..A.,”MM% N_., el outecrefons of the soar

Ity his preside
past-president,

The corspicuous ahsorpti i i
The cans < ebsorption bands in the red and infra-red iter” ise f
monia and methane, The methane bands corresponds to N—_go:ﬂ..m‘—z_wwﬂ.:mn spectrum arise from o
B mile of methane at  *mospheric
Saturn's spectrum {temper; “Chdispl:
~Surn s §p molemperature — 2o )
s 8 spectrun perature —150°C.) displavs red and infra-red
._””. Uted with Cm::BE:T. of ammonia and methane
he spectrum “ranus ¢ ains ot of absorpt i
o u—:/. I sbectrum of ;/-._:”.:“....: uns a number of absorption bands similar to those in the spectra
Septunes spectrum shows that the absorption by its g 3
e TR A S Jamiten tae atmorpti & atmosphere of the red in the incident
. : c T E Sranus primarily to s ands Y
tune's tempers : aced at —330°C 18 1 i Y strong bands ! y P
th ;r.:..,; of hﬂmﬁmﬂm.wf m._.,ﬁ.; ._._w 340°C. Tt is 30 times as distant from :uw LE pnAMM .mwrmrp:wr ./_m*__..
npess of 18 methane blanket, measured under atmospheric conditions: »f tempet Sand pres.
sure, 1s estimated at 23 miles (3¢ times that of Jupiter) Hon= o1 Lemperature and pres-

absorption bands that have

{ all n——mb mﬂthn civ wU— Y QNS 8}
. If 4 R able (CT'::P. Cm TA.A:‘CO":._V s C > 1stine 1j 3
. :m. : m : A s Cime :.O_.D pre owxav.::q ——mng v Tﬁﬂﬂ.
/430300 came L‘»C T-/.QNOOQ.—‘VQ:,/, 2! 3
- ,/ANLC%A:«F received, -./C%Sﬁvﬁ 1. 1057, 2 A\O:'l.r_:;_.. nt, Box 209 AunwlewL ,
d N B
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REVIEWS AND NEW PUBLICATIONS

* Subjects indicated by asterisk are in the Association library, and are available to menbers,

DETERMINATION PRATIQUE DES FOSSILES, BY ANDRE CHAVAN
AND ANDRE CAILLIEUX

REVIEW BY NORMAN D. NEWELL!
New York, N, Y.

Détermination Pratique des Fossiles, by André Chavan and André Cailleux. 388 pp., 586
figs.,, Masson et Cic., Editeurs, 120 Boulevard Saint-Germain, Parisx 67, 1 rance.
Price, 5,800 fr.

This 1s an attempt to provide general geologists with a handy one-volume puid
th.c identification of genera of fossil animals, including both invertebrates and vertebrates,
and plants. Publishers have long been aware of a real need for handbooks on fossils com-
parable with the popular guides available for identification of minerals, plants, insccts,
ete. Fossils are very much neglected in this publication field for very good reasons, The
market is small and diffuse, and the kinds of fossils are legion in number. They are far
more diverse than living birds, which require many fat volumes for even =ummary de-
scriptions, Thus it is out of the question to assemble the data in one volume on ull the
fossil genera that are likely to be encountered by amauteur or ficld geologist, Yet general
handbooks that are incompletc are necessarily of limited value,

The most useful handbooks in paleontology iltustrate and describe the chiel species
of particular regions. Because of the limited market this kind of publication is generally
feasible only for public agencies such as geological surveys and natural history nuscums.

The fossil genera selected for this book are mainly cosmopolitan with emphasis on
Mesozoic and Cenozoic forms. Genera are broadly conceived (¢.g., the fusulines are repre-
sented by two genera), and not all of the fossils cited are illustrat~d. There are more than
2,900 entries and these are covered in an extraordinary synthetic key of 150 pages, similar
to those of entomology and botany, to aid in identification.

The general plan of the book suggests that the authors have written especially for
geologists and amateurs with little or no formal training in paleontology. From the stand-
point of the amateur this may be considered laudable although he probably would con-
sider the book very expensive, If the field geologist considers the accurate wdentification
of his fossils rcally important, he will, of course, have the good judgment to submit them

to a qualified expert for study.

¢ for

RECENT PUBLICATIONS
ALBERTA

*«Cambrian and Precambrian Geology of Southern Alberta,” by W
Gussow. Alberta Soc. Petrol. Geol. Guidebook, 7th Ann. Field Conf., Waterton, September,
1957. Reprint of 15 pp., 2 figs,, 4 tables,

, AUSTRALIA

*“The Oil Geology of the Australasian Regions,” by J. C. M. Taylor,
Vol. 20, No. g (September, 1957), pp. 327-30; 1 photo, x map. Leonard Hill Techni
Group, Stratford House, 9 Eden Street, London NW. 1, England.

fam Carruthers

Petrolciom,
cal

! Professor of Geology, Columbia University, Review received, August 29, 1957,
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GRITISH GUTANA MARYLAND
. .,,..r_...mv:.: :::t:. el _,:.AQ ! Hm:,x v ,L:m,ez :.% the Coastal .f..nu Zo.&r West District, *“Miocene Fossils of Maryland,” by Harold ¥, Vokes, Maryland Depl. Geel. Mines
British Guinea, o Blewekley, Rept. Geol. Survey Dept. Brit, Guiana, 1955 (x956), and Waler Res. Bull. 20 (Baltimore, 1057). 85 pp., 31 pls.

Appendix T pp. 30 000 Georgetown, Demerara. Price of complete report, $2.

i MEXICO
CALIFINIA o o o o o
. e w . *“Bosquejo Gedlogico del Territorio Sur de la Baja California,” by Federico Mina U
Lo . ermizn Rocks of the Southern Inyo Mountains, California, ' Bol. Asoc. Mexicana Geol. Petroleros, Vol. o, Nos. 3-4 (March-April, 1957), pp. 130 200:
U8 Geol Sur: 7.1 tiggyd. Govio Printing Oftice, Washington 25, D, C. 18 figs. Apartado Postal 20901, Paseo de la Reforma 1, Mexico 1, D. F.

Price, So.r3.

“Geology of the Mandy Peak Quadrangle, Southern Panamint Range, Cali- MIDDLE EAST
ohison. Cnie. Califernia Pub. Geol. Sei., Vol. 30, No. 5 (1957), *“A Short History of Exploration in Kuwait,” by A, F. Fox, World Petroleum, Vol

tests Undvensity of California Press, Berkeley and Los 28, No. 10 (Septemkber, 1057), Pp. 94-09, 102, 107; 3 fis.

MINNESOTA

“Upper Middle Ordovician Stratigraphy of Fillmore County, Minnesota,” by Maleolm

4
Angeles, Pr

COLORADO

P. Weiss. Bull. Geol. Soc. America, Vol. 68, No, § (August, 1937), pp. 1027-02: 2 figs.,
5 pls.

" Recent Deveropmenix in Off Shaie,” Hhy Arthur Matzick and Russell J. Cameron.

o Potradarye ol : vyt ary1iar .
Worid Prtrolewm, Vol. 28, No. to vSeptember, 1037). pp. 68-71; 5 photos, 2 sketches.

GENFERAL NORTH DAKOTA

“Halite Deposits in North Dakota,” by Sidney B. Anderson and Dan E. Hansen,
North Dakota Geal. Survey Rept. Inv. 28 (Grand Forks, September. 1057). 2 sheets, Price,

$1.

Pre-Permian Hawdhoal of e Hugoton Embayment, edited by William R. King
;.:.Q.H,.;..,. 1630). County-hy-county data on pre-Fermian tests in Hugoton embayment
of ..,:.::..h riio basin, embracing parts of southwestern Kansas, southeastern Colorado, the
7.?7 .H ?:E_? and adl of the Oxiahoma Panhandle. 214 pp. 6X o inches. Clathbound
Liberal Geologicul Society, Box 364, Liberal, Tansas. Price, $13.

] ..T::.NJ Facies of :_..c ::E:.ﬁ Embayment in Morton County,. Kansas, Texas
County, Ckluhoma, and Cimarron County, Oklahoma,” Liberal Geol., Soc, Type Log No. 2
N.._n.:,c.&x.,.. 1036). Prepured Ly Stratigraphic Commitiee, W. R, King chairman, Ibid
Price, 82, . . .
* “Bibliography of North American Geology, 1940-1049,” by R. R, King, E. M. Thom
. 8. Loud, and Muarjoric Hooker, (.S, Geol. S ! (ros7). 'Bibliog :
cand Marjo LS. CSurvey Bull. 164 P i 4
pp. 1-1033: Pt. 2, Index ieen ) ) o E‘?c?v_.u \: 1, Bibliography,
. 33 L. 2. IACX, pp. 10352205, Suet. Documents, Govt. Printing Office, Wash-
mgton 235, D, C. Price, 85.75 per set. . , .
. :..w%:“v;n?i Bibliography and Index Map of Sult Deposits in the United States,”
S Geal Sureey Bull, rorg-J. Govt, Printing Offi i i ¥
Suree) . J. . Office, v, Public D nts ing-
ton 25, D, C. Price, $0.60. ) . peuments, Washing
**Behavior of Materials | X “ C '
t Materals in the Farth's Crust,” 2d al s i
: A sarth’s Crust, winual symposiu
Mechanics, Quar. Colorado Schoo! Mines, Vol, 22 ; uly m on Rock

us. Price, Sz, 52 No. 3 (Golden, July, 1957). 306 pp.,

Pre-Mesosoic Palcogeologic Map. Ihid., special map. Scale 111,000,000, Price, $t.
OHIO

*“(ieologic Cross Section of the Paleozoic Rocks from Northwestern to Southeistern

Ohio,” by George G. Shearrow, Ohio Geol. Survey Rept. [ne. 33 (Columbus, 1057). 42 pp..

2 figs, Cross section on sheet 26X 21 inches, Price, 8o.50 plus 2¢ in Ohio,

OKLAHOMA

Geologic Map of Criner Hills, Oklakoma, by ¥., A, Frederickson. Oklakoma Geol. Nurvey
Map GM-4. In color. Scale 1:20,000. Norman, Okluhoma (1957). Price, mailed in tube,

“o.ﬂm- . . ~ v .

Proc. 5th Biennia! Symposium on Subsurfuce Grolugy, edited by € art A, Moore, Univ,
Oklahoma School of Geology, Norman (19357). 167 pp.. 10 original articles, Problems of
carbonate reservoirs. University of Oklahoma, Business and Industrial Services, Extension

Division. North Campus. Price, $5.

OKLAHOMA-TEXNAS PANHANDLE

KENTUCKY G . Lo .
*Pinpointing Panhandle Possibilities,” by Carl A Moore, World OQil, Vol 145, No.

“Coul Resourees of the C g ‘olic .
mc:.c%w. xn_ Al_cmﬁ:,#:m &n n.é?.c: b:;a.ﬂ:r.?. Wolie, Lee, and Breathitt Counties, 4 (Houstor, Texas, Scptember, 1957), pp. 83-88: 2 figs., 1 table,
tueRy. by R Briges, U, 8. Geol. Survey Cy2, Coal Tnv. Map Ser. (September,

19571. Sheet 41X 42 Inches. Geological Survey, Washington 25, D. C, Price, $o e ROCKY MOUNTAINS
- ’ B ] "7 5.

*Rocky Mountain Oil Directory, 19357-358. wsth annual issue, 102 pp. Compiled and
published by the editors of the monthly Rocky Mountain Oil Reporter, Box 1400, Ienver,

Colorado. Price, .mu.

LOVISTANA

= Pleistocene Bere e 5 i »

- Hm_twwcn:: mﬁ,e,_:._.: the Edge of the Continenta] Shelf Southeastern Louisiana,”
A H o Akers anc AL L Holek, Budl, Geol. Soc. Americq. Vol Vo. .
e e 4. erica, Vol, 68, No. 8 {August, 1957),
y N../ arsuriace Neidiments of the Continental Shelf off Louisiana,” by H. N. Fisk. Proc
Ky ». ‘,.‘f.. ; , + N uv e ~ . Al . =i ;] . . i3 . -

' Texas Conro Soit Mechanics and Foundation Engincering (Austin, Sente be
1636} Reprint of 36 pp.. 26 figs, in colars. ,.abraiilw

AN

RUSSIA

Geological Science Section of Procecdings of Academic of Sciences, USSR {DokJudy),
(1957), covering advanced Russian research in geology, in complete English translation.
6 issues per vear. Staple bound, including all iltustrations. Consultants Burewu, 227 West
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N.w:g Street, New York rr, N. Y. Annual subscription, $200.00. Single articles, $5. Table
of contents free on request.
u..\ua?.? on Origin and Migration of Petrolenm (1953). A collection of 11 papers in
w:m./.w»._g.‘won pp.. 30 figs. The Geological Institute, Academy of Science, USSR, State
Public Library, Ukruine Academy of Science, USSR, Kiev, Vladimirski 55a, Price, 18 rub.,
35 kop.
TASMANIA

. *Stratigraphy of Tasmanian Limestones,” by Maxwell R. Banks. Tasmanian Depl.
Mines, Geol. Survey, Min. Res. o (Hobart, 1057), pp. 39-835; 12 figs. Reprint by Univ.
Tasmunia Geol. Dept., Pub, 48 (June, 1957). 4 ]

A Type Scetion of the Permian System in the Hobart Area, Tasmania,” by M. R,
Banks and G. E. Huale. Papers and Proc. Roval Soc, Tasmania, Vol, or (Hobart, :wﬁv, PP
31-04: ¢ figs, Reprint by Univ, Tasmania Geol, Idept., Pub. 52 (June, 1957). '

TENNESSEF
A wlogy and Coul Resources of the Ploneer Quadrangle, Scott and Campbell Coun-
ties, Tennessee,” by Kenneth J. England. U. S. Geol. Survey Map C39, Coal Inv. Ser.

(August, 1037). Sheet 42X 56 inches, Seale 1:24.000 (1 inch equals 2,000 feet). Geological
Survey, Washington, D, C. Price, $0.73.
TEXAS

*Occurrence of Qi and Gas in West Texas, compiled by the Bureau of Economic Ge-
c_om&.. University of Texas, in cooperation with the West Texas Geological Society
Edited by Frank A Herald. Undv. Texas Pub. 5716 (Austin, 1057). 342 pp., illus. :m
papers by 1oy authors. 8.5X 11 inches, Clothbound. 2d volume in a series on data pertain-
ing 1o vccurrence of oil and gas in Texas, The prior volume was, “Occurrence of Oil and
Gas in Northeast Texas™ (Pub. 3116). Contains structure maps, graphic type sections of
re w, penctrated, and cross sections for most of the fields, Bureau of Economic Grology
University Station, Box 8022, Austin 12, Texas. Price, $10. S

CTAY

!.ﬁ,. apse Features, Temple Mountain Uranium Area, Utah,” by Paul F. Kerr,
wr:m W, w.ri:#.. Jr. Dana R, Kelley, and W. Scott Kevs. Bull. Geol. Soc. America, Vol
63, No. 8 {August. 1037), pp. 033-82: 33 figs., 3 pls.

WYOMING

“Geologic and Structure Contour Map of the Tisdale Anticline and Vieinity Jchnson
and Nutrona Counties, Wyoeming,” by Everett E. Richardson. U. S. Geol, .m.:x.&ua” oM w.w.u
Ol and Gas Inv. Ser. (September, 1937). Sheet 40X 51 inches. Scale 1 nu‘u 680 (2 ,.501?”
equal 1 mile), Geological Survey, Washington D, C., and Denver Federal Om:F__. U__,.=<3,
Colorado. Price, 80.30. T ‘
o Nowtheeest Wind River Basin Guidebook, 1937, prepared by the Guidebook Comemittee
tor the r2th Annual Field Conference of the Wyoming Oco_mnmna_ Association nno.ﬁv 4
mnn_:.;c:.,.,. Stratigraphy, structure, maps, and extensive road logs. Petroleum r.;o_.s»ws.ms
,/pMF..z .f?u:. Wyoming Geological Association, Box 2432, Ommvm_.. Wyoming. Price ,.ooc:am
vaiune, S, ] .
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ANNOUNCEMENT OF ANNUAL MEETINGS
AAPG-SEPM,
LOS ANGELES, CALIFORNIA, MARCH 10-13, 1958

(The Pacific Section is host)

The 43d Annual Mceting will be held jointly with $.15,P.M."s 32d at the Biltmore Hotel
in Los Angeles, March 10-13, 1958. These meetings will be outstanding in every respect.
The Phitharmonic Auditortum, directly across the street from Convention Headquarters,
will be used for joint meetings and A, AP.G. technical sessions. Exhibits will be in the
Biltmore Ballroom and Foyer, and S.E.P.M. technical sessions will be in the Biltmore's
Music room. Association fellowship will be promoted in all these places and in the Bilt-
more’s beautiful “Galleria’ rooms where registration will begin on March ¢ and continue
throughout the convention.

Technical Program,~—The list of technical papers will appear in a later Bulletin,
John Hazzard and the Program Committee already have a long list of excellent papers.
A joint symposium arranged by SEP.M. aud the AAP.G. Resecarch Committee on
correlation methods and criteria will be held Monday. Tuesday morning after joint
opening ccremonics, H. S. M. Burns, president of Shell Oil Company, New York, will
speak on a topic of importance and interest to all members, Technical sessions of ALAP.G.
will offer a collection of papers of continental scope concerning lands hordering the
Pacific and also on the subject of overthrusting in relation to oil occurrences. Qutstanding
papers of general interest on other subjects will be presented at still another sessior,
S.E.P.M. will cover a wide range of topics: silica in sediments, mineralogy, sedimentary
petrclogy, and paleontologic and stratigraphic subjects.

Field Trips.—Harold H, Sullwold, Jr., and a capable and enthusiastic committee
are planning the following trips:

A. 320-mile, 34-hr.aerial-guided tour affording an unsurpassed view of the spectacu-

lar structural geology of Southern California (repeated several times).........  approx, $30.00
B. To Western L. A. Mvmms and Harbor arca, Mon., 8 hrs,, including lunch...... approx. g5.00
C. To Northern L. A. Basin, Wed., 8 hrs,, including lunch. ................... approx, 5.00
D. To SE. L. A. Basin, Thurs,, 8 hrs., including lunch. .......... ... e approx.  §.50
E. Ventura Basin, Fri., 1o hrs,, includinglunch. . ........ ... ..o approx, 6.c0
T, L. A. County Museum and Hancock Foundation (repeated several times). ... 4 hrs. 1.50

A continuous program of field excursions is being planned to operate throughout the
convention as poth a geological supplement to, and an outdoor diversion from, the
technical sessions. A select crew of writers and guides is being assembled to compile the
guidebook and conduct the tours on the land, on the sea, and in the air. Committee chair-
man is Harold H. Sullwold, Jr., and guidebook editor is James W. Higgins. Road logs for
all the trips, as well as many additional geological articles on the Los Angeles and Ventura
basins, will be included in a single guidebook. Washed Foraminifera typical of the forma-
tions visited will be provided trip-goers by the S.E.P. M.

In order to make it possible for vou to mark the proper boxes in the pre-convention
questionpaire a brief summary of cach trip is herewith presented. These plans are fairly
definite, but not absolutely fixed, and are therefore subject to some modifications.

TRIP A. AIRPLANE TRIP. This trip, atranged by John Shelton, will be by char-
tered airliners, probably the Constellation Super G. Tt will cover 320 miles, affording the
geological sight-seer opportunity to see and photograph the tvpical spectacular faults,
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{olds, geomorphology, and oil fields of a large part-of Southern California. The flight will
include the Los Angeles, Ventura, Cuyama, and San- Joaquin Valley oil districts with their
situcturally complex adjucent mountains plus a 75-mile segment of the San Andreas
fault, These fights ore planned for early morning and late afterncon to take advantage of
side lizhting and will he repeated as often as necessary to satisfy demand. Each flight will
be directed and narrated by a competent guide, Seats will not be sold over the wing; the
pian is to have two passengers at each large window with a good view. As the planes must
Lo reserved inoadvanee it may be necessary to sell some seats by mail for the early flights.
Cancellation and refund may be necessary in case of bad weatier or insufficient sales. The
estimated cost iz $30 including bus ride to airport.

TRIP B. WESTERN LOS ANGELES BASIN. This trip will include several of the

felds slong the fabulous Newport-Inglewood trend, outcrops in the Palos Verdes Hills,
¢ huge Wilmington oil ficld with its drastic subsidence problems, and a two-hour boat
irip through Long Beach harbor to an offshore oil field on a man-made island. Tom
Rothwell is in charge, and cach bus will have an eloquent guide (as on all the trips). This
trip which i~ scheduled for Monday, will take about eight hours, and will cost about $5
mciuding lunch.

TRIP C. NORTHERN LOS ANGELES BASIN. Paul See has arranged an eight-
hour trip for Wednesday which will include structure and stratizraphy exposed at the
surface in the Puente Hills-Santa Monica Mountains area, about a dozen oil fields such
as the rich Santa Fe Springs and Whittier fields, plus additional points of interest such as
ne U CL Lo AL Campus, La Brea pits, and unusual drilling techniques in residential and
ndustrial areas. The cost is estimated at $5 including lunch,

TRIP D. SOUTHERN AND EASTERN LOS ANGELES BASIN. This trip con-
ins fewer oil fields, but is no less interesting to a geologist. Tt will cover the stratigraphy
aud structure of the San Joaquin Hills and Santa Ana Mountains and will be routed by
such points of intcrest as Disneyland, the remarkable batteries of wells draining the ofi-
shore pools at Huntington Beach, Newport Beach resort area, Santiago Canyon, Santa
A na Canyon, and the Chino fault. Lunch will be provided on the beach near Laguna where
¥ou cun see unusual outcrops in the sea cliff while running your toes through the sand
and munching on a ham sandwich. Jack Schoellhamer is in charge of this trip which is
scheduled for Thursday. This is about an eight-hour trip and will cost about $5 including
‘unch. .

TRIP E. VENTURA BASIN. This trip is slated for Friday, the day following the
convention, because it will require about ten hours. Rex Grivetti has arranged the trip
with & <eries of stops at which the geology will be clearly cxhibited and explained. The
Custaic basin, the major Oak Ridge and San Cayetano thrust faults which conceal many
newiy found important oil pools, the beautifully exposed anticlines at South Mountain
and Ventura Avenue ficlds, King-size oil seeps, the immensely thick section of folded
Tertiary strata, and well exposed turbidity current structures will be featured. The cost
will be about $6 including lunch with a view.

TRIP F. CULTURAL TRIP. Professor W. H. Easton is arranging an afternoon
pregram which will include a short bus ride to the Los Angcles County Museum, short
walk through the campus of the University of Southern California, visit to the Allan Han-
cock Foundation, thence back to the Biltmore Hotel by bus. At the museum the primary
interest to geoiogists will be the La Brea room, renowned for its Pleistocene mammal
restorations, while the wives would perhaps be more interested in the equally impressive
Costume Gallery and the display of French Rooms. The Hancock Foundation is pri-
marily concerned with occanography and contains modern laboratories in sedimentation

Cory oF RESERVATION APPLICATION ['ORM
Horter Rates

Rooms IFor Two Persons

Hotel , Singles Doubles Trwoins Suites
Biltmore

(Convention Headquarters).... $7.00~10.00 % 9.50-12.50 $11.00-10.00 $20.00-30.00
Alexandria..................... §.00- 8.00 6.50-10.00 8.00-10.§0  12.00-25.00
Hayward...................... 4.50- 8.50 0.00-10,00  7.00-10.00  11.00-14.00
Mayflower................ . 6.,00- g.00 6,00~ .00  7.00~10,00  14.50-18.00
New Clark......... Ciiiviriecs. §5.00- 8,00 6.00~10.00 . 7.00°12,00  1%.00-24.00
Savoy Plaza.................... 5.00~ 7,00 8.00~ .00 R.00- 0.00

Statler...............

. 8.,00-22,00 11.50-10.§0 14.00-22.00 22.00 & Up
(This is copy of form already muiled to members)

ALL RESERVATIONS MUST BE RECEIVED PRIOR TO FEBRUARY 14, 1988

Housing Bureau A.A.P.G.-S.E.P.M.

404 South Bixel Street

L.os Angeles 54, Calif,

Please reserve the following accommodations for the AAP.G-S. 1D M. Meetings in Los Angeles,

March 10-13, 1958.

DON'T BE A “NO-SHOW”

Double-Bedded Room ... . ——_ Twin-Bedded Roony - - oo o

Single Room

2-Room Suite see Hotel o

. Other Type of Room _ .. Tirst(

Rate: From § , to § e Second Choice — O

Third Cholee Hotel oo
ARRIVAL TIME (Date) Hour AMY e Pt
Leaving (Date) Hour AN LAY

THE NAME OF FACH GUEST MUST BE LISTED. Therefore, please include the names of both
persons for each double room or twin-bedded room requested. Names and addresses of all persons
for whom you are requesting reservations and who will occupy the rooms asked for:

(Individual Requesting Reservations:)

I the [otels of > { '
Name vour reservation e Hotels Convention \Z.,,.ani.
o tion Bureaw o ¢ good @ rescrvalton s

Company, et e e nossible eis
pam available have wol already been taken.

AAY.G, Registration Comuiittee
¢/o Continental Oif Company
1137 Wilshire Boulevard

Los Angeles 17, i

POLL TO HELP THE COMMITTEES

Members “probably coming” to the convention as well us ”..__.:‘:.vo.:.ra”é plans to do so are :.:,cw:_.z.
definite are asked to help hard working Convention Commitiees by checking ::.w:u_ . .,m_:pq..,
below and returning to A.A.P.G. Registration Committec befere November 1, 1057 _ nis is _A.:,. sta-
tistical use only; your best guess now will be helpful and vou incur no obligation whatsosver, Return
unsigned if you like, but please return it if you think you are coming,

Probably Ay
1 plan to attend the convention ' A -
I plan to bring my wife - o
T shall want a reservation at a downtown hotel L o
{ plan to sign up for fick! trips as follows A B C _\w 2 r
™ ™ 0 : :
[ [ bt -3 -

1 plan to attend the social hour [ TJ; the dinner-dance_} i ‘
My wife plans to attend the social hour(]; dinner-dance i}; fashion show luncheon

Disneyland tour {}; ladies brunch [J.
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iHe>civnces at the rescarch level, Cost will be about $1.50, and the trip will be repeated
demiand is suficient. ,

Fosteriainment —Plans are being made for members and their ladies by Glen Leding-
moang ¢ group of imaginative and versatile assistants. Events will include a social
hour” no charge) on Sunday, superbly arranged dinner dance at the new Beverly-Hilton
Hoivi i Beverly Hilis on Wednesday (about $12.50 per plate), and for the ladies—a
rushion Show Luncheon and Studio tour (about $8), Disncyland tour ($4 up), Thursday
firunch (815, and other attractive features will be available,

Coilege and University A flairs.—Alumni functions will be arranged by a committee
weawded by John Isberg, Superior Oil Company, Box zors, Los Angeles 4. Low-cost
i huusing (84.50 [or singles, $6.00 for double rooms) can be obtained on application

tusdent i
ﬂ.....w?.: Huagist, swne address, and employment interviews will be arranged by Ishberg’s
conmmmitttee,
Holel Reservations —VFor your convenience in making hotel reservations, Los Angeles
Soteds aud their rates are listed. Use the form already maiied you, indicating vour first,
! and third choice. Because of the limited number of single rooms available, you
will have o better chance of securing accommodations of your choice if your request calls
fur rooms 1o be oceupied by two or more persons, Al rescrvations must be cleared through
o Convention Houstityg Burean., ALL FEQUESTS FOR RESERVATIONS MUST GIVE DEFINITE
\TE AND HOUR OF ARRIVAL AS WELL As DEFINITE DATE AND APPROXIMATE HOUR OF DE-
ARTURE] ALSO NAMES AND ADDRESSES OF ALL PERSONS WHO WILL OCCUPY RESERVATIONS
VENTED MUNT BE INCLUDED,

MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION

tive committee has approved for publication the names of the following
S s for membership in the Association, This does not constitute an ¢leciion but
prerces the numes before the membership at large, If any member has inforaation bearing
i ncations of these nominees, he should send it promptly to the Executive Com-
wottee, Boxuzg, Tulsa 1, Oklahoma., (Names of sponsors are placed beneath the name of

Fovon !

FOR ACTIVE MEMBERSHIP

Gwand Redington, Houston, Tex,
Carlos 8, Fleischmann, W.
o Willard, Denver, Colo. .
George H. Fentress, Howard H. Odiorne, Eugene M. Shearer
vham, Frederick Dana, Karachi, Pakistan
M. Dean Williams, Thomas H. Jones, James W. Bowler
! Lee, Guatemala City, Guatemala
denn M. Fedderson, Edward M. Self, C. J. Nolte
4 Franklin, Austin, Tex,
.. M. Cline, L. R, Laudon, G. P. Woollard
ol John, Ventura, Calif.
Frank W. Bell, Lyle W. Smith, George . Kuffcl
Dietrich, Richand Vineent, Blacksburg, Va,
W. D. Lowry, Wayne E. Moore, Peter T, Flawn
Lovgey, Kow M, Vandalia, TIL
John J. Chapman, Jack L. Hough, Harold R, Wanless
Droseey, Rusacil Slired, Jro, Guatemala City, Guatemala
Rolf I noHL L Sawyer, W, B, Spargler
P Austing Ventura, Calif,
B. H. Mull, John M. Fouts, Jr., A. N. Johnson
Grogory, Robert Fuiton, Los Angeles, Calif,
0. K. Fulier, Jr.. Richard E, Faggioli, Thomas D. Barrow

. Belt, Jr., Harry H, Sis
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Kafka, Fred Thomas, Rome, Ttaly

Augustin Pyre, C. H. Nett, C. H. Dresbach
Katz, Hans Rudolf, Lima, Peru, S.A.

Douglas Fyfe, Alfredo Rosenzweig, Alived G. Fischer
Kenyon, Robert McPherson, Casper, Wyo,

Miles T. Rader, Jr., James H. McCourt, Don B, Gould
Knaap, Gerrit Johan, Caracas, Venezuela, S.A.

J. B. Woolley, D. A. Probst, . W. Clark
Landes, Robert William, Calgary, Alta., Canada

L. G. Weeks, Q. C. Wheeler, Wil
Lawler, James E., Madrid, Spain

L. R. Laudon, Glenn S, Dille, R. A, Stehr
I.ce, Robert Everett, Regina, Sosk., Canada

Dennis I, Holliss, C, D, Gould, John \V. Porter
Madden, Trevor John, Toowong, Brisbane, Queensiand. Aust

John L. Edwards, \W. D, Mott, Ralph M. Perhac
Malarin, Lawrence 1., Los Angeles, Calif,

James W, Higgins, John K. Cassell, Robert R, Knapp
Mathez, Muricl, Rutherford, N. J.

Paul F. Kerr, Charles H. Behre, Jr., Fthel Da
Messineo, Anthony Vincent, Tulsa, Okla.

Paul W. Foster, Howard L. Cobb, Eugene R. Douglas
O'Driscoll, Elliot Sylvester, Adelaide, South Australia

R. C. Sprigg, I\. A. Rudd, H. G, Raggatt
Schmidt di Friedberg, Paolo, Palermo, Ttaly

Giovanni Flores, Manuel Rigo de Righi, Faorico 19,
Schwabenland, James Richard, Lafayette, La. ]

I. K. Nichols, James Y. Werner, Park G, Ogden, Jr.
Winkle, Henry Norman, Okluhoma City, Okla.

Tdwin P. Matthews, A. J. Howell, R. Browning Hudson

m K. Wallis

Roberts

Napoli-Al

FOR JUNIOR MEMBERSITIP

Apple, John Boyd, Dallas, Tex.

Frank E. Kendrick, P. G. Russell, Fredda Bullard Lachman
Armstrong, Augustus Keathly, Albuquerque, N. Mexs. i

Kenneth E. Caster, William F. Jenks, V. C. Kelley
Carter, Peggy Lou, Albuquerque, N. Mex. R

Henry S. Birdseve, Philip T. Hayes, V. C. Kelley
Cunningham, Harry H., Mecker, Colo.

L. W. LeRoy, John D, Haun, John R. Hayes
Davis, James Harrison, Houston, Tex. .

Marcellus H. Stow, George Sawtelle, Shirley L. Mason
Duane, David Bierlein, Abilene, Tex. ) o

Robert W. Decker, Andrew H. McNair, Robert W, Wagner
Tspenschied, Ernest Kurt, Qildale, Calif,

S, H. Knight, Horace ), Thomas, D. L. Blackstone, Jr.
Fvans, David Kenneth, San Francisco, Calif.

H. E. Vokes, Hubert C. Skinner, N. E. Crockett
Fvans, George Carman, Caracas, Venezicla, S.A, )

Donald A. Taylor, Claude W. Shenkel, Jr., W. L. Burnham
Fisher, Carl'Edgar, Midland, Tex. .

" Perry E. Barnhart, Jr., Charles R. Jones, James A, Weiy

Fulreader, Rufus Everett, Fairport, N. Y. . i

Robert G. Sutton, Donalson A. Robertson, William F. Jenks
Greenlee, Clark Wayne, Lawton, OE.? .

Philip A. Chenoweth, E, L. Lucas, Carl A. Moore
Kirn, George Joseph, Solomon, Kan.

1. W. LeRoy, John R, Hayes, John D. Haun
Lagunoff, Victor, Fort St. John, B.C., Canada .

L. M. Clatk, R, S. Johnson, C. I. Cleveland
Lamb, Ronald Bennett, Durango, Coio. .

J. Stewart Williams, Clyde 'I'. Hardy, Dean ¥, Sharp
LeBleu, Thomas Robbins, Corpus Christi, Tex. . )

James R. Underwood, Jr., W. C. Bell, Richard W. Rush
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Lant, Raymond Harry, Bradford, Pa.
Williwan D Pitr, E, AL Frederickson, Arthur J. Myers
Lerner, Theodore Allen, Kansas City, Mo.
Philip AL Chenoweth, V. E. Monnett, Doris M. Curtis
<. Anthony Maurice, Wichita Falls, Tex.
Ernest F. Tisdade, Richard H. Dawson, William M., Patterson
ek, Rechard R Altadena, Calif,
Orrin J. Wangsaess, M. O Lachenbruch, William J. Morris
Parss, Wikiam Scott, Greenwo], Mi
R. K. Prisidy, Eraest E, Russell, William H. Smith
oodes s Robert Neville, Madison, Wis.
, L. M. Cline, L. R, Laudon, G. P. Woollard
Siroda, Marton Clair, Caracas, Venczuela, S.A,
) Claude W, Shezkel, Jr., Donald A, Tavlor, Robert G. Couch
~ron, Waiter Morrid, fthaca, N. Y.
Witliam: R, Muachlberger, Keith Young, Sylvain J. Firson
am Deming, Oklichomi City, Okla.
Warren O. Thompson, John Chronic, Theodore R, Walker
manuel Valerio, Quezon City, I, L
Joseph | Graham. Hubert G. Schenck, Hans E. Thalmann
Wire, Gien Chase, Jr., Ventura, Calif,
John C. Crowell, ML WL Zatkowsky, R. M. Grivetti
S Mdleh, William Walters Jr.. Laredo, Tex. :
1. W Hoover, H. L. Richardson, H. E. Stommel
1 Jared, Bakerstield, Calif.
Everett W. Pease. Robert J. McConville, Francis A, Revnokls
ant Stone, Abilcn, Tex. ’
) Fomeph M. Wilson, John H. DeFord, Sumuel P. Ellison, Jr.
Yaroroush, Lones Baxter, Meridian, Miss.
Frnest b Russell, William H. Smith, Paul H, Dunn

1)

Sorubay, Wi

Tumesias

Wilwon, W

FOR ASSOZIATE MEMBERSIP

Goreenne Willinm Newton, Magnolia, Ark.

John DL Marr, A, A, Hunzicker, R, R, Rosenkrans
mell Herbert Oscatr, Regina, Sask., Canada

William J. Sanderson, Alex Milne, Peter Stauft
Puiitter, Alred Eroest, Calgary, Alta., Canada

John D Hale, RO G, MeCrossan, William P, Qgilvic

Putisn, Jack Wiley, Shavnee, Okla.

G. D. Gibson, Delbert F. Swith, £. F. Wroblewski
. dames Murray, Moab, Utah

Robert R, Norman, Leo H. Hansen, Kenneth T. Smith

FOR TRANSFER TO ACTIVE MEMBERSHIP
Brown, Charies Ellis, Jackson, Miss,
, L. R. McFarkad, Grover E. Muyrray, Charles A. Tichcox

Chuman, Kichard YWasne, Billings, Mont.

Loren E. Johnson, A, Rex Hafer, Jv., Warren A, Bald
CVoeo A V. Roberson, Cody, Wyo,

George S, Buchanan, Horace D. Thomas, James C, Gilbert
Daves Dovle William., Harvey, La.
o  Douglas E. White, Keith Webb, R. Lee Hunter
Frosgs, Willie Edward, Carucas, Venezuelu, S.A.

K. F. Dallrous, ¥. W, Johnson, J. H. Regan
Fircasen, Pleasant Vernon, Spring Valley, NV,

Ben A, Tator, L. H. Lattman, C. H. Neff
Foovin Alon, fr.. Oklahoma City, Okla.
) Milan D. Maravich, T. Deanc Rodgers, Howard M. Cotten
Crosman, I:_z.w_ F., Billings. Mont. '
N - Carb A Moritz, WL E. West, Jr., James A. Barlow, Jr.
Grirtes, horwan B, Houston, Tex. ;
Matthew W. Daura, C. S, Hervey, C. W, Sanders

Limes Marvin, Midland, Tex.

E. X Nogler, John D. Edwards, R E. Oppel

Lranilie

Holt, Olin R., Bloomington, Ind. )

John D. Patton, Gerald Carpenter, 7. A. Dawson
Horowitz, Alan Stanley, Englewood, Colo.

R. Dana Russell, Lloyd C. Pray, Charles F. Deiss
Irwin, Joseph Stewart, Jr., Calgary, Alta., Canada

Sol Meltzer, R. S. Buckland, J. S. Crewson
Johnson, Glenden Fordice, Luke Charles, L,

Robey H. Clark, F. Alton Wade, W. R. Canada
Masten, Douglas Everett, Midland, Tex.

- Jane Ferrell, R. P, McMurtry, Owen H. Blexrud

McGirk, Donald Dea, Bogota, Colombia, S

W. C. Hatfield, George A. Severson, C. L. Lee
McNamee, Donald Fairman, Midland, Tex.

' W. C. Osborne, Thomas F. Thagard. John L. Scherer

Mercurio, Richard Nicholus, Liberal, Kan,

Max G. Hare, Clayton L. Roloson, Glenn I, ‘Thomas
Mudie, Walter, Calgary, Alta., Canada

E. A, Fulmer, F. G. Lines, J. G. Gray
Neill, Charles R., Jt., Billings, Mont. . ,

Howard L. Garrest, James H. Clement, Higbee G. Williams
Oros, Margaret Olava, Urbana, IlL,

Alfred H. Bell, Harold R, Wanless, Virginia Kiine
Perkins; James-Murrie, Jackson; Miss; - :

L. R, McFarland, Clemont H. Bruce. John H. Marshall, jr.
Reinke, Charles Austin, Jr., Midland, Tex. )

Owen H. Blexrud, Walter Wayne Rove, Ho V. Fitzgerald, Jr.
Ricci, Armando Tunon, Jr., Jackson, Miss,

L. R. McFarland, John H. Marshall, Jr., Clemont H. Bruce
Poadifer, Roy Eldon, Casper, Wyo. N

John T. Rouse, John Paul Gries, Ihilip Andrews
Robertson, Jayv Riley, Nowata, Okla. . ]

Horace D. Thomas. D. L. Blackstone, Jr., William J. Sherry
Rucks, Norman Herbert, Lafayette, La. .

K. 0. Houston, W. Dow Hamm, Robert H. Robie
Schoenfeld, Albert Anthony, Abilene, Tex. ]

James H.-Parrish, joseph Wheeler Luckett. Jr.. M. D, Mauck
Smith, Lyle Valentine, Tulsa, Okla. ) .

Arthur J. Robnett, fohn }. Collier, L. H. Smith
Tipton, William Everett, Houston, Tex.

Lloyd D. Traupe, W. A, Thomas, Malcolm 1. Bennett, Jr.
Welch, Bobby Guinn, Wichita Falls, Tex,

Wilmer R. Shirk, Lennart 'I'. Teir. AL C. Baker
Yeager, John William, Paso Roblcs, Calif,
; Fred E. Smith, Jr., R. R, Simonson, Thomas A. Roy
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GO S BUCHANAN

Vo Bres Dir, Husky O3 ¢ o Cody, Wy,
£ el 1, ago2, Sterting., Colorado

ure Ol Co. Tulsa, paleon,
Carter O Co., Tulsa, pal.-geol,
Tulsa Onf Co,, dir., chief geol.
Burnsdall, Tulsa, Houston, i
Aelams O.& G Houston, pres.. dir.
M.nﬁ,:... Corp,, Bouston, pres., dir.
Sohio Petrol, Co., Houston, v,
Husky 06 Co., Codv, v.-pres., dir,
Cunadian Husky Oit Lid., dir..
Rimrock Tidelands, chm,,
Israel-Amer. OHf Corp., pres., dir.
Marmara Petr, Turkey, pres., dir.
Argus Petr, Guatemal, pres., dir.,
Publications —Field of petr
Protessional A hliations (Nationa!)

Geological Society of America, fellow

American Geophysicad Unjon

Anerican Geographica) Socicry

Am in Petroleum Institute (councilior
S X, Siema Gamma Epsilon ’

cum geology

._L;:,A...,_x:,L,C.A.,/,,....:_;.;,,ﬂ .Sc:__x._‘.uc_
ro3040  Trustee, Revolving Pub, Fund
f40 Jc:. Way o Electing Othicers
140 Com. un Mincographed Pub,
taug2 sz om. onh Applications of Geology
tugs-4t Business Com, (chn., 43) .
Lo Vice-Presic .
fusy Chairman, Business Committee

NEES FOR AAP.G. PRESIDENT, 1958-1959

SHERIDAN A, THOMPSON

Vice-Pres,, Dir, Manager of Exploration,
Magnolia Petroleum Co., Dallas, Tex,
Born, Apr. 28, 1803, Conquest, New York
Academic Training
Yale Univ., B.A., 16; Grad, School, 17
Fxperience
1017~18  The Texas Co,, Okla., geol.
1018-21 - Wounder Svndicate, New York
21-22 Ohio Oil Co., Wyoming
1022-32  Vacuum Oil Co., Tex,, geol., chicf
1032~ v.—unsmzp Petrol, Co., La., Tex.,
div. geol., chief, mgr. of ex-
EE... dir. and mgr. of explor.,
vice-pres. and mgr. of explor.

Publications, ~Vinton  salt dome, Calcasicu
Parish, Louisiana; Fredericksburg group of
Lower Cretaceous with special reference to-
north-central Texas

Professtonal A fiiliations (National)
ms.m_cn um_ mcm?? of America, fellow
Society Iicon. Puleon. and Mineralogists
American Institute Mining Met. Engincers
..,/.::.:n:w., uum:.c_n::d Institute
Sigma Ni, Sigma Gamma Epsilon
Phi Beta Kappa

APG. Activity (Member, 23)
1024 O».:E.ihcu::&ﬁoa
1950, 54~50  Business Committee
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NOMINEES FOR VICE-PRESIDENT, 1938-1959

- GORDO

[ ATWATER

Senior Member, Atwater, Cowan, and Associ-
ates, New Orleans, La,
Born, Junz 17, 1907, Milwaukee, Wis,

Academic Training

1025-30
1030-31
1037132
1032-30
Lxperience

1930

193132
1932-34

1934~35

103537
193738
1938-46
1040~

U. Towa, B.A., 29; M.S,, geol,, 30
Univ. Wisconsin, geol.
Columbia University, geol.

Univ. Wisconsin, Ph.D., geol., 30

Univ. Towa, instructor, geol.
Columbia Univ., asst., geol.
Towa Geol, Survey

Univ. Buffalo, instr,, summers
N.Y. Geol, Survey, geol,, summers
Amerada Petrol,, Houston, zeol.
Skelly Oil Co., Houston, geol.
William Helis, ch. geol., hd. land
Consulting geologist

I nblications.—Stratigraphy of Upper Mississippi
Valley; iron ores, Mich, and Wis.; authi-
genic feldspars; drilling-time data; Univer
sity field, La.; offshore province, La.

Professional A

Jitiations (National)

Seological Society of America, fellow
American Institute Mining Met, Engineers

American

Assoc. Advancement Science

American Geophysical Union
Society of Exploration Geophysicists

104445
104440
1044—40
1040-51
1052
1957

PG Actizity (Member, 38)

Business Committee
Committee for Publication
Geol, Names and Correlations
Medal Award Comniittee
Nominating Committee
Distinguished Lecturer

CLAUDE N, VALERIUS

Consulting Geologist. Shreveport, L.
Born, Dec. g, 1904, Hobsington, Kius

Academic Training
tg21-25  Missouri Sch, Mines, BS
weol.

Fixperience
192527 Twin State Oil Co., Tuls, e

1027 Phitlips Petroleum Compiny
Fort Stockton, Texas, zeal.
1928 Amerada Petroleum Corporation

Pecos, Texas, weol.
192935 M. M. Valerius Royvaity Corpors-
tion
Wichita, Kansas; Tulsa,
homi, geol, and gen, myrr
1935-40  Barnsda)b Oil Company
Okli., Tex., Ark.. L., geol,
1040 - Consulting geologist, Shrevepert
Publications, - Midway field discovery, Luafuy-
ette County, Arkansas; History of Heaton
field, Bossier Patrish, Louisiana

Professional Afiliations (Nativnal

Geological Society of America
American Tnstitute Mining Met, Engineers
American Assoc. Advancement Science

American Geophysical Union

AAPG detivity CAssoc. 253 Member, 320

104050 Business Committer
1034 Nominating Commitiee
1953 Emblem Committee
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NOMINEES FOR SECRETARY-TREASURER, 1958-1959

KENNETH COTTINGHAM

Geologist, Columbus, Ohio
2q, 1892, Columbus, Qhio

Consulu
Korn, Ap
Neadewsic Training
1000-513 Obio State Univ., B.A, 13
MAL L
Experience

TO14- 1T OE: State Univ., instr., ziol.
to1g- 1 Ohio Geol, Survey, sammer asst,

wgrg-er Union Oif Co. (Delaware), geol,
1921-22 Private geslogical practice
192525 Ohio Vuel Gas Co., Columbus

1920-32  Columhia Fngincering and Maet,

195537 Ohio Fuel Guas Co., ch. geol.,
40-57

157 Consuiting zenjogist, Columbus

iestions, ---Ohio geolog: histery of oil and

zas production: reviews of Ohio oil and gus
production; underground gas storage; ge-
ology and Ohio place rames; terminology;
arwinage derangement; Ohio caverns

Frodessionel A filiations (Netiongl:
Gentogical Society of America, fellow
rican Assec. Advancement  Science,
felfew
Armerican Petroleurs [nstitute
mencan Gas Associat
Nrma Xi

Amer Geoll Institute Giossary Com,

PG Aty Memi

N.L;.,{An::.,:.n‘,”:”.,.m,/.mztr.;.Cl:..:n
17 Business Committee

AN

HAROLD T. MORLEY

Chief Geologist, Pan American Petroleum Cor-
poration, Tulsa, Oklahoina
Born, June 22, 1897, Denver, Colorado
Acudemic Training
1914-18  Univ. of Colorado, B.A,, geol.
Experience
1919 Lone Star Gas, Tex., field asst,
1919~20  Midwest Ref. Co., Wyo., Colo.
1926-31  Midwest Expl. Co., Tex., dist.
geol, .
1031-32  Stanolind O} and Gas Company
Division explor. supt., Tex.
1932=  Pan American Petrol. Corp,
(formerly Stanolind). chief
geol,
Publications —Future of petroleum geology; Elk
Basin structure, Wyoming and Montana

Professional A ffiliations (National)
Geological Association of Canada
Sigma Xi (assoc.)

HALGL Activity (Member, 19)

194832 Distinguished Lecture Com.
. Chm,, 50 and 51
1934 Chm. Ann, Mtg. Employ. Inter-

views
1033 Headquarters Advisory Com.
1030 Vice-chm, Business Com.
1936 Nominating Committee
1957 Gen. chm. $t. Louis Ann, Mecting

o

oy e au e Ly i e
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NOMINEE FOR EDITOR, 19881939

SHERMAN A, WENGERD

Prof, of Geol., Univ, of New Mexico, Albuquer-
ue, New Mex.
Born, Feb. 17, 19135, Millersburg, Ohio

Academic Traininy

193236
1930-40

Coll. of Wooster, A.B., geol., 360
Harvard, AM., 33; Ph.D., 47

Military Service

104245
1953~
FExperience

1035-36
1037
1938
104042
104547
104757

U. S. Navy
Commander, U, S, Naval Reserve

Instr., geol., mineral., Wooster
Seis. helper, Shell Qil, Tulsa
Geol.,, Rumshorn Min, Co,, Ida,
Sur,-sub,, Shell Oil, Tulsa
Research, Shell Oil, Tulsa

Asst, to Prof. Geol., New Mexico
Consulting research geologist

Pubiications. - -Sedimentation; petroleum
ogy; lithologic variation of Viola limeste
south-central Oklahomu; ree limevtones
of Muajuro, and of Hermosa formation
Utah: Pennsvlvanian stratigraphy of Four
Coreners region: oil and gas in Suan Juan
basin, Paradox basin, and Four Corners re-
gion

Professional A ffliations (National
Geological Society of America (eflos
American Geophysical Union
American Geographic Society {fellows
Ametican Soc. of Photogrammetry
Soc. Fcon, Paleon. and Mincralogists

A APG detivdty (Nssoc, g2t Member, a60

1948 President’s Award
1950 Distinguished Lecturer
195557 Com. Tor Publicatic
1G57 Editor
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MEMORIAL

WILLIAM EDGERTON COX
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Fo the many friends of Bl Cox, his e
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¢ DI ied ! e [ ; o { .
win :::)._ :p:w: ! ves of all of us—gp( Irequently when, we needed it most.
T DO anuary 13, 112, in Hico, Hami v, Texas ; rt
Dlelia Murev Cox. He ind 4 sister, M: r. ..:_::w Ooczwv ' _czuv‘ the son of Robert A.
i e Murex Co . Fasis .“ﬁ Mary Miller Cox, and 'y brother, James Murry Cox
i . AHsissippL attended college in Nashville, Tennessee and received
HOMIcs BT —— ! o
o e Seonamic. u mw.o r:.:;,:.,. ot-Texas, His mother, who also was born
¢ ﬁ. prand attended the University of Mississippi, died in 1936 . .
SHE LOXWRS AR IRsITruCtor in ecoromies Mivers .
: 7 “OROMICS | ¢ University
RCR time he retired, [n g0 he mq o N._F. L prersity of Texas from 1923 0 1043
A 11040, he married Lindy Lancaster in Austin; she was at that
Canersity of Texas, Mr, Cox died in 1047 . ,

Bl attended Woolridue |1
B ol “ementary School and Austin 1 i i
<o was i member of the University Mothod; i High School o i, Toxas,

tth on June g, 1937, is s il iffi
. ] . . 15 still mos
dinntly and for Mny ve: o citating lang e

ars an increasingly incapacitating lung illness
n i lesser man, ‘

Sters domma |
asters degree in [USEH

Uhiverite of Texus, recrivine his B o _;,,_.~ Church :..So. He went on to attend the
A, LB, dezree in geology in 1033 and his M.A. degree in

1634 He was o member of §i ;
Aulogy 1634, w nenher surmia Gamma, Epsi i 3
mide many lusting fticnd<hips ot the Univrrati e Epsilon, Bill was fine student and
Al cracdu ; P
Fal « oradua Bill was ¢ R
. vas employed by 1, ¢ Of ]
L : ) ¥ Humble 01l &
e produciiog department, In Septe T efinin

Xaneman i

~ g Company as a
mber, 1934, he was transferred to the
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exploration department. Practically all of his career, which ranged from scouting in 1934
through many different geologic assignments, was in the West Texas-New Mexico area,
and his knowledge of the geology of this country became widely recognized. His profes-
sional carcer was interrupted by World War 11, and he served in the Army Air Corps
from June, 1942, to December, 1944, at which time his health was responsible for his
scparation from the services, At the time of his death, Bill was a senior exploration
geologist for Humble’s Western Division, which embraces West Texas, New M cxico, and
the northeastern half of Arizona.

In 1046, with Theodore S. Jones, John W. Skinner, and William B. Hoover i SPONsSors,
Bill joined the American Association of Petraleum Geologists, e alse was o member of
the West Texas Geological Society.

It was in Midland, Texas, in 1937, that Bill met Miss Geneva Risinger, Tater to become
his wife. Geneva was born April 14, 1916, in Needville, Te s, attended school in Rosen-
berg, Texas, and later carned her B.A. degree in geology from the Universiiy of Texas,
Upon employment as a geologist by Humble Oil & Refining Company, she was assigned
to the West Texas area with headquarters in Midland. Bill and Geneva were married
August 9, 1941, and were proud parents of a lovely duughter, Martha Fdecrton Cox,
born on April 27, 1046. Geneva and Martha are indeed two fine people whose understand-
ing and constant help were reflected by Biil's firm hold on the brighter side of life.

Bill is survived by his wife and daughter, both of Midland, Texas; a sister, Mrs, Mary
Cox Marberry, also of Midland; a brother, James M. Cox of Abilene, Texas: un ! his step-
mother, Mrs. Linda Cox of Austin, Texas.

Death has taken Bill Cox from our lives only physically-his enduring courage,
contagious humor, complete sincerity, and desire alwayvs to help others will ever remain
as a guide to those of us who were privileged to know him and call him our friemd.

W. K. Dovenrrry

Houston, Texas
September 17, 1957
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PROFESSIONAL DIRECTORY

Space for Professional Cards Is Reserved for
Members of the Association. For Rates Apply to
A.AP.G. Headquarters, Box 979, Tulsa 1, Okla.

BOLIVIA

CALIF

ORNIA

ENRIQUE T. MAURI
Consulting Petrolenm Geologist
Calle Bueno 48, Depto. C.
Box 2723

Cable: Mauri
LA PAZ, BOLIVIA

Phone: 4712

BRAZIL

LOUIS DESJARDINS

Photogeological Seruvices
sA0 rAULO~-Praga da Republica 270-1° Andar

HOME OFFICE
209 Kennedy Bldg., TULSA, OKLA,

CALIFORNIA

ELMO W. ADAMS
Geologiss and Perroleum Engineer

747 Winchester Drive

BURLINGAMBE, CALLF, Dlamond 3-6632

EVERETT C. EDWARDS

PETER K
Ge

c\c.n‘..:
eI}

MAS

Street

a.W
G
FA 3-8737

HARDING
cologist

135 Pasatiempo Drive
MZRERNFIEID, CALITORNIA

TED L. BEAR PHILLIP S. KISTLER
Domestic and Foreign Consulting
Geology
Room 312 Architects Building 316 W, 3th Strect
LOS ANGELES 17, CALIPORNIA

HARQLD W. HOOTS
Geologist

Suite R06
Los AngGeLRs 17

816 West sth Street
CALIFORNIA

E. FRED DAVIS
Geologist

Room 111
643 South Flower Street

TRinity 0736 LOS ANGELES 17

ADEN

GOUDKOrr & HUGHTS

Geologic Correlation by Foraminifera

799 Subway Terminal Building
LOS ANGELES 13, CALITORNIA

W, HUGHES

Geologist

MUtual 7641

L. C. DECIUS

L. F.IVANHOE

Geologist and Geuphysicit

Geologist
110 Post St Dorestic and Foreizn Explotation
2 ost Street . N !
San _.._.»u:«_.mno 8 FAirview 50283 e o e
YUkon 2.225% California Cable: IVANHOE naK LD, CALIFORNIA
o
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CALIFORNIA

CALIFORNIA

LUIS E. KEMNITZER
KELNITZER AND DIEPENBROCK

Geologists and Petrolvam Enmgineers

512 South Sun Viceate Boulevard
LOS ANGELES 48, CALIFORNIA

WILLIAM MORRIS
Consuliant in
Paleontology ard Sedimentation

Occidental College Clinton 5-.5151
LOS ANGELES 41, CALIFORNIA

WILLIAM S. W, KEW
Geologiss

Telephon~

1139 Union Street
ORdway 3-0281

San Francisco 9, Calif.

E. B. NOBLE
Petrolesims Consultant

EXbrook 3.0842 1707 San Vicente Blvd,
Santa Monica, Californis

VERNON L. KING
Perroleum Geologist and Engineer
219 Nationa! Qil Building
609 South Grand Ave,

Los ANGFLES 17, CALIPORNIA
Nutua! 3106

ERNEST K. PARKS

Consultant in
Peirolesm and Natural Gas Developmant
and
Engineesring Management

GRanite 22632 306 N. Cliffwood Avenue
LOS ANGELES 49, CALIFORNIA

MILTON W. LEWIS
Peiroleum Geologist and Engineer

714 West Olympic Blvd.
RIchmond 9-3872  Los ANGELES 15, CALIPORNIA

JOHN C. MANNING
Gealogise
U._d?mn and  Foreign Consulting in Ground-
Water, Engincering, and Petroleum Geology
FAirview 2-3445 2512 Spruce Street
BAKERSFIELD, CALIFORNIA

HENRY SALVATORI

Western Geophysical Company

Pacific Mutual Building
323 West Sixth Street
LOS ANGELES, CALIFORNIA

GRAHAM B. MOODY
Pesroleum Consultant
215 Market Strect

SAN FRANCISCO $, CALIF,
EXbrook 7-130%

35 Stonewall Road
BIRKELEY 5, CALIF,
THotawall 3-7446

NOEL H. STEARN
Geologist

128 Goya Road MENLO PARK, CALIFORNIA

HANS E. THALMANN
Micropaleontologist

STRATIGRAPHIC CORRELATION BY FORAMINIFERA
Box 1978 SranroRD UNIVERSITY, CALIFORNIA

FRANK A. MORGAN
Petroleum Exploration

TRinity 5797 801 Roosevelt Bldg.
7th and Flower

Los Angeles 17, California

RICHARD L. TRIPLETT
Core Drilling Contractor

1660 Virginia Road

Republic 4-992% Los AncELrs 19, Caur,

o

Bulletin of The American Association of Petroleum Geologists, November, 1057

CANADA

CANADA

G. L. BELL
Consulting Geologist

Exploration e Appraisals » Well Supervision
TAtlow 0513 1166 W, Pender Street
VANCOUVER 1, B.C,

P. H. BLANCHET
Geological Engineer

BLANCHET & ASSOCIATES LIMITED

Photogeophysical and Photogeological Surveys
For Geological Exploration

718-8th Ave, West Phone 23301
CALGARY, ALBERTA

VICTOR C. MILLER

v, C. MILLER & ASSOCIATES PHOTOGEQOLOGISTS, LTD.
Photogeologic and Pbotogeomorphic Analysis

334A-Bth Ave, West CALGARY
Phone: AMherst 2.3696 ALBERTA

L. BRUNDALL R. McMILLAN
A. R. WASEM
FRED C. BRECHTEL

Manager
Geophato Services Led,

Photogeologisty and Consulting Geologists

Examiner Bldg, CALGARY, ALTA.

A. W, NAUSS
Geologist
KUINTAR OILS LIMITED
Evaluations—Acquisitions—Development

CHestaut 3-2486 708 Tth Ave. West
CALGARY, ALWERTA

JOHN O. GALLOWAY
Petroleum Consultans

Telephone 29018 627 Eighth Avenue, West

Calgary, Alberta, Canada

J. C. SPROULE

J: €. SPROULE & ASSOCIATES

Geological & Exploration Consultants

24128 901 Eixhth Avenue West
Telephones: 24374 CALGARY, ALALKTA
694223 CANADA

COLORADO

W. B. GALLUP
GALLUP, BUCKLAND AND FARNEY, LTD.
Exploration Consultants

Geology Geophysics
Bus, 22567 830-8th Ave, West
Ros. 32202 Calgary, Alberta

L. BRUNDALL R. McMILLAN
A. R. WASEM

Geophoto Services
Photogeologists and Consulting Geologists
20% B & C Building DENVER 2, COLORADO

N. W. JOHNS
Pesroleum Geologist
3090-Seventh Ave., West

CALGARY, ALBERTA
CANADA

Telephone 26711

THEO. A. LINK
Geologist

708-7th Avenue West
Calgary, Alberta
Tel: 23649

7 Grenadier Heights
Toronto 3, Ontario
Roger 9-2561

A. W, CULLEN K. C. FORCADE

Consulting Geologists

420 C. A. Johnson Bllg. KEystone 4-5385
DENVER, COLORADO

DOERINGSFELD, AMUEDO & IVEY
Geologists
Specialists in Photogeologic Evaluations

Walter W, Doeringsfeld, Jr.
Curtis L. Amuedo
Joha B. Ivey

240 Washington St.
DENVER, COLO,

DUNN AND BOREING
Petroleum Geologists

BURTON C. DUNN »04 Yarmers Union Bldg.
M. J. BOREING DENVER 3, COLORADO
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COLORADO COLORADO
R.E.DUTY CLARK MILLISON
Perroleum Geologist Consulting Geologiss
Poreign and Domestic
P.O. Box 894 Phenz:

UENVER, COLORADO FLorida $-8709

Colorado Building DENVER 2, COLORADO

D. JAMES EDSON, JR.
MILTON R. SCHOLL. JR.
MINCON

Consulting Geologists

Suize 4, 200 North Sixth Strec: P.O. Box 270
CHapel 2-7591 GRAND JUNCYION, COLO.

HARRY W. OBORNE
Geologist

114 Wood Terrace Drive
Colorado Springs, Colorado
MElrose 4-23%7

R. J. Knox
D. W, Berzman
E. M. Shearer .
KNOX - BERGMAN - SHEARER
Consulting Geologists
Photoreologists

Suite 315 Denver
Colorado Building Colorado

W. H. PATTISON
Petroleum Geologist

19192 Applewood Drive BElmont 7-127%
DENvER 15, COLORADO

DAN KRALIS
P.O, Box 471
DENVER, COLORADO

Phone MAin 3-5107 U.S.A.-Foreign

RAYMOND C. ROBECK
Consulting Geologist
Specialist in Petroleum and Uranium

CHapel 2-4943 535 Orchard Ave.
GRAND JUNCTION, COLO.

R. L. KRETZ

Petroleum Consultant

722 Patterson Bldg. DENVER, COLORADO

V. ZAY SMITH CURTIS L. &CHA.ONE...
ELMER H. DUNSTAN B. PETE HARDER
V. Zay Smith Associates
Consulting Geologists

Photogeology

Detailed Surface Mapping
40 East 11th Avenue

DENVER 3, COLORADO

CLARENCE E. MANION
Consulting Geologist

1740 Grape Street, Denver 7, Colo,
Phone Fremont 2234

F. A. THURMAN

Thurman Consultants Farmers Union Bldg.

DENVER 2, COLORADO TAbor 3-5063

CALVIN F. MILLER
VICTOR C. MILLER
MILLER & ASSOCIATES
Photogeologic and Photogeomorphic Analysis

9653 West Colfax Phones: BEimont 7-405)
DFNVER 15, COLORADO BElmont 7.1492

JOHN E. WELSH
Puleozoic Biostratigraphy
(Fusulinids and Mega-fossils)

Ph. 161

. GUNNISON
601 N. Taylor

COLORADO
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DISTRICT OF COLUMBIA

ILLINOIS

DOUGLAS BALL
WERNER F. SCHNEERBERGER
BALL ASSOCIATES
Oil, Gas, and Minerals Consultants

1025 Vermont Avenue C. A. Johnson m:,:&.:n
Washington 5, D.C, Denver 2, Colorado
STerling 3-1929 ALpine 5-4878

L. A. MYLIUS
Geologist Engineer

Box 154, Mt. Vernon, Illinois
Box 264, Centralia, Illinois

ILLINOIS
KENNETH G. BOLING T. E. WALL
Petraleum Consultant Geologist
306 E. York Street Phone 2-3191 |
' Mt, Ilinoi
OLNEY, ILLINOIS Me. Vernon ot
INDIANA

C. E. BREHM

Consulting Geologist
and Geophysicist

New Stumpp Building, Mt, Vernon, Illinois

HAL S. LOBREE
Cansulting Petrolenm Geologist

Three Court Building Otf. HArtson 53923
EVANSVILLE, INDIANA' Res. GReenleaf 6-2884

PAUL FARMER
Consulting Geologist

213.223 Middlesworth Bldg, Oflice ADams 5-5744
P.0, Box 155 Res.: ADams 4-4232
MatToON, ILLINOIS

HARRY H. NOWLAN
NOWLAN-DODSON
ENGINEERING, INC.

Evansville, Indizna

319 Conrt Building Phone 5-8154

THEODORE G. GLASS
Petrolenm Geologist

First Nationai Bank Building
Mt. Vernon, Illinois

P.0. Box 480

E. E. REHN
Consulting Geologist

Woods Building, 624 Locust
Evansville, Indiana

RALPH H. HAMBLIN
Consulting Geologist

Phone 2-2881 408 East Main
OLNBY, ILLINOIS

KANSAS

P. T. AMSTUTZ, JR.
Potroleum Engincering and Geology
AMSTUTZ AND YATLS, INC.

406 KFH Building Telephone
Wichita, Kansas AMbherst 7.4284

CHARLES S. BROWN
Petraleum Geolagy & Engineering

202 Rul. Building
WICHITA, KANSAS
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LOUISIANA

Teesione

I KaNvias AMrenst 2-352%

A TLLTY FAUL RUTHARD 3 BUCHANAN
SAUISIeS T MARDEN

AT ZUCHANAN & MARDEN

Tamaiome Gaces

Hiin Iouto Kasni

20 WILIIAMS

GORDAON ATTATER

AT OTIR, TLOWAN AND aG3CINTES
Camiuling Geologints
424 Fzitmar Bazk Bulilag

Leuisiana

LESLIE BOWLING
il and Gas Consultam
26} Califeenia Buiiding

New Orleans 12, Louisiana
Phone: CAnal 0432

CARL L. BRYAN
Consulting Geophysicist—Geologist

804 Texas Easterni Building Telephone
Shrevepsre, La. 31934

CHARLES C. CLARK

Consulting Geologist

Telephone 85-3611 " 810 Rutherferd §2.

SHREVEPORT, La.

A. P. CLAUDET

Coniuliing Petrolenm Geologins &
Engineer
505 California Building

MEW ORLEANS 12, LOUISIANA
Phoane: TUlane 9767

HERSHAL C. FERGUSON
Geologist

LEWIS P. KILBOURNE
Associate

605 Hibernia National
Bank Bldg.

NEW ORLEANS, LA,
RA-2222

934 Esperson Bidg.
HOUSTON, TEXAS

TILLIAM M, BARRET
TIILIAM M, BARRET, INC,
Maigmetic an: E.ectrizal Survers
Linwoa ar Dalzel]
SEazvimorT, Lovistana

. BATES R. R. COPELAND
MARK W. MITCHELL
KENNETH DIXON
FRED X', BATES & ASSOCIATES
Congwiimg Perrzlewm Geologisse & Engineers

. P.O. Box 1000
Phone 108 Stewart Street
553 LAFAYEYTE, LA,

MARK W. MITCHELL

Consulting Paleontologist

Specializing in Louisiana Miocene
Box 1000 CEnter 5-3531
LAPAYETTH, LOUISIANA

E. T. NICHOLS
Petrolenm Geologist

Phones: 23913 Petroleum Building
20323 MONROB, LOUISIANA
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LOUISIANA

MONTANA

JAY B. WHARTON, JR.
Geologist

Oil' Center Station LAFAYETTE, LOUISIANA

WILLIAM H. WHITE
Petroleum Geologiss

JAMES H. DISMUKES
Associate

Box 1565, Oil Center Station  Phone CB 4-4344
Lafayette, Louisiana

JOHN R, FANSHAWE
Geologist

Phone 9-1409 1663 Poly Drive

Billisgs, Montana

MASSACHUSETTS

HE..BERT D. HADLEY

Petrolenm Geologist

208y North 2uth Street ¥

Billings, Montana

CHARLES W. STERNBERG
Consulting Geologist
Foreign Assignments

NEptune 8-301%
MARBLEHEAD, MASS,

15 Front Street

NEW MEXICO

MISSISSIPPI

FRANK C. BARNES
Consulting Geologist

Telephone 3-6308

113 West Lupita Santa Fe, New Mexico

G. W. GULMON
Petrolenm Geologist

Phone 4311 Bytnes Bldg.
NATCHEZ, MISSISSIPPI

LEE W. KILGORE
KILGORE axp BUDD

Consulting Geologisis

HARRELL RUDD

211l West Main Street

FAKMINGTON, NEW MENICO DAvis 5-5833

FREDERIC F. MELLEN

Consulting Geologist

P.O. Box 2384
11315 W. Capitol Strect
Jackson, Mississippi

West Jackson Station
Phone 34341

WALLACE E. PRATT
Geologist

P.Q, Box 209 Carlshad, New Mexico

HENRY N. TOLER
Consuliing Geologist

1401 Deposit Guaranty Baok Building
Jackson, Mississippi

MONTANA

W. W. WEST
PERMIAN BASIN SAMPLE LABORATORY
Roswell Tower: Phone 4949
ROSWELL, NEW MEXICO

All current New Mexico wildcat & key pool well
sample logs (except San Juan Basin) on a moathly
subscription of individual well basis, 1000 im-
portant New Mexico logs available.

VIRGIL R. CHAMBERLAIN
“Consulting Geologiss

GREAT PALLS, MONTANA
406 Electric Bldg. 3613 Seventh Avenue South
(lendale 31637 GLendale 2-3480

EDWARD B. WILSON
Consulting Geologist

P.O. Box 290
ROSWELL, NEW MEXICO

J. P. White Building
MAin 2.7843
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NEW YORK

NORTH DAKOTA

M. L. BRASHEARS
LLEGGE'TTE, BRASHEARS & GKAHAM
Consulting Ground-Water Geclogists
Water Suppiy ; sait Water Problems
Dewatering fav
Recharging Repatts
551 Fifth Avenue NEW YORK 17, N.Y.

STEVEN H. HARRIS JAMES L. BROWN
HARRIS & BROWN
Consulting Geologists
CApitol 3-3588 P.O. Box 5
317 Elks Officc Bldg, BISMARCK, NORTH DAKOTA

LR0OKAW, DIXON & McKEE
Geolagists Engineers
OIL—NATURAL GAS
Examinations, Reports, Appraisals
Estimates of Reserves
120 Browdway Gulf Building
New York Houston

RHODES W. FAIRBRIDGE
FAIRBRIDGI: ASSOCIATES
Connlting Geologisti—Forcign and
Daomestic
Teler MO 3.8703 420 Riversade Drive

UN 34000, Ext. 322 Apc, 2B
NEW YORK 25, N.¥.

CECIL HAGEN
Perrolenm Geology & Engineeting

Domestic Foreigi.

625 Park Avenue

Apartment 4D
New York, N.Y,
Templeton 8-3358

663 Gulf Building
Houston, Texas

OHIO

ROBERT L. ALKIRE

Petroleum Geology & Engineering
Box 441, Station A, Columbus 1, Ohio

OKLAHOMA

NORTH CAROLINA

ARNOCLD H. BLEYBERG
Petroleum Exploration Consultant
Hanseatic Exploration Company

2416 Barclay P.O. Box 7523
Victor 3.0988 OKLAHOMA CITY 16, OKLA.

HARRY E. LeGRAND
Cansulting Geologist
Ground Water Atlantic Coast Stratizraphy
Tei,: TEmpic 3-0464 P.O. Box 10082

RALEIGH, N.C,

HOWARD CLARK
Petroleun Geologist
and
Topographic Engineer
DOMESTIC AND FOREIGN CONSULTATION
Tulsa Okla.
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OKLAHOMA

OKLAHOMA

LOUIS DESJARDINS

Photogeological Services

A. I. LEVORSEN
Petrolenm Geologist

1525 EasT 2771H ST., TULsa 14, OKLA,

Domestic HOME OFFICE

and . 909 Kennedy Bldg.

Foreign . TULSA, OKLA.
R. W. DUDLEY

Oil Exploration Consultant
Geologist Geophysicist

608 First National! Bldg. FOrest 5-5235
OKLAHOMA CUTY 2, OKLAHOMA

CRAIG FERRIS
Geophysicist
E. V. McCollum & Co.

315 Thompson Bldg.
TULSA 3, OKLA,

GeoSeis, Inc,

E. A. MARKLEY
Geologist

LU 4-2683 309 Midstates Bldg.
TULSA, OKLAHOMA

R. G. HAMILTON

Electric and Well Log Analyses
Log Interpretation Instruction
Domestic and Forzign Services

Dlamond 3-7055; Rlverside 7-1825
Oil Capital Building Tulsa, Oklahoma

GLENN M. McGUCKIN
Seismograph Consultant

Data Interpretations Current Supervision
21 Years Experience

Supervising, Contracting, Cunsultant

1304 Ann Arbor
Phone 853 NorMman, OXLa.

ALLEN G. HAWKINS
Consulting Geologist
Oklahoma Texas
‘Thirteen years in the ANADARKO BASIN
1418 North Broadway FOQrest 5-2674
OKLAHOMA CITY, OKLAHOMA

FRANK A. MELTON
Consulting Geologist and Geomorphologist
Specializing in the Structural Use of
Acrial Photographs since 1926
The Discovery Uses of Aerial Photographs
in all Types of Tetrane

1040 Chautauqua Norman, Oklahoma

n. W. LAUGHLIN
WELL ELEVATIONS
LAUGHLIN-SIMMONS & CO.

2010 South Utica
TuLsa OKLAHOMA

U. R. LAVES
Consulting Geologist
Reports
Oil Property >vv...:=_|m58».n- of Reserves

1706 Liberty Bank Building OxLAHOMA CiTY

P. B, NICHOLS H. T. BROWN
Mechanical Well Logging

Manufacturers and Exporters

THE Grorocrard COMPANY
Phone Jackson $-9401
27 N.E. 27th St., P,O. Box 1291
Oklahoma City 1, Okla.

BEN F. RUMMERFIELD
Geologist and Geophysicist
CENTURY GEOPHYSICAL CORFORATION

$03 Jenkins Bldg. 1105 Tth Ave, West
Tulsa 3, Oklahoma Calgary, Alberta
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OKLAHOMA

PENNSYLVANIA

JOHN J. RUPNIK
RUPNIK AND BALLOU
Petroleurn Exploration Consultants
CEQPHYSICAL & GEOLOGICAL COORDINATION
1102 HUNT BLDG., TULSA 3, GKLAROMA

RUSSELL S. TARR
Petroleum Geologist

1616 First Natioaal Building Telephone
Tursa, OKLAROMA L7Jther 2.5382

L. G, HUNTLEY J. R. WYLIE, JR.
ROBERT S. STEWART
HunTiey a HunTiey, Inc,
Consulting Geologists

Empire Building Pittsbrrgh, Pa,

ROBERTS & HESSIN

Geologists

Box 312 Coudersport, Pa.

WARE & KAPNER
SAMPLE LOG SERVICE
¥ ildcat Sample Log Service
Cosering Soxthern Oblaboma
John M. Ware H. H, Kapner
3623 Scuta Harvard Riverside 7-6339
Tulsa, Oklahoma

PERU

G. H. WESTBY

Geologiss and Geophysicist
Seismograph Service Corporation

Bux 1390 Tulsa, Oklahoma

CARLOS E. CONTRERAS
Consulting Geologist
U.S. and Latin American Experience

WEbster 9-5783 Apartado 303

Cable: Geo-Con P woh-w&w
2448 East Second San Isidro
TULSA, OKLAHOMA LIMA, PERU

TEXAS

JOSEPH L. ADLER,
Geologiss and Geophysiciss
Domestic and Foreign
Exploration

2028 Commaesce Bldg. Houston 2, Texas

SIDNEY R. WILLIAMSON
MID.-CONTINENT GFOLOGICAL SERVICES, INC,
Consulting Geologists & Sample Logs

Wildeat Sample Logs Covering Northern Oklahoma
FQOresc 5.0697 1721 Republic Bldg,
OKLAHOMA CITY, OKLAHOMA

CHESTER F. BARNES
Geologist

210 Dixie Avenue
P.O. Box 266

AMbherst 4-8081
BIG SPRING, TEXAS

PENNSYLVANIA

CHARLES E. FRALICH
Geologist and Pesroleym Engineer

125 Main Street BRADFORD, PENNA.

BRYAN D. BECK, JR.

Petroleum Geologis

730 North Sixth Street Beaumont, Texas

£ R el A R A 1 e L
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TEXAS

TEXAS

BERGER & BERGER
Geologists

Walter R. Berger, Jr. Walter R. Berger
236 Caritol Bldg. 1107 Fort Worth Nat'l Bldg.
Midland, Texas Fort Worth, Texas

JOHN L. BIBLE
SOUTHERN GEOPHYSICAL, COMPANY

SraMic-GRAVITY-MAGNETICS

3339 N, Rice Avenue Houston, TExAs

D'ARCY M. CASHIN

Geologist Engineer
Specialist Gulf Coast Salt Domes
Examinations, Reports, Appraisals
Estimates of Reserves
2018 Nat'l Standard Bldg.
HOUSTON 2, TEXAS

IRA BRINKERHOFF
Petroleum Consultams

San Jacinto Bldg. HOUSTON, TEXAS

PAUL CHARRIN
Geologiss and (Geophysicist

PERFVORATING GUNS ATLAS CORPOHATION
3915 Tharp Street, Houston 3, Texas
2001 Melrose Building
Houston 2, Texas

JACK COLLE
Geologist and Paleontologist

911 San %Q:S Bldg.
HOUSTON, TEXAS

Office Ph, CA 7-6266 Residence Ph. MO 5-4662

HART BROWN
BrowN GrOPHYSICAL COMPANY
Gravity
3300 Brcwnway Road  HOUSTON 19, TEXAS

E. O. BUCK

Geologist and Petroleum Engineer

NATIONAL BANK OF COMMERCR
Guur Buitning, HousToN, TExas

FRANK B. CONSELMAN
Qil and Gas Consultant

409 Alexander Bldg.
ABILENE, TEXAS

Office Phone 4-7229
Res. Phone 2-1434

R. W. BYRAM
R, W. ByraM & COoMPANY
Geologists and Petroleum Engineers

Texas Oil and Gas Statistics Austin, Texas

W. F. COOKE, ]R.
Anderson & Cooke

Ol Exploration Consultants
Geology - - - Geophysics

500 San Jacinto Bldg. Telephone
Houston 2, Texas CA 5049
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TEXAS

TEXAS

RALPH K. CUMMIN
President, Ralph M. Cummins Co.
Geologists and Pezroleum Engineers
Fred S, Reynolds Richard W, H:llyer
Fr. Worth Natl. Bank B Cominerce Bldg.
£t Worth, Texas Houston, Texas
son 243321 Capitol 8-3856

L. F. FISCHER
Exploration Consultant

Geophysicist
Geologist
621-A City National Bank Building
HOUSTON, TEXA$

R. H. D.iNA
DANA EXPLOKATIONS, INC.
Seismic Field Surveys

Reaniiyvis-Contracting-Supervision
1300 W, T, Waggoner Bidi;. FORT WORTH, TEXAS

FITTING & JONES
Engineering and Geological Consultants

Petroleum Naturat Gas
Ralph U, Fitting, Jr. J. Robert Jones
Box 1637

223 S, Big Spring St. Midland, Texas

ALEXANDER DEUSSEN
Consulting Geologist
Specialist, Gulf Coast Salt Domes

407 San Jzciato Building
HOUSTON 2, TEXAS

ROBERT D. FITTING
Petroleum Consultant

West Texas & New Mexico Afea
Appraisals - Exploration « Development
Room 202 West Building, 401 N. Colorado Street
MIDLAND, TEXA$

PAUL FARREN
Geopnysical Consuliant

ng ia Seismic [aterpretation,
Review, and Supervizion

1428 Bask of the Southwest FA 3-13%6

HOUATON 2, TEXAS

F. JULIUS FOHS '
Geologist

1077 San Jacinto u,__:&zw
HOUSTON 2, TEXAS

JACK B. FERGUSON
Geologist and Geophysicist

TIDELANDS EXPLORATION COMPANY
2626 Westheimer
Houston 6, Texas

HAROLD L. GEIS
Consulting Geologist
PETROLEUM AND NATURAL GAS

CApitol 7-3317 2123 Bank of the Southwest Bldg.
HoustoN 2, Tixas

HERSHAL C. FERGUSO
Geologist
Esperson Building
HOUSTON, TEXAS

608 Hidernia Nationa) Bank Bldg.
NEW OKLEANS, LOUISIANA

JAMES F. GIBBS

Consulting Geologist and
Petroleum Engineer

FOrest 8.4264 320 Meadows Bldg,
\ DaLLAS, TEMAS

GEORGE R. GIBSON
Geological Consultant

<00 Capitol Bldg.
Phone: Mutual 2-8327
Midiand, Texas

A e, e
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TEXAS

TEXAS

WILLARD GILL
Consulting Gevlogist

50% San Jacinto Bldg.
Teletype HO379

HOUSTON, TEXAS
Phone CA7-2316

JOHN A. GILLIN
National Geophysical Company

8800 Lemmon Avenue
Dallas, Texas

MICHEL T. HALBOUTY
Consulting Geologist
and Petrolenm Engincer

The Miche! T. Halbouty Bldg,
3111 Westheimer Road
Houston 27, Texas MOhawk 7-3601

SIDON HARRIS
Southern Geophysical Compuny

6640 Camp Bowie Blvd,
P.O. Box 2142 FORT WOKTIL |, TEXAS

DONALD GRAY
WEST GENTRAL TEXAS SAMPLE LOG SERVICR

WAlnut 3-6434 4028 Loyd Ave,

FT. WORTH 9, TEXAS
Detailed 'plotted stratigraphic sample logs on old
and current wildcat tests covering 30 counties of
the West Central Tesas area: Bend Aelh, Fr,
Worth & Strawn Basins and northern pa~ of
Central Texas Mineral Region,

T. F. HARRISS
Gealogist
MUtual 4-6535 MUtual 4-4609

P.O. Box 1643
MIDLAND, TEXAS

IRVING M. GRIFFIN, JR.
,ne:._iia..

Seismic Review auk Interpratation
: Aan
Field Crew Supervision
FAirfax 3-9111 1331 Esperson Bldg.
JAckson 2:4558 Houston 2, Texas

K. C. HEALD
Petrolenm Consultani
3941 Floyd Drive 605 Continental Lifc Blde.
PErshing 4712 FOrtune 9416

FORT WORTH I, TENAS

H. J. GRUY
H. J. GRUY AND ASSOCIATES

Petrolesm Consultants

Republic Bank Building
DALLAS, TEXAS Rlverside 1-1629

W. DAVE HENDERSON
Consulting Genlogist

P.O. Box 608

2660

CECIL HAGEN
Petroleum Geology & Engincering

i Foreign
Domestic 623 Patk Avenue
663 Gulf Building Apartment 4D

New York, N.Y,

Houston, Texas
Templeton 8-3358

R. V. HOLLINGSWORTH
HARQLD I WILLIAMS
W. H. ARANT
Paicontological Laboratory

P.O. Box 51 Phone 2-4521
MIDLAND, TENAS

WILLIAM 1., HORNER
Vice President, Core Laboratories, Inc.
Petrofeum Engineering and Gealogy
Engineering and Consuitant Department

801 Core Street DALLAS, TEXAS
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TEXAS

TBEXAS

1.5 HUDWNALL
Hyupsarr &

Peirolewm &,

Appraisais Reports
Peoples Nat'l, Bank Bldg. TYLER, TEXAS

LLOYD, PENN, HILLS & LESASSIER

WiLLiam Y. PENN Joun M. Hiris
JoHun W, LESASSIER

Geologists Consultants
307 N. Big Spring St.

Appraisers
MIDLAND, THXAS

W. CLYDE IKINS
Peirvlexm Geologist

OWnno»a,ww,u Hgm./.ﬂ.ﬂo?:w.;rwc:&:w
Home JA 2-61418 HOUSTON, TEXAS

JOHN §. IVY
Geologist

1511 Niels Esperson Bldg. HOUSTON, TEXAS

JOHN D. MARR
Geologist and Geophysicist

SEISMIC EXPLORATIONS, INC.

1007 South Shepherd Drive Houston, Texas

W. P. JENNY. : .
Consulting Geologist and Geophysicist
AERIAL 20d GROUND MICROMAGNETIC
SURVEYS and INTERPRETATIONS
GEOPHYSICAL CORRELATIONS
1606 Bank of the Southwest Bldg.
HOUSTON, TEXAS

PHIL F. MARTYN
Petroleum Geologist

911 San Jacinto Building
CApitol 7-6266 Houston 2, Texas

H. KLAUS
Geologist and Geophysiciss

Ktaus Exproration Company
Gravimetric, Magnetometric
and Radiometric Surveys,
Interpretations, and Reviews

Box 1617, Lubbock, Texas

MARTIN MATSON
Consulting Geologiss

740 Wilson Building
CORPUS CHRISTI, TEXAS

0. G. McCLAIN & J. D. BURKE

Consuliing Geologists

Explotation - Development
426 Wilson Building

Corpus Christi, Texas Phors 2-4132

FREDERIC H. LAHEE

Consulting Geologist

Valuations—Exploration Statistics
Underground Storage Reservoirs

7219 Kenny Lane Dallas 30, Texas

HAYDON W. McDONNOLD
Geologist and Geophyiicist

Kuystong EXPLORATION COMPANY
2813 Westheimer Road Houston, Texas

wowmmﬁh M. LEIBROCK
Consulting Peiroleam Engineer
LEIBROUK,, LANDRETH & CAMPUELL
Suite 207, Midland National Bank Building
Phone MU 2-730¢ P. O. Box 91
MIDLAND, TEXAS

ALEXANDER E. McCKAY
Geologist and Geophysiciss

CONTINANTAL GEQPHYSICAL COMPANY
Foct Wotth, Texas
<111 Continental Life Bldg, Phone EDison 2-9231
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TEXAS

TEXAS

GEORGE D. MITCHELL, JR.
Geologist and Geophysicist

911 Mercantite

Securities Bldg. Dallas 1, Texas

ROLAND B. PAXSON
Consulting Geologist
and
Potrolenm Engincer

3524 Sunset Blvd. Houston %, Texas

DABNEY E. PETTY
No Commercial Work Undertaken

4991 View Drive
SAN ANTONIO, TEXAS

PRI T e

S

2 -

A. G. NANCE

Geologist-Geophysicist

2506 Rebinhood HOUSTON, TEXAS

J. C. POLLARD
ROBERT H. RAY CO.
Geophysical Engineering

Scismic , ., Gravity . . . Magnetic Suzveys
2300 Bolsover, P.O. Box 6557 Houston 3, Texas

P. E. NARVARTE
Consulting Geologist

Setving Interpretations
Current Supervision and Review

Frost Nat'l. Bank Building
San Antonio 3, Texas

W. ARMSTRONG PRICE
Genlogiss

423 Wilson Duilding
CORPUS CHRISYI, TKXAS

OPPENHEIM & BRISCOE
VICTOR OPPENHRIN GLENN O. BRISCOB
Potroleum & Mineral Consultants
Domastic and Foreign

1206 Mercantile Securities Bldg.
DALLAS 1, TEXAS Riverside 3-3858

BERNERD A. RAY
Consulting Geologist

WEST TEXAS—NEW MEXICO

MUtual 3.2101 P.O, Box 1383
201 Chancellor Bldg. Midland, Texas

ED. W, OWEN
Geologist

505 Club Drive
San Antonio 1, Texas

ROBERT H. RAY
Roeerr H. Ray Co.
Geophysical Enginecring

Seismic . , . Gravity . . . Magnetic Surveys
2500 Bolsover, P.O. Box 6557  Houston $, Texas

C. W. PAYNE
PAYNE & WARKEN

Geophysical Consultants

' 2210 Continental Life Bldx.
FORT WORTH ) TEXAS

F. F. REYNOLDS
Geophysicist

SxisMIc EXPLORATION, INC.
1007 South Shepherd Drive Houston 19, Texas
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TEXAS TEXAS TEXAS TEXAS
< e AN 7. W. WEST
JACK P. RODGERS DANA mmnmqu \ﬂw\ >m. dWaﬁuﬂumnI?:UH NORMAN C. SMITH V 4 4.,“ OAPLE T AROR AL
Geolupist onsulting Geologisss Consulting Photogeologiss PERMIAN BASIN § o ABORATO;
Evaluations, Stratigraphic Problems 401 North Colorado, hone: 2-336:
Wese Texas New Mexico Weil Work Specializing in structural interpretation of air pho- MIDLAND, TF AN )
405 Mabry Streer Phone 2-1947 Petrographic Research , Swavmm in the interior and coastal plains, Al cusrent West Texas & vew 12:? teyoent
FEYAS San Juan Baun) wildcat & many Key poan well
MIDLAND, TEXAS Phone 3.3872 . Phone 3.3750 DALLAS, TEXAS sample logs.
: 311 Leggett Bldg., Midland, Texas . ; 5112 Horseshoe Trail FLectwoad 1-1140

Over 4000 logs available on EDPOILINT testy,

HOWARD E, ROTHROCK : C m
WILLIS AND WELLS
Consulting Genlogist A, L. SELIG WM. H. SPICE, JR.

. . Vo H, WILLIS I, v i~
Exploration—Evaluation—Research—Wel] Analysis Consulting Geologis . Consulting Geologist !
Domestic and foreign experience - i . o
Coleman I'arojewm Bidg. P.O. Box 902 1907 Bank of the Southwest Building : 2101-02 Alamo National Building OR 44389
Phones; wwwwu COLEMAN, TEXAS Houston, Texas : SAN ANTONIQ, TEXAS OR 4.3672
B ZIMMERMAN
HFWLETT A, RUSSELL G. FREDERICK SHEPHERD HARRY C. SPOOR, JR. CHARLES C. ZIMMERMA
o BETTIS AND SHEPHERD Consulting Geologist Gealogist and Geaplryzicie:
Subsurface and Geopiysics Oil and Gas Exploration and Management : . CBYSTONR KXPLOKATION COMPASY
Staley Buildi Wichita Falls, T 608 Gulf State Bldg. Prospect 0807 : Petroleum . .. ... Natural Gas 2811 2%.“.:2.::.4 ?.x:% Houston, Texas
aiey Building ichita Falls, Texag Dareas, Texas ! Commerce Building Houston, Texas
UTAH
C. H. SAMPLE mw@m%\mmmm:u m RODERICK A. STAMEY GRAHAM S. CAMPRFL,
CoTe Geologist ; Jogi
, . 0i0g1st : Geoloo
Consudting Geologist ATOMIC ENEKGY CORFORATION OF Trxas m. Petroleam Geolog “ Peiroleum Geolo
. . ; Rusk Building Box 3- . , .
Suite 803 HOUSTON 2, Trxas Uranium Oil & Gas Housron, TrxAs ONTARIG, ORiGON 1102 Continental Nank :
711 Main FAirfax 9997 Phone Box 723 ! Box 306 Building
GL 3-0891. . Austin, Texas ' SHELBY, NORTH CAROLINA Telepliones-
JOHN HOWARD SAMUELL )
. WN DONALD W. ST. CLAIR
Geologist and Petroleys; Engineer E. JOE SHIMEK HART BRO lsing Geolopist
: ; ing Geologis -
BANK EVALUATIONS GEOPHYSICAL AssociaTes i Consulsing & , e
Telephones 4-4493—4.4307 Box 732 Seismic Telephone: 910 W. .ﬂa::onxm 708 L
Compton Building ABILENE, TEXAS P.0. Box 6005 Houston 6, Texas MUtual 2-1828 MIDLAND, TEXA

SIDNEY SCHAFER - . 4

J, ROBERT E. McDONAID

Sidney Schafer and Company KENNETH A, SIMMONS , JOSEPH D. TOMPKINS o
. : Petroleum Gealogist
Exploration Consultanss Consulting Geologist Petralenm Geologis erroloum Gealagis

Domestic and Forcign Telephone: 114 Tomahawk Trail | . B s
2200 Welch Avenue HOUSTON 19, TrXAS OXford 4-3834 SAN ANTONIO 12, TEXAs X P.O. Box 113 ABILENE, TEXAS G s e
HUBERT L, SCHIFLETT FRED 1. SMITH, JR. DAVID SCHU'M

WALTER C. WARREN
STATES EXPLORATION CoMpaNy

Consulting Petroleum Geologin

Geological Consultant Cominliing Geude.,
Setsmic, Gravity and Magueiic Surpey, %u\wea\&eh}.\ permian B Sun Jorn Basn RN
F31
P.O. Box 845 Phune: TW 2.6166 Office: CApitol 5-6636 Res.: Mission 4-4 ermian Jusn Basin N
Hwy. #73, Nocth 5.1 Mission 4-4907 - 401 Mabry St,

Sherman, Texas 1226 Bank of the Southwest Bldg.
HOUSTON 2, Tmxas

MIDLAND, TEXAS Alpine + o574
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WYOMING

VENI

LOUIS D7~ niliiNe

9 N N .
Crglngen AN SN

CAEACAS

L Aonte Avila l, pg%

e, Belio M

WEST VIRGINTA

HOWARD F. JOHNSTON

Consu G

Phone GA

okl M

arnet Street
PARKERSL RG, W Va,

DAVID B, REGER
Consuliing Geclogist
2,0, Bex 816

MOKCANTOWN
Qicer 6723

xa 6303

WYOMING

JAMES G. CRAWFORD

In

CHIMICAL & G
o 448y

Dok 27w
WM. H.o
Ge.!
CASPER, * - .
P.O. Bux
m“M ENE [

Phone 3-80%4 or 2.0301

222 Coutman Bu

D. H. ELLIOTT
Consulting Photogeologist

Bax 1007 Phone 2-189:
CASPER, WYOMING

JOHN R. ELLIS
Consulting Geologist

PETROLEUM - URANIUM
P.O. Bux T2 Ph. 3-4290

CASPER, WYOMING

ELDON HOUSE
Consuliing Geologist

Phune 494 1938 Shoshone Trail South

CODbY, WYOMING

E. W. KRAMPERT
Consulting Geologist

P.O. Box 1106
CASPER, WYOMING

THOMAS R. MARSHALL, JR.
Petroleum Genlogist

s 2-8373 216 Cottman Bldg,
36523 124 West 2nd Sureet
CASPER, WYOMING

JOHN F. PARTRIDGE, JR.
Cousulting Geologist—Geophysicist

EXPLORATION GEOLOGY
LVALUATIONS
2.0,

r

SEISMIC REVIEWS
SEISMIC SUPERVISION
x 258 Roora 211 O-§ Building
ee 2-6485 and 2-3328 CASPER, WYOMING

H. E. SUMMERFORD
Consulting
Petroleum Geologist

. 137 P.O. Box 283
fenr -8 CaspEx, WYCMING

e
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ROCKY MOUNTAIN SECTION
AMERICAN ASSOCIATION OF
PETROLEUM GEOLOGISTS

Presidemt - =+ Robert W, Mallory

The Cham lin O__ k znm.::a Co., Casper, Wyo,

Vice-Presidant - - - Onnmoa K. Elias
orado

Gulf Oil ncnv.. UE.-: o, Co
Secretary-Troassrer - - muaa A, Masterson
Canada mocz_u:— Oils, Inc,

P.0O. Box 3“ Quue. Wyoming
Past President - - rank Neighbor
Sun Qil PP. m-_. q.nrn 0_7\. Utah
Regional Meeting—Casper, Wyoming. April 27-
30, 1958, Please address correspondence to the Sec-
retary,

THE SOCIETY OF
EXPLORATION GEOPHYSICISTS
President « .- . O
The >:.::: %a:::i Co., Du
President - - - - Ben F. Rumme

ntury A:.S.,:w:n: Corp., Tulsa, Oklahoma
Secrotary-Treasurer - - Howard L, Itten

Empire Geophysical, ?n. Fort Weorth, Texas
Editor - - . - L. Y, Faust

Amer ? 1237:5 h:% \ .h.c?_. Oklahoma
Past-President - - - - Roy F. Bennpett

Sohiv Petroleum no: Or_pvciu C Oklahoma
Business Manager -« -« - ne_:., C. Campbell
: Box 1536, Tulsa 1. Or_n:oa»
28th Annual Meeting, Oct. 13-16, 1938, San An-
tonio, Texas

29th cnnual Meeting, Nov, 9-12,
reles, California

19%9, Los An.

GULF COAST SECTION
SOCIETY OF ECONOMIC
PALEONTOLOGISTS
AND MINERALOGISTS

President « + - + « + « . Llovd M
Sehin Petroleum Company,

Preatt

Vice-President » -

911 San Jacinto EEEST Houston, Texas

Secretary - - - Hervie Tillingham, Jr.
>:..::n wn::_:n Co., Box 1346
Heuston, Texas

Treasurer - - Eleanor T. C;
Humble Oil k znm:_:x Co., Hatt'esburg, Miss.

Past President « « - - L, H. Rainwate:
Shell Ol 03333.. :o::cn Texas

Meetings to be announced,

FOUR CORNERS OmOrOO—ﬁ.».ﬁ

SOCIETY
DURANGO, COLORADO, P,0O, BOX 1501
President - - - -« « Hartell Budd, Jr.

Consultant, 1»:5:58: New Mexico
13t Vice-President - - - - B, Parker Chipman
Chio Qil Company. UEﬂawo no_o;ao X
2nd Vice-President - -« - Hoye Zq Caine
Superior Oil na.. >_v=ncn3§. New Mexico
Secretary - - - R. §. Breitenstein
The Texas Ooavna. m»-B:_ ton, New Mexico
Treasurer - - - arvin L. Matheny
El Paso Natural Gas Company,
Farmington, New Mexico

Meetings are held monthly, rotating between Albu-
querque_and Farmington, New Mexico and Du-
rango, Colorado.

YELLOWSTONE-BIGHORN RESEARCH
ASSOCIATION, INC.
RED LODGE, MONTANA, P.O. BOX 63§

Precadent + - o o -0 WL
Detrore, Michican

e President Maxwell

/.,.: :_:::;:.r /Z, F?

Treativer < - - o - -« - o Rug Hann
New York, New Yok

. - e s Gl B Mavey
C-?u:u.r.s:?

be announced,

CALIFORNIA

GULF COAST ASSOCIATION OF
GEOLOGICAL SOCIETIES

President « - « « H. N. Hickey
The n»_;o::u no.. Zoi Orleans, La.
Vice-Presidemt - - . - Porter Montgomery
Pan American Pet. ne_ﬁ.. San Antonio, Texas
Secretary - - - - . R, A, Davis
The Texas no._ mox ~uw~ :oc%as Texas
Treasurer « - - Kenneth C. Andetson

Anderson- v:nr a O__ Corp., New Orleans, La,

Bditor - Jules Braunstein
wrn: O: no.. Znt 0123. La,

Annual Fall Meeting—November 6-8, 1957, Ad.
dress requests for coptes of the annual 'G.C.A. G.S.
Transactions to the treasurer of member societies
»n Corpus Christi. Houston, San' Antonio, and
ler, Texas; Baton Rouge, Lafayette, Lake
nwwnn_a-. New Orleans, and Shreveport, Louisiana ;
Jackson, Mississippi: and Tallahassee, Florida.

PACIFIC SECTION
AMERICAN ASSOCIATION OF
vm;OHmCz GEQLOGISTS

U
. _un_: Ca LA Wit

cdent o - -
Monterey O Com
Secrcbary « » -

tiee-Pr

73:;:1 Seere
Los Angeles

Mont __523.5,. first: Thursd

SAN JOAQUIN GEOLOGICAL SOCIETY
BAKERSFIELD. CALIFORNIA
Prasidens - - . Thomas W
.;o O?o OL A.:B.E:.x

Vice-President - - . VoL
Intex O: n:BJ..::.

Secretary-Treasurer - - - John E. Clare
The Superior O: Company
3301 Brundage Lanz

Dinner mectings on first Tucsday of each inonth,
or as aanouncad. El Teion Hotel, Bakersfield.

snn

. Vander Hoof

ANViH

GEOLOGICAL AND GEOPHYSICAL SOCIETIES
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CAN A FLORIDA
iRt A SOUTHEASTERN
# 0. Box 241, CA GEOLOGICAL SOCIETY
Preid e e Boe 841
o TALLAHASSEE, FLORIDA
e reindent - 0
" e Presdent - s . Walte
3 n Sun Oil neSv:s. after L. Erwin
C D o Vice-Peesident - - - W .
e e The California noBv-mw:n E. Moore
& /‘unrnu” € Secretiry Treasurer - . Bennett F. Buie

drewday

nlement

Florida Staie Cn.ﬁ??

s Previdens « - James L. Carver
Florida Ono. UEQ_ Survey

Mcetings will be annaunced, Visiting geologists

DMONTON GEOLOGICAL SOCIETY
EDMONTON, ALBLRTA

tlept .

She Califirnia Sz

Crawferd

Hope

McCourt

6]

O Allan

-

SASKATCHEWAN GEOLOGICAL
SOCIETY
200 Hox 2sd
REGINA, SASKATCHEWAN

L. Foud

-

E w?xi\l - e
Tide Witer Asvu

Seretiry Tecgiyece o

Blaisiee

s .r > ,H: mMPIon
Amerian O O.J;.Sw

- E H. Sihu

. Brennag

ol each
Visit-

and friends are welcome.
ILLINOIS
ILLINOIS
GEOLOGICAL SOCIETY
\:::.::. - -+ Lester L, Whiting

inois mnpnn O ological Survey

.v..“.m,.,c: sdens - < = < James H. Griffith
Maznalia vnwa_an nosv»E. Mt. Vernon
Secrerars Treaturer Char!
3 T rles H. D
Cities Service il Company obbs
P.Q. Box 71, Olney
m - - « -« - . Max C, Firebaugh
Beos. Ol Company, Mt, Vernon *

Meetings will be annoutced, Visitors welcome.

Puast-Pre.

INDIANA.KENTUCKY

INDIANA-KENTUCKY
GEOLOGICAL SOCIETY
EVANSVILLE, INDI. ANA

President . . . John D. V
. an Fo.
. »7\.2.58 O__ no.. Exansville, _n&»”- s
pcesPresdome . - Avery
s Felmor+ Ol ncSvu:c. _vtnauvoncnjﬂ%:cmﬂﬂnr
coretarys Creasurer - = - N, W. Mont,
Schlumberger /Ai_ Surveyi ing no:m gomery
Court St., Ev: :.!:_W~ lndiana

P.ast.Preiidont o« o . - Roderick
Consulting, m,..‘.:v‘::n aniam Forsyth

Meetings will be announced.

lJl

KANSAS

.,0?)., MOUNTAIN

KANSAS GEOLOGICAL SOCIETY
WICHITA, KANSAS

Precidens
. W
Johas and anﬁrna s01 ?mhmm:,maw?ra

Ve P&.:.\m‘: - . oh
.- n D. Bartlett
Be Texas Q.Bvu.s.. 614 Bitting Bidg.

Secretary-Treasurer « . = - Karl E. Becker
m.na.u.. vn:o?ﬁ.: Company
420 West Douglas

aicsl meetings: held monthly, room 07, Sci-
‘e Buiiding,  University  of v.g_&:nun ZWMHH
,n/:no.: nmuuw nnwm ,E.m.ﬂ Zmaa: of sach menth
A eteria e Socie h
axs Wel! Log Bureau, nnm.nw«.n —Mvo:au%u:/dnn_n—

ple Bureau, 308 East Murd isiti
aeslugists and friends welcome, ock.. Visiting
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KANSAS LOUISIANA
LIBERAL GEOLOGICAL SOCIETY SOUTH HOC._.mH}H/‘.\w GEOLOGICAL
LIBERAL, KANSAS SOCIETY
Eresidint Lele S LAKE CHARLES, LOUISIANA
cidd. - . ¢ Stewart ¢ 7
United v:&c::r ﬁ:::, :wv . ?.0. Box 5137
Vice-Prevdent -+ - Hugh Wingerter Fresident Z " ~ Parolean ey N, /(J.UE:S
Caolorado O: % 0.7 Corpuration Vice- Exn.:&\pn:.o :.» 1.«30?...,5.00.:%"_ ick
Secretary - - . . . . . Romld Uhi Union Oil & Gas hoGo:::: of Louismiana
».::, Laboratories, Inc Secretary - - -« Peter E. DesJardins
. i ' Shell Ol A.QEJ.SU‘
Treasnrer - <+ Richard Mercurio Treasurer - - - L. Sistrunk

:;, n:::,_‘ O Company

Dimnner meetings: Second and fourth Z::,_.:, Sep-
tembes-May inclusive. .{.:::;« meetinas: June-
August inclusive, <7:_:r geologists and fliends
cordraily 1nvited.

LOUISIANA

m:a: Oil noav»E

Executive Commuitee

Henry Mugler, Magnolia Petroleum Company

Troy A. Freund, Bel Oil Corporation
Meetings: Dinner and business meetings third
Tuesday of each month at 6:30 p.M, at Sammy's,
Special  meetings by announcement. Visiting
Reologists are welcome.

THE LAFAYETTE GEOLOGICAL
SOCIETY

LAFAYETTE, LOUISIANA

President -« - - Robert R. Copeland
Fred cQ wuwnu & Associates
—\..D..??:Nni « + =+ - Robest R. w:::-:

e Gas Tra ion Co
w?:.::u . s . . ?9»& . Beh
>_.rn=u»u H:n_ Qil Corporation
mox 1206, Oi] Center Station
Treasurer - - o Patk G, Ogden, Jr.
m:m‘n_o oil Company
Bxecutive Commillee .
Kenneth R. Johnson, Gasoline Production Corp.,
Jay B. Wharton, Jr., Consultant,

Meetings: Business and  dinner meetings by
monthly announcement. Visiting geologists wel-
come.

MICHIGA

MICHIGAN BASIN GEOLOGICAL
SOCIETY
LANSING, MICHIGAN
President - - -« <Thaddevs B, Vance
Panhandie mtz..a: Pipeline Co., East Lansing
Vice-President - - - - Margarer J. Applegate
Sun 01l Co., Toleaw, Qhio
Secratary-Treasurer - Mis, aﬁ.n:< L. Champinna
Michiran UG»:BnE of Conservation
vnn<n=u T. Mason Building, Lansing
Business Manager - - .« - Mrs, Jape E. Smith
_ Michigan State University, East fi.on
Libratian -« « < « « + F. Welis Terw
Michigan Department of Consesvation
Meetings: _Monthly, October through My at
Michigan State University, East Linmog, Miche
gan. Visitors welcome,

NEW ORLEANS
GEOLOGICAL SOCIETY
BOX 1613, NEW ORLEANS 11, LOUISIANA

Prevident - - . - - Cuarl F. Grubb
Superior il A\:B_,.::_ >B»:2: Bank Building
Vice-President - - - - Jehn G Watsen

Shell- Ol nrc:....:w Shell Building

Secretary - -« Kenneth M, Waers
,;n ﬁ::.::.; ?.3?:2
The Califorpia Company Building
Treasurer - - Larey B Eustis
z.:ér__r /EE& Gas Co.
Maryland Casnmalty Bldg.

Mects the first Monday of every month, Blue Rom
of tne Roosevelt Hotel, Special meetings by an-
nouncement.  Visiting geologists and fricnds cor-
dually invited.

MISSISSIPPI

MISSISSIPPI
GEOLOGICAL SOCIETY
JACKSON, MISSISSIPPI

E

i Munsous

President <+ o o o o . .

Sun Qil Cempan

Vice-President - -« Gerawd K. Anderson
The 073 Ol O :.u:(

Secretary - am D, Stincen
Lion O; QVBJ.._Q vO U::.:. W01l

Treasurer - nett R Adams

urn: O: 0_31._

Luncheon meetings first usa third Thureday
cach month, October through Mav, evening meet-
ings by announcement, Hot g In_c?;n g Vi
geologists and friends cordially invited.

THE SHREVEPORT
GEOLOGICAL SOCIETY
SHREVEPORT, LOUISIANA

P.O. Box 750

Bresident - - - T. P. Woodward
ﬁmznn O; o::cni

tst Vice-President « - - F. N." Blanchard, Jr.

Sinclajir Oil & Gas Company

2nd Vice-Presivent - - - - A, H. Trowbridge
Olin Gas Traasmission

Secresary - - - o 4 . . R. L. Breedlove

Arkansas Louisiana Onu Box 1734

Treasurer - - - .« William A. Ruoff

>uru:m= msn_ 0il neva:.:a:
Pust President - - - W. H. Marshall
Union vnomzn.sw noavni
Meets monthly, September to May, inclusive, in
Science Hall, Centenary College, i mectings by
announcement,’

MONTANA

BILLINGS GEOLOGICAL SOCIETY
BILLINGS, MONTANA

P.Q. Box 844
Precident + ~ » o~ » » - . Tamer O, SRR
McAlester Fuel Company

it Vice-President - - - -\ H. Aldernan
Pan_ American Petroleum Corp
2nd Vice-President - - - H. L.
Farmers Union Q..E:, Exchange, Inc,
Secretary - - .. Pl AL Munde
M _._ F.L:S.:n Company
Treasurer - .« Carlos ]J. Barkley

/»ca ﬁz.nr 1} Company
Meetings: Regular luncheons, every Wednesday,
12:00 noon, Sceptember through May, Northern
Hotel, Dinner meeting by announcement, 1iitors
weicame,




XNX Sulletin of T} i Association of Petroleum Geologists, November, 1957

Bulletin of The American Associalion of Petroleum Geologists, November, 1us7 A¥NT

NEW M -~.(CC0Q

OKLAHOMA

THE ROSWELl . i 0OG.CAL
sOC

P.O.

ROSWELL, N

Presiden: « o o .
sanray-Midco
eFresrden: -
The At

Walker

nq the last
vear at
wists ate

NEW YORK

OKLAHOMA CITY
GEOLOGICAL SOCIETY
OKLAHOMA CITY, OKLAHOMA

Erosedent - - -« -« . . Neal H, Pott
W, Ross Cabeen & Associstes ’
Viee-President - - - « - Glen L. Blackm
Harper Oil Company ackman
Secretfary - -« -+« - o William L. D
Magnolia Petroleum Company uagan
Box 1828

Treasurer - - - - « - . J. W, McHugh
The Texas Company U8
Editor, Shale Shaker - . . . Suz

Magnolia Petroleum Ochh.H. ¢ Takken

Reguiar luncheon meetings second and fourth
Thuzsdays of each month, mﬁzavﬂ..—gn. inclu-
sive, 12:00. moon. Y.M.C.A. Special evening
mectings by announcement.

AMFRICA® SCCIATION OF
PETROLEUM GEOLOGISTS
NEW YORK, NEW YORK

Precidens - - o . o L L . Carrell . Cook
Standard Oil Company (N.J.) o
Vice-President . - - - C H. Dreshach

Guif Qi Corporation

Secretary « . . . . . . . H D Klemme
American Overseas Petroleum, Lid.
Treasurer - S0 oo+ Opden W Nine, Jr,
| Arabian American Oif Cumnpany
Meetings by announcement to members, Vis

&ruisgests and friends cordially invited,

SHAWNEE
GEOLOGICAL SOCIETY

SHAWNEE, OKLAHOMA
President « - - . - . . . . Vorin Welch
Carter Qil Company
Vice-Prsident -« - . . Charles W, Cargile
Bartett Petroleum Company

Secretary-Treasurer - -+ . Soren J. Uhrenholdt
Atlantic Refining Company

Meets the fourth Tuesday of each month at 8:00
v.M., at the Aldridge Hotel, Visiting geologists
welcome,

NORTH DAKOTA

NORTH DAKOTA
GEOLOGICAL SOCIETY
Box 1123
BISMARCK, NOR'TH DAKOTA

s

i

) Nir
Vice-Preadine - Ha:es

Secrcrars -

.M

OKLAHOMA

ARDMORE
GEOLOGICAL SOCIETY
ARDMORE. DKLAHCMA

Peecidenr . . . . Ko
. LA obert . All
Continents) 01! Comonny 7 Adlen
Vice-Presidens . Citneon E A
S wn E, Near
Continental Of; 7 any Nearhood

Secretary . - . . . . . - 5
PLillips Petrole.r, thmw.wfos»nz

Trearurer - Limnd S, Rouget, Jr.
:;Law

The Texrs ¢
Dinner meetings will be Lo’ 4
! ! 2t at 6130 P,
fitsc and nr:m Thussday - svery u..oﬂ&eﬂawﬁ
September to May, ‘inciiiws, ap the Ardr
Hotel or the Y W .C.A. : Femore

TULSA GEOLOGICAL SOCIETY
TULSA, OKLAHOMA

\\:n:.\..i....,, .- - - Parke A, Dickey

. Carter il Corapany

16 Vice-President . . .. Augustus Goldstein

_Bell 01l and Gas Company

2nd Vice-Presidens - . . . Norman S. Morrisey
The Oil and Gas Jousnal

Secretary - .. oL U Tames W, Snider

. Amerada Petre!. Corp., Box 2040

Tetasurer - . st o« « G Wilbur Haynzs

., Fan American Petroleum Corporation

Fditor « - oo o LU0 L Robert H. Arndt

o University of Tulsa

Business Manager, Digoss « . . S. E. Frezon
U. 8. Geological Survey

w?nﬂ:_nﬂ Fitst and third Monday, each month,
from Qctober to May, inclusive, at 8:00 P.M..
University of Tulsa, wﬁSF:B Bldg., Luncheon:
ety Friday, October to M.y, inclusive, 12:00
fiown. Chember of Commerce Dining Room.

PENNSYLVANIA

PITTSBURGH GEOLOGICAL
SOCIETY
PITTSBURGH, FENNSYLVANIA
Predideny o o . L L, T. V. Buckwalter
Departnent of Geology, University of Pittsburgh
Vice-President . . . . . . Robert §, Stewart
s Huntley and Hur tley, Geologists
?.‘&&Q. ot * = « « « Th s,
, New York State Natura] Gas m.a_wvnunp_.aﬂcra
reqsurer . . .. . . RO, .
Pittsburgh Plate (3lass ooh:n%o:n. .:

Meetings held each month i

: except during the
suminer. All meetings and iviti
special uasccannaoan.w other activities by

“ERETRE I

TEXAS

TEXAS

ABILENE GEOLOGICAL SOCIETY
BOX 974, ABILENE, TEXAS

President - . . . . . . . Aghur L. Jenke
Russell Engineering
Vice-President - - . - . Ricbard R, Bloomer

Consultant
Secretary - - . - . . - Louis A, Williams
Sun Oil Company ’
Treasurer - . - - L. W. Dorbandt

Diamond Drilling Company
Meetings: Luncheons, twice monthly, Wednesday
noon st Drake Hctel, Special evening mectings

. by announcement,

BEAUMONT GEOLOGICAL SOCIETY
BEAUMONT, TEXAS
President - - -« - William H, Matthews, 111
Lamar State College of Technology
Vice-President - - - - Richard T. Chapman
Independent
Secretary - - - - <« . . . Saul Aronow
Lamar State College of Technology
Treasurer - - - . - + < . Joe E. Smith
Bryan D. Beck and Associates
39% 10th Street
Representarive 1o Gulf Coast” Association of
Geological Societies - - - Bryan D, Beck, Jr.
Consultant

Mectings: Monthly night meetings at Lamar Tech
by apnouncement. Visiting geologists and friends
welcome.

EAST TEXAS GEOLOGICAL SOCIETY
TYLER, TEXAS

President « . . . . . . Johe L. Read, Jr.
W. H. Bryant Interests
Vice-Presidemt - » - - . Thomis A, Walker
Magnolia Petrolevm Company
Secretary -+ .+ - - . James F. Bollman
The Texas Company
Box 480
Treasurer - - . . - Thomas A. Chandler

Unjon Producing Company

»n Luncheon: 1st Tue
Christ Episcopal Church. Evening Dinner:
Tuesday of each month, Cedars of Lebanon Club,
mWnn:: meetings by announcement, Visiung ge-
ologists and friends are welcome,

CORPUS CHRIST!I GEOLOGICAL
SCCIETY

CORPUS CHRISTI, TEXAS
P.O. Box 1068

President - - . . . - . . Ralph E, Becker
Republic Natural Gas noavuzm
15t Vice-President - - - - - James E. Ramsay

mn_::_scn_.wnndQn: mc~<nf.:m~ noquon.:o:

2nd Vice-President . - - - Robert B. Morton
Sunray-Midcontinent Oil Company

Secretary = - -« « « + . Francis R, Clackson

Independent

Treasurer - - -« - - - - R. C. Wilshusen

Core Laboratories, Inc.

Councilors « « « = o o v 4 ..

Dale L, Benson and C. C. Miller

Luncheon meetings are the first and third Mon-
days of each month, 12:00 noon, Terrace Room,
Robert Driscoll Hotel. Special night mectings to
be announced,

FT. WORTH GEOLOGICAL SOCIETY
FORT WORTH, TEXAS

President -+« « - - . . \Y, L. Gupton

Consultant

15t Vice.President - . - -
~ Rowan Oil Com

- 1. R. White
iny

e

2nd Vice-President - - +« K
Midwest Oil Cor
Secretury « o . . - George W. Marh
Continental Oil Co. 1710 Fair Bldg,

Treasirer « -+ - - - - Tom F.

- ewWman
Pan American Petroleum Corpona

)

Meetings: Luncheon at noon, Hilton Hotel, firw
and third Monday uf each month, Visiting ge
ogists and frieuds are invited and welcome at all
meclings.

DALLAS GEOLOGICAL SOCIETY
DALLAS, TEXAS

President - - - . - . . . Dan E. Boone
G. Scott Hammond
1ss Vice-President - - Norman C, Smith

Independent, &Z, Horseshoe Trail
2nd Vice-President - - - - - Frank Reedy, J1.
Republic Natural Gas Company
Secretary - + - . . . Peter N. Wiggins, I}
2308 Adolphus Tower
Treasurer - - - - - - Barl B, Westmoreland
Crasultant
Past President - - - - Holland C. McCarver
Seaboard Qil Company of Delaware
Meetings: Monthly luncheons and night meetings
by announcement. Vicitors welcome.

HOUSTON GEOLOGICAL SOCIETY
HOUSTON, TEXAS
President - - . - - . Aubrey H. Rabeasburg
c¢/o John W. Mecom
15t Viee-President « - <« . Sam M, Udden
Continental Qil Company
2nd Vice-President - - - - Ralph E. Taylor
Humble Oil & Refining Co., Box 2180
Secrerary -« -+ -+ . Richare B Hohit
F. A. Callery, Inc.
Treasurer « - - « .« . . Edd R. Turner, Jro.
Tidewater Oil Company

Regular night meetings held on the 2d Monday of
cach month ar the Houston Club. Special noon
funcheon meetings by anavurcement, For any
particulars pertaining to the mecting, write or
call the 2d Vice-President,

LUBBOCK GEOLOGICAL SOCIETY
LUBBOCK, TEXAS

President « « + + - « - . . F. A, Wade
Department of Geology
Texas Technological College

Vice-President - - - - - - €S, Valder

Pan American Petroloum Corporatinn
Secre. y-Treasurer + - - -« W, E. Brunwn
Pun American Petroleum Corp., Box 2
Puit President - - - . - . Ray C. Mortis

Pan American Petrolcum Corporation

2

Meetings to be announced.
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TEXAS TEXAS WYOMING
WEST TEXAS GEOLOGICAL WYOMING GEOLOGICAL ASSN.
§ e
SOCIETY P.O. BOX 345, CASPER, WYOMING
MIDLARD, TEXAS President - -+ - -« < . Myron D, Hubley
Box i Pan Anerican Petroleum Corporation

15t Vice-Presideme - - - - . Philip Andrews
Mobil Producing Company

24 Vice-President - - - . . Robert E. Jones

N »m\._...., 1

President
5 Caspont

Van Amencan Pereol

Vice-lerstdint - - - Hamid 1 Filaxms : Schlumberger Well Surveying Corporation
Paleantulngical Jaboravry i Secretary - . - - < - . Glen L. Faulkner
Secertary - -« o+ - . - - Glen L. EBeisg } Superior Oil Company
Lo s Jand & Lxpinsanas €40 { Treasurer - - - . . . . Viagcent L. White
Freaurer - - . .- Rt L 1y . Gulf Oil Corporation

Sun Ol Cotnpany i .
Informal luncheon meetings every Friday, 12
Luncheon msstingy ist and 3:d Tuesdars, (2.3 noon, Townsend Hotel. Visiting geologists wel-
nonon,  Scharbauer Hotwel, Evening meeungs 37 come, Special meetings by anaouncement,

sprcial announcement,

UTAH .
INTEKMOUNTAIN ASSOCIATION Geological Cross Section of Paleozoic Rocks

OF PETROLEUM GEOLOGISTS “ e e e | .« Yoo

SALT LAKE CITY, UTAN, 22 24 Central Mississippi to Northern Michigan
Preident -« - o o . -« Roder [ Miniz ’

American Petrofina Corprazion . e 3 TN

bor ‘\5...:””&“%. ofiaa uﬂwﬁﬂ Gowiz . w:%m:.& under auspices om.ﬁrc >.,w.oo5:o=m Committee on

Standard Oil Company of Califsrmia Geologic Names and Correlations. Edited by Grover E. Murray
o2 Vice-President - - . . . Qecrge Hermmas :

Shel! Oi! Company .

Sececrars - - o - - . . . Joha N. Daa= . _
- El Puse Narwai Gas fompiay Chapters on Names and Correlations, East-Central Mississippi
Tresiurer « - - Floyd H, H:dmas

The Texas Company and Northwestern Alabama, Tennessce and Western Kentucky. A
Nzw

Illinois basin, North-Central Indiana, and Southern Penins

of Michigan. Five graphic sections, vertical scale 500 feet to

B T Ty C ; the inch, folded in pocket.
T uu...t, B R ‘xl.. Tt UTAR GEOLOGICAL SOCIETY ' .
LT T SALT LAKE CITY. UTAH .
N i ,4 o 1. U ®om 202, Mines Building, Universiey of Uuz 29 pages of text, 2 mmq.—:.mmw index.
— Ioms Toa Do Tomraee T Focdemt oo . o0 Haneld L Blsel Pressboard bound, 8 x 10 inches
P S ) s Brigham Young Univessity, Prova, Lus
. ’ SiePregident « o+« .« . Civde T. Hasdy Price: $2.50 Postpaid
LA . T Tl tes o Unah Sate Agriceitural College. Legan, Ums . ’ .
Dariet: Do Dz T ’ SoceigenTreqsurer <« - - Anthur L Coawlosd : ﬁs‘wavﬁﬁ price, %N.er
. - L Unad Geologica! & Mineralogical Server
Univensiy of Utah, Sale Like Gy ’ “ Sections available separately at $0.25 each, $1.25 per set
N m, THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS
AR T AnRmEnieent ! Box 979, Tulsa 1, Oklahoma
WEST VIRGINIA
ST S TEILAS ZETLTGGITAL ANDITTY H
NS TR AFFALACHIAN GFOLOGIC: ,
ema oary o | MIOCENE STRATIGRAPHY OF CALIFORNIA
CH! mmwmmm.&wmwwow..m,UMy,m.» A Robert M. Kleinpell
Fre desio oL Gase L Raiests : 450 pp., 14 line drawings, including a large ,.c:.awzmoﬁ chart. m.w. plates of .N.cn::.m.
Siveitive Tersineee .a ,._.,,H;.z tecsnder H. dmion m nifera; 18 tables (check lists and a range chart of 15 pp.). Originally E.:E.__,_ n
Wweas, Labber-Owens Gas Depanment 1938. Offset reprinted, 1955. 524 by 814 inches. Cloth. To members S4.50. Non-
T i Eaien oL Dosgias PN . members $5.00. Available now.
v, each meath, excess THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS
A s e R Box 979, Tulsa 1, Oklahoma
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we’ll show you where

ey

. . . to locate your next well and

give you an accurate picture of
oil-producing possibilities,

For positive results and high
; production, you can depend
on Tidelands’ experienced
crews,

A COMPLETE
GEOPHYSICAL SERVICE

the final result
is the yardstick of cost

When Petty handles your exploration job you'll get more and hetter data
at the lowest possible cost because:
® You have the benefit of 33 years of world wide experience,

® You have the benefit of skilled men dedicated to their job — and yours.

You have the benefit of advanced equipment buill 10 meet spacific job con-
ditions, thereby producing more reliable data and reducing over-all costs.

Since it's the final results thot counts, count on Petty for maximum performance
—- the true yardstick of cost.

“ m* , . T * EXPLORATION CO. ® GEOPHYSICAL CO.

! | . , : ® OFFSHORE. INC. . ® OVERSEAS, INC.
GEOPHYSICAL J ENGINEERING CO. . o g

SAN ANTONIO 5, TEXAS
District Offices: Houston, Tulsa, Billings, Lafayette

i

SEI1SMIC GRAVITY MAGNETIC SURVEYS
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aroid mud log gives you a minute-by . ! ! .

: ’ -eye rovide illi 3 . i 1 - knowledge of your jocal s igraphy than anyone
minute report of ~down-hole conditions right wﬁiwsw:aﬂ%.nﬂn ey lithalogy, depth, and _ o - ) i ) e e
f_iﬂm— you bm.mm 2.“ BOme”. while your bit ig nesses, clse. That's why you get more information - informa-
me:.w mroum.. This continuous analysis of 4 tion you can rely on from Lianc-Wells Radiouctivity
mud and cuttin : .
reaches oil &S nozm. you when the bit THE GAS OOFFwE»PHOHw. Baroid’s most - + m LY Well Logging. Call your Lane-Wells man today,

or gas. This valuable log also recent development, makes the mud log m S -
easy to interpret. When used in conjunciion | : ———
with Baroid’s fully compensated filamcat, | + ] Tomsoionis Tl oy
your log is uniform and accurate. Take the | ® K - g
guess-work out of mud-log interpretation— § ]
BAROID DIVISION o ; . ° P : ?
A ON @ NATIONAL LEAD €O. specify Baroid mud-logging. K - LANE-WELLS
. O, 3ox 1675, Houtton 1, Texas AN
Pleass send ma your new Well \ogging Bullelin ol
4 COMPANY
N,
AME e wre__ § { m Lot
COMPANY. | LANEWELLS CANADIAN CO. IN CANADA
Y r PRYRO-TECR SERVICE C A IN VENTZUELA
ADDRESS. . :
| T A FOR INFORMATION WRITE
<y, ZOME___ STATE P. 0. BOK 1464, HOUSTON 1. TEXAS

P u>x0_.U DIVISION [ ] NATIONAL LEAD CO.
Main Office: P. 0. Box 1675, Houston 1, Texas
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HALLIBURTON'’S “‘TC"’ VALVE:

REVERSE CIRCULATION AND CLOSED-IN PRESSURE

.“:552 &ms._ci component of Halliburton's relieble testing
string, the “TC™ Valve is a two-way circulating and closed-in
pressure valve that provides flexibility and convenience in
formation testing,

CIP INDEPENDENT OF REVERSING
WITHOUY UNSEATING THE PACKER

Operated by rotation to the right, the valve may be run
anywhere above the testing tool, usually two to three joints. An
uncontaminated test sumple is then trapped between ‘the “TC”
Valve and the tester. At the completion of the test, the tubing is
,:“::v_w rotated to the right to get ¢losed-in-pressure and to reverse
circulate, Tested formation js protected from pump pressure while
reverse circulating,

FOR BEYTER DRILL STEM TESTING

The “TC" Valve is typical of the modery and effective tools and
techniques that make Halliburton best for your drill stem test.
Brought together to make the testing string appropriate for your
qé: application, Halliburton testing tools—and Halliburton test-
ing know-how —can furnish you with more accurate reservoir
information. To get formation testing data quickly and reliably
call your locul Halliburton tester today! '

HALLIBURTON

L OIL WELL CEMENTING COMPANY
TESTING SERVICE

DUNCAN, OKLAHOMA
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In a move to extend and broaden the range of our
services to cxplosives users, American Cyanamid
Company has purchased the plants, magazines and
gales facilities of Illinois Powder Manufacturing

American Company,

Bocause of these expanded facilities, it Is now

OV\QBQB_.Q m_xﬁsOm_.«\mm possible for Cyanamid to serve you better . .. faster

. -« with a wider range of dependable, quality explo-
sives, electric blasting caps and blasting accessories.

ZO«( mmﬁ ve «\OC Our sales representatives will welcome the oppor-
tunity to analyze and discuss your blasting problems,
Zoroas-lm T T CYANAMY D T
{i‘
AMERICAN CYANAMID COMPANY
l EXPLOSIVES DEPARTMENT
Q: 30 Rocketeller Plora, New York 20, N. Y
SALES OFFICES: ! PRODUCTS:
g k ‘ a}\.m ‘ Bestemsr, Aloboma Tula, Qklahomo High Explosives
Qﬂ. m - ‘ m . Denvar, Colorado Latrobe, Ponnsylvonia Permintibles
Kansos City, Missouri Potnville, Pennsylvania
St, Lovis, Missouri Scronton, Pennsylvonia .
Minovlo, Montana Dollas, Texas u_.o:so noc.
Albuquerque, New Mexico  Salt Lake City, Utoh Electric Blasting Caps

Seismograph Explosives

New York City, New York Bluefield, West Virginia *mos !
Biosting Accessories

Madisen, Wisconsin

ROAD . METAL COAL o
FONSTRUCTION  CQUARRYING MINING EXPLORATIONS
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d.—-m gz WELL, CAP'N UOHN, | SEE T AT

ROGERS IS SHIPPING QUT AGAIN.,

z-‘ﬂ' Om.—.m , I VENTURE THEVY/LL DISEMBARK,
°z ’—-’_ AT SOME REMOTE LOCAaALITY.

.

AYE, MATEY, BUT WHEREVER
THEY GET OFF YOU CAN E&T
THEY'RE READY FOR TOUGH

GCOING BOTH ABOVE AND UNDER
THE BLASTED GROUND.

¥ manned and completely
er Seismic (Reflection
, .ﬁﬁ:SoBaSn or Grav-
ds, Robere H, Ray Co. is pre-
> your explorations to any

ROBERT H, RAY CO.

2500 Bolsover Road ® Houston 5, Texas

ROBERT H. RAY ROBERT S, DUTY JR. JACK C. POLLARD NORMAN P, TEAGUE

ROGERS' CREWS GO EVERYWHERE




AERO METHODS cun advance

your exploration program

AEROG'S photo geologic studics and de-
tailed airborne magnetometer surveys are
speeding  reconnaissance for petroleum
geologists in many areas of the world,
Seasoned crews, with more than a million
miles of aerial exploration experience will
deliver dependabie data for you. Let our
staft meet with vou in the planning stage
of yvour next ?,E.E.p.

AERO SERVICE CORPORATION

Philadelphia 20, Pennsylvanig
Oldest Fiying Corporation in the World

\ AIRBORNE MAGNETOMETER SURVEYS
SCINTILLATION COUNTER SyRVEYS
PRECISE AERIAL MOSAICS

) GEOPHYSICAL INTERPRETATION
TOPOGRAPHIC mapS
PLANIMETRIC MAPS
RELIEF MODELS

For twenty-five years, SEI has specialized in sub-
surface studies of the domestic oil provinces . . . from
Canada to the Gulf, Numerous innovations in instru-
mentation, interpretation, and field »onr:._ncn. _.E<_n
kept SEl in the forefront. For example, in diffieult
areas, SEI has been a pioneer in the use of patterns
of multiple shot holes and geophone arrays.

Your exploration program is in capable hands at SEI.

TECHNIQUE

$SEISMIC EXPLORATIONS INCORPORATED

1017 SOUTM SHEPHERD e

Atea Offices:

Midiand, Texas © Shreveport, Louisiana ® Oklahama City, Oklahoma e §j

HOUSTON, TEXAS

ilirgs, Montana




zists, November, ) 987

nool The Ameriean Asno

PO b e ey Gt N o

. In ke tropics, in the aub crctie,
SEraecy Héanf.

neneoth
ocean, or wherever
w " .

your
when General Geophysica! Comn

ioh vou know that the pereentage for syccoss.
d w \’ ful exploration i in your faver. General’,
T continuing research has devidoped © bont,

most un-to-date  geophysical
This equipment {cemple

equ me

Ay portable highly
trained crews and twenty yoars of cxperience
are an unbeatable combination that enabloes

General 10 offer
in the fieid,

the finest geophysical service

General Crows Are Available
Any Place In The World

lm.“saauhhvy GEOPHYSICAL COMPANY

HOUSTOR SLUS BUNDING - HOUSTON, TEXAS

. oo new (ORE-G4M;

.

o SURHICE Logy

SIS ACLEN YA ANTOMG surey
A g

LAPARETTE NEW OHLEANS .

Bbuw,
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Eﬂ&.;‘ ,t_,ﬁnaw for
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® ECONOMICAL
® WATER RESISTANT
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« Delaware

The THOMPSON SHALE SHAKER
SAMPLE MACHINE offers the oper-
ator and geologist one of the best
methods available for obtaining
occurate foot-by-faat samples of
well cuttings.

This THOMPSON DOUBLE
VIBRATING SHALE SHAKER and
SAMPLE MACHINE is specially
engineered for off-shore barges or
islands, deep wells, or wells using
big volume and high pressure mud

SOLD ONLY
THROUGH
SUPPLY STORES

Bulletin of The American Association of Petroleur Geologists, November, 1
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DOUBLE VIBRATING
SHALE SHAKER...and

SAMPLE

MACHINE

e

" for accurate
samples of cuttings

pumps, It is available either plain
or galvanized, which makes it rust
ond deterioration-proof on off.
share or coostal duty.

THOMPSON Shakers are
famous for their highly efficient
service at any depth or flow and
for their economical first cost.

Make sure THOMPSON'S on
the job for accurate samples and
clean mud,

\\l
"TOOL CO.

JOWA FARK TEKAS

—
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IF YOU HIT A WILDCAT!

Stutistics now show that 13 out of eveey 14 wildeat wells are

dry -and only 1IN 421§ ACTUALLY COMMERCIAL! When
anly geological advice s used, 9,537 of the wells drilled are
producers—while 15.70% are successfa! when both sound geological
and geophysical counsel iv used,

Increase your chances for success by using the experienced field and

interpretative service of REPLBLIC EXPLORATION COMPANY.

A map of the U, S. shoing major gealagi.
cal featseres is noue gt gilable to you, Write:

Republie, Dept. 8., Bux 2208, Tulsa, Okla,

1 e
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« « » and REED offers a complete
coring service %o fit your coring needs

There is no substitule for the information good
cores can provide. With good cores, you can
accurately define the depth and thickness
of each formation. You can determine the
haredness, permeability, porosity and other
characteristics of every formation and you
can even estimate the slope under certain
conditions. You can analyse a promising
sample for the presence of oil or gas. By
studying the structure, you can foresee many
of the production problems that might be
encountered.

REE

NEW YORK LONDON

ROLLER BIT company < R,

HOUSTON 1, TEXAS

The precise information available from cores,
when used in conjunction with seismo-
graph surveys and other records, affords the
quickest possible way to map oil bearing
formations.
To get good cores, specify one of these
REED Core Borreis:
1. REED Kor-King for con-cntional type
coring.
2. REED "SK" for frangible formations.
3. REED "BR" Wirc Line !
or intermitcent coring in ¢

» continuous
formartions,

i

et

BUENOS AIRES e
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I "OBLEMS OF
. PETR ‘L EUM GEOLOGY

ey Powers Memorial Volume

A Sequel 1. “ructure of Typical American Qj] Field,

A compilatio:. .+ 43 bacrs prepared for this volyme by 47 authors
—_—

1,073 pp., 200 11y, Cloth. Price, postpaid: to members, $4.00;
to non-members, §5.00. Usual discounts to educationa] instity.

—_——

The American Association of Petroloum
\ Box 979 _ , , Tulsa 1, Oklahoms
|

tions,

Geologists

DIRECTO Y OF GEOLOGICAL MATERIAL IN
NORTH Ay ERICA
Necond Ldition 1957

A A HOWEL], AND AL L

. ———

e [N

sof (0
Weat Itidies.

D L T Wt

AMERICAN ﬁ?.:—k:-.:,..»—n _./.,J:H—H,C,—,E

2100 .x./,.';_‘_‘:.;_t_:,/. AVENUE, 5,.?[.-:.1.7.4.3.4 25, D.C,
NI (.

r from the Pistityge :
. .

FIFT!z 7 ANNIVERSARY VOLUME 1905-1955
ECONOMIC GEoLogy

- Thix b:v:.nm:.om. ompriscs 25 review Papers
wiologry Including ¢jm,. of oil and 828 accumulag
A acr:::om. mmcn_obiniw in ¢ i

vore deposirg

In two parts, 900107
on wide phascs of ccon..,
5..:3&(&% of limesron,..
mineral synthesis, coa) :

Price 1o m:vun:.ve; an.

S .....................&a.oc
Price 1o 740:.m:vmm:.vnf souraal e TtteeeellllllLLL. 8.00
ECON - e GEOLOGY PUBL SHING OO?:-)ZM\
M\ow N. * Resoureey wc—._&:n
roarn;. i

RRERE S LT

/f!!

—

The details of supeny

gt

A quarter century of

m&wQN.m@:Qmw means the finest

: ipment
blend of know-hoiw and equip

Obtat
exp
indus
acquived mo
you the pe
hest data poss
for a better jol,

z QOI
INDEPENDENT EXPLORATIO

Ai\‘l\\.m.\hkvqu N.Q\D)tnuﬁrp e s vl e.n\ Ho

SEPERIENCE

Texos
1973 West Gray, Houston, and
I Frederick’s Place, Old Jowry, London, £.C.2, Englal

or
MAN YEARS
YER 1.661

12 Rue Chabancis, Porls, France 0
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2= GEOLOGRAPH

NO:. .. National Rock Bit has been added t
the HAWTHORNE “BLUE DEMON" Line!

HAWTHORNE “pLyg DEMC -~
8ITS For ALL-FOPMATIO:
DRILLING

PILOT BLADES
tgr Soft Form

otions

LADES
FINGER 8 matio .
for Medivm fo

Down Time stands out
prominently on a
GEOLOGRAPH chart.
The finished charts pro-
vide a permanent, dupli-
cate record of tremendous
value. Use a GEOLO-
GRAPH RECORDER
the next time you drill or
have a well drilled for
you, it works for you
24 hours a day. Now
available with “TRIP
ACTION.”

Export Office, P. O, Box 1291
Oklahoma City 1, Okla.

133

£RT BLAD .
!o_hw:.in_i Formations
for

oy -

-l\»b *

X BITS
ROCK
NETYPE
conif

fnc., 1o now provide the mowt co
plete line of allsformation sei
4rilt bits avajlable 1o the industry,

KA

’

for Morder Formationy

The result of years of experivnce
in rock hit design and manufy
the Nutional Rack Bit 15 pow

o
P e gane
sizes. for more efficient hi
won drilling . .|y

per foot.

lower  cost

Consistently priced, where ever
You go, vou'll fing 4 Hawthorne
Bit availuble for every  drilling
requirement,

GEOLOGRAPH

MECHANICAL WELL LOGGING SERVICE

¢ OMA
: Do ks AReOMA CITY 1 DK E AMC

WRITE fom HLUSTRATED CATALCG

R

F.0. 800 1y,

TNVC.
HOUSTON 8, TEXAS « G Atdress; RAWRIT
Authorized “Blue p,

" Dealers iy every active exploration areq

i 'C8: Fairfield
Wichita Falls ILLINC:S: :
. . ton, Lubbock, Odessq, ! e
;x>m._%uw.uﬁmhwwwocn? Shreveport Ox_.>:o_s_>. _mb_,;..._,,w ity
WYOMING: o er CAUFORNIA: Bokersfield, Los Angeles KA™"1S: Ubera
“Mﬂd.bzr. m_vosm?a. Billings NEW me_aO"»MMS:.S
COLORADO: Grand Junction, Sterling ALBERTA: Edmon
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AVAILABLE PUBLICATIONS OF

The American Association
of Petroleum Geologists

¢ Daisy

Comprehensive Index of the Publications of the A.AP.G, 1917-1945. Compiled by v
(,.;:ﬂ.?.; Heath, (0; v 675 x 950 iuches, Cloth. To membors, $3.00 ... ,
de t Publications of the A.A.P.C., 1946-1985. b,::. piled by C":vz
M”zo”ﬂ_uumhwwu_mn“m;n”_ N McFarlaud, 362 pp., 6,75 x 9.50 inches, :c:__. Teo Boaennm.
u:.:mﬂ Indexes at on 1917.1955 at special price.
To members, $5.00 .. ..

Structure of ngnﬁ American Of) Fields. Vol. 111, McCoy Memorial Volwme, 24 papers,
Sl pp. 219 illus, Cloth. To members, 3350 . ..ottty

Appalachian unu:. Ordovician Symposium. From August, 1948, Bulletin, 264 pp. 72 illus,
6 x ¢ inches, Cloth, To members, $1.50 ... ..coiirniirii ittt iiiiniiaiar e eir i,

Possible Future Oil Provinces of the United States and Canada. d4th 1:::s. From
August, 1941, Hulletin . K3 tigs, 6 x 9 inches. Paper, To members, $1. PPN

Problems of Petreleum nao»en%. 24 printing. Originally E.E...:c; 1934, 43 ?::._:,: 1,073
pp. 200 itlus, 475 x ~o uches, Cleth, To :.o:.cm_.m. $4.00 . ...

Possible _.._:_:.o Petrrleum vnoi:nnu of North America. From .:.r:_..:‘.,,. 1031, Rulletin,
60 pp., 153 figs, 6 X 9 . Cloth, To members, $2.50 ... oo ivi i

Geological Cross Sectien of Paleozoic Rocks: Central Mississippi to Nerthern Michigan.
Prepared vnder ausprees of Geologic Names and Correlations Committee, § eross seclions,
vertieal seale 500 feet to the inch, 29 pp, of explanatory text, index, 8 x 10 inches, Press-
board, sections folded tn pocket. To members, $2.00 ...,

Miocene Stravigrapty of n.,::o_.in (1938). By Rohért M, Kleinpell, 450 pp., 14 figs, 22
pisa 18 tables. Ofser reprinted. 3,8 x &5 inchues, Clath, To members, $450 ........o.000000,

Stratigraphic Type Oil Fields :E:. 7 pupers. 902 pp.. M Ags,, 3 pls. Offset reprinted,
55 x %5 inches. Cloth, To members, $4.50 .............. o000,

Petroleum Geology of Southern Oklaioma. 24 articles. 402 pp., 1O figs., 6 pls., 27 tables,
6,75 x 9.5 iuches, Cloth, To Members, $5.00 .....vieiiiiiiieivnieiieriieriinierusirieersnnses,
Habitat of Oil. Edited by Lewis G Weeks, 1440 pp., cloth bound, 56 papers ot oil occur-
rence—20 on Nerth Mwerica: § en South America; 7 on Europe: § on Middle East; 4 ov
Far East; 2 topical papers on oil ogcurrence and migration, hydrocarbons, and basin
developruent; and an analysis by the Editor,

Pre-publication price (1o fan. 1, 195%), to members $8.00
Publication price after Jan, 1, 1938), to members $9.00

vﬁdn,::& of Typical American Oil E:am. f._ § 19290, ath printing. 510 pp.. 190 _:.:
3 x %52 inches, Cloth, To members $4.00 .
m:enER of Typical American O} Fields, ,:_ 1T (1929}, 4th printing. 750 pp.. 235 jllus.,
514 x 81 inches, Cloth. To members $5.00 .....

Geology of California (1933). By R. 1), Reod. 283 ppe S8 figs., 26 tables, Structural Evelu-
tion of Southern California (1936) :v‘ R. D, Reed and IS, :::7:;. 157 pp., 37 figs,, 14
vhotagraphs, Y-color tectonic map, Both offset reprinted, 2d printing, 4 x 874 inches.
Clothbound together, Available suon,

Pre-publicution price, to members $5.00
Publication price, to members 36,00

Western Canada Sedimentary Basin. Rutherford Memorial Volume. Edited by Lestie M,
M,w.ﬂ:_h::oﬂw :mc :._:.n;_ s _.z d w.:;:i Stratigraphy of Plains of Southern Alberta,
owlhing Memoria nlu 1o symposium, 4 papers, 166 1 print set
63) x 954 inches, Tlothbound together, ,):_:.;_r. su6n, pers " 0 2 printing, by offsct.
Pre- ::Z_ ation price, to members §5.00 . .
Publication price, to inembers $6.00 .

ch‘eon.x.w of Geological Material S,ze:_. America, by .V, Howell and A, 1. u.néo..#.:.
=d edition, revised and enlarged, Entries from all sfutes and possessions of the U,
pravinces of Canada, and Mexico and Central American countries, West Indies. .::w

volume has been t to the American Geolog g
Washington 235, D, from the Tastitute replonteal Tuntitute, 1o Conatitution Aves

13
HEEI

, athly publication.
w.:,,%%nnﬂ—_w.”mﬂ% m_.m_%v:,?:. U !0 pages of articles, maps, discussions, ‘ae.v“.,.ﬂ Annual
bers on 2_:?,,. ’ ¢ United States, $19.00)." Deseriptive price list of back num-

(Prices, postpaid. Write for discount to colleges and public Iibraries.)
THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS
EOX 979, TULSA 1, OKLAHOMA, U.S.A,

4,00

4.00
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smooth going
north of Peace River

These typical scenes depict National’s operations in
the “bush™ covered areas of northern Saskatchewan,
Alberta, and British Columbia. Operations proceed
along trails over rugged terrain frequently ‘covered
by thick muskegs.

With over 650 crew months’ experience in
Western Canada, National has intimate knowledge
of the problems and possesses the proved equipment
necessary to perform accurate and dependable
seismic surveys. Special Magnetic Recording Units,
48 Channel Recording Instruments, and Track
Mounted Mobile Equipment operated by quali-
fied personnel m.ake heretofore impossible areas
“smooth going.” ,

National parties have an equally thorough
knowledge of the Rocky Mountain, Midcontinent, and
Gulf Coast Areas. For best results, include National,
when planning your next exploration program.

NATIONAL GEOPHYSICAL COMPANY, INC.
8300 LEMMON AVENUE | DALLAS, TEXAS
HOUSTON ~« MIDLAND o DENVER o  SHREVEPORT

NATIONAL GEOPHYSICAL COMPANY OF CANADA, LTD.
CALGARY, ALBERTA, CANADA




BEFORE THE
OIL CONSERVATION COMMISSION
SANTA FE, NEW MEXICO

IN THE MATTER OF':

CASE NO. 1383

TRANSCRIPT OF PROCEEDINGS

FEBRUARY 26, 1958

DEARNLEY - MEIER & ASSOCIATES
INCORPORATED
GENERAL Law REFORTERS
ALBUQUERQUE. NEW MEXICO
3-6691 5-654¢6
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MARTIN E, DEHLINGER
Direct Examination by Mr. Christy.......... 3
Cross Examination by Mr. Nutter............ 14, 20, 25
Cross Examination by Mr, Statemts.......... 17
Cross Examination by Mr. Cooley............ 22, 27
Crogs Examination by Mr. Utz............... 29
Redirect Examination by Mr. Christy........ 30
Recross Examination by Mr. Utz............. 33

RAY CLARK

# Direct Examination by Mr. Christy.......... 35

Cross Examination by Mr. Cooley............ 48
Cross Examination by Mr. Utz............... 49
Cross Examination by Mr. Nutter............ 52
Redirect Examination by Mr. Christy........ 61, 65
Recross Examination by Mr. Nutter.......... 62

JOE M. PARSLEY
Direct Examination by Mr. Christy.......... ob
Cross Examination by Mr. Cooley............ g2
Redirect Examination by Mr. Christy........ 90, 94

Recross Examination by Mr. Cooley.......... 93
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BEFORE THE 5
OIL CONSERVATION COMMISSION §
February 26, 1958 :

IN THE MATTER OF: :

Application of Forest 0il Corporation for a dual
completion. Applicant, in the above-styled cause,
seeks an order authorizing the dual completion

of its State "A" No. 1 Well located 660 feet

from the North line and 660 feet from the East

e se

line of Section 26, Township 16 South, Range 33 : Case| No.
East, Lea County, New Mexico, in such a manner s
as to permit the production of oil from the : 138B

Wolfcamp formation adjacent to the Kemnitz Wolf-
camp Pool through the casing-tubing annulus,

and to permit the production of o0il from an une:
1 designated Pennsylivanian 0il pool through the
tubing. :
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Elvis A. Utz, Examiner

TRANSCRIPT OF HEARING

MR. UTZ: The hearing will come to order. please. The
next case on the Docket will be case 1383.

MR. COOLEY: Case 1383. Application of Forest
01l Corporation for a dual completion.

MR. CHRIS1Y: Sim Christy, of Hervey, Dow, and Hinkle
for the Applicant Forest. We have three witnesses. The first
one is Mr. Dehlinger. Will you stand and be sworn, please.

MR. UTZ: Will there be any other appearances in this

case?

MR. KELLAHIN:




BY: MR. CHRISTY:

éféﬁeﬁéhﬂ at ﬁhe>coh§lﬁsion on béﬂalf of'mnerada
MR. COOLEY: Any other statement or appearances of any
sort?
(Witness sworn.)
MARTIN E. DEHLINGER
called as a witness, having been first duly sworn, testilfied as
follows: |

DIRECT EXAMINATION

Q@ Would you please state your name, address,and occupation.

A My name is Martin E. ﬁehlinger, 3423 West Story Street,
Midland, Texas. I am a geologist for the Forest 0il Corporation,
Midland, Texas. |

Q@ Have you ever testified before this body?

A No, sir.

Q Mr. Dehlinger, what forms of higher learning do you
have, and what degrees do you have, and from what institutions?

A I have a bachelor of sciencedegree 1n geology, 1951,
Texas College of Mines and Metallurgy, have a master of arts
in geology, 1951 -- I didn't mean that, 1948, excuse me -- a
master of arts from’the University of Texas, 1951, and since
graduating from the University of Texas, I have worked for the
Humble 011 and Refining for about a year and a half, the Murphy

Corporation for a year and a half, Forest 01l Corporation about

two and a half years.




Q@ Is this work -- excuse me.

A And with all of those companies I have acted in the
capacity of geologist.

Q Have you ever testifled before any other regulatory
bodies? A No, sir.

Q The lands involved in this application are in Township
16 South, Range 33 East, NMPM Lea County, New Mexico. Are you
familliar with that general area and the geology in connection with
ic?

A Yes, sir, I am. I am the district geologlst for lLea
County for PForest 0il.

MR. CHRISTY: Does the Coﬁmission have any questions
concerning the witness' qualifications as a geologlist?
MR. UTZ: The witness is gualified:as an expert wltness.

Q (By Mr. Christy) Mr. Dehlinger, I hand you Applicant's
Exhibit 1 ﬁnd ask you if you will please identify it.

A Exhibit l is a structure map contoured on the top of
the Kemnitz lime which 1s a Wolfcamp lime, which produces in the
Kemnitz field.

Q Does Exhibit 1 reflect the other Wolfcamp wells in the
general vicinity of the subject well and show the names of the offsg
operators to the subject well? A Yes, sir.

€@ I believe your offset operators are Humble, Shell,

Tennessee Gas, Phillips, Cities Service, and Signal?

. A YeS, sir.

1t




"¢ Is that correct? A Yes, sir.
MR. CHRISTY: We have here walvers from all of the off-
set operators with the excepticn of Sinclair, who have been notifi
of this hearing. |

Q@ (Bby Mr. Christy) Now, returning to Exhibit 1, Mr.
Dehlinger, woul you please locate the subject well for us?

A The well in gquestion is the Forest 0il No. 1 State
"A" located 660 feet from the north and the east of Section 26, 16

Q@ Now, I notice just below the subject well, another well
circled in red. You have a figure'there. For example, subject
well's minus 8462. Would you explain that,please?

A The minus figure under the circled well is the datum
on top of the Kemnitz lime formation, the Kemnitz lime produces
in the Kemnitz field.

Q And this Kemnitz Wolfcamp production is one of the
productions encountered in the subject well?

A Yes, sir.

Q Now, from this contour on Exhibit 1, huave you arrived
at any conclusions as to whether or not thils is a continuous
fqrmation and pool in the wells shown and producing in the Wolf-
camp?

A The wells producing in the Kemnitz field seem to indica
that the Kemnitz lime pay is a continuous body, which is represent{
by the occurrence of a porosity in the Kemnitz lime. 1In othér wor

this map seems to suggest that the Kemnitz field is a stratigraphi
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“fleld, depending upon the presence or absence of boroéify;w

Q@ Is it similar to the Townsend?

A Yes, sir.

7 General vicinity of the east --

A Yes, sir. The Townsend field produces from an equivalient
zone in the Wolfcamp, and the west end of the Townsend field is
about four miles to the east of us.

Q Now, also Q}sed on this, have you arrived at any
conclusions as to whether or not in your opinion drainage is
eurring at the present time under the Wolfcamp in the subject
well?

A It is believed that we are being drained in the Forest
No. 1 "A" State in Section 26 by the Kemndtz field as a whole, and
spécifically by the Tennessee Gas No. 3 "B" State Kemmitz in
Section 25. |

Q All right sir, I will refer you to Applicant's Exhibit
2 and I will ask you if you will identify that instrument for us.

A Exhibit No. 2 is an isopach map of the net microlog por-
osity found in wells penebrating the Kemnitz lime porosity.

Q And of what benefit might this exhibit be to the Com-
mission in consideration of the application?

A This map, when compared with Exhibit 2, suggests and
bears out our statement that the Kemnitz field is less dependent

on structure than on presence of porosity for its production. In

other words, this 1s another in tz Wolfcamp |
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field 15 a stratigraphic field.

Q Is this a water drive fileld?

A No, sir. OQur infomation now indicates it 1s a gas
solution drive field. Only three wells in the Kemnitz field
proper, and T will quote the wells; the Tennessee Gas No. 1,
State-Phillips, in the southeast corner of Section 25, 16, 33;
the Tennessee (Gas No. 5 ”A“,’ State-Kemnitz, in Section 30, 16,

34, and the Shell No. 1 'W¢" State, in the South Half of Section
29, 16, 34, only those wells had indications of water in the
Kemnitz zone.

Now, you will notice on this exhibit there are two figures
under each of those wells. The top figure, and I specifically
refer again to the Tennessee Gas No. 1, State-Phillips, you have
78 feet there, that indicates you have 78 feet of net microlog
porosity in that well, but there is a figure under there, a figure

42 feet, that indicates only 42 feet of the available porosity

was above the field water table. The field water table 1s estimated

to be at a minus 6870.

Q@ Now, the figures then shown below each of the wells
circled in red here on Exhibit 2 represent the net vfee‘t of porosit
as distinguished necessarily from pay? |

A Yes, sir, specifically in the three wells previously
mentioned. However, in the remainder of the wells in the Kemnitz
proper, the net microlog porosity is tantamount to being the net

pay. Of course, this net pay varies in guality of the porosity

y
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" |as well as in quantity.

Q@ Now, I refer you to Applicant's Exhibit 3 and ask
you 1f you will identify.it, sir. |

_A Exhibiﬁ No. 3 is a structure map contoured on top of
the Seaman lime, which is a Pennsylvanian lime and which 1s found
in all of the wells that have been drilled in the Kemnitz field
proper and in several of the other wells in the area.

Q What benefit might Applicaht's Exhlbit 3 be in the
consideration of this application, what does it purport to demonstqate?

A This structure map also strongly suggests that the Sea-
man lime pay is of a stratigraphic type accumulation. I specifically
refer to three wells, the Sinclair No. 1 Seaman unit, whilch is
located in the southeast corner, Section 13, 16, 33; the Forest
1 “A" State, Section 26, and the Penrose No. 1 TGP "C" State in
the southeast corner of Section 34. All of those three wells
are circled in red on‘the exhibit.

Now, if you will compare the datums on top of the Seaman
lime as marked below the well, you will notice that the Porest
well is approximately 245 feet low to the No. 1 Seaman unit, and
the Forest well in turn is approximately 180 feet high to the
Penrose well. These zones appear tn be stratigraphically equivalent,.
but they are definitely not structurally equivalent, suggesting thit
2 stratigraphic trap has been penetrated by each of the wells.

Q Is there any indication of communication between the

8tratigraphic traps encountered in the three wells you mentioned?




whereas our well, the Forest 1 "“A" State in Section 26 seemed

has a very massive dense core, the sides of which project these

A No, sir. There seems to be evidence to the contrary
because of the well characteristics. For example, the Penrose
well in Section 34 in the Seaman zone has extremely high pressures|

and they potentialled the well for an extremely high potential,

to have abnormally low pressures as demonstrated by the original
drill stem test in the equivalent zones, and-our well doeg not
seem to have the capacity of the Penrose well.

Q@ Geologically speaking, does this present an unusual
situation, the Seaman zone in this area?

A The Seaman zone in this area seems to be rather unique
in its erratic nature, and what at this moment séems to be a dis-
continuous nature also.

Q Havé you ever encountered this unusual type situation
before, or have you made studies in connection with such a situatid
as this?

A I cannot personally cite any other field that appears
to have this exact same occurrenée, but a professional bulletin,
the bulletin of the American Association of Petroleum Geologists,
Volume 14, No. 11, has an article which seems to be applicable
to this instance, and the article is on the Mississippian bioherms
of Northeast Oklahoma. That article seems to set forth a condition
a sedimentary condition very much like we find in our area in that

you have a porosity developed along the flanks of a reef which
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dense fingers of the reef, and intercalated between these fingers |

you have porous zones developed, which are not particularly c¢on-

tiruous vertically or horizontally.

Now, the massive reef core would, of this reef, would
be more or less represented by the Line A-B on Exhibit 3. The
Line A-B nmore or less represents the axgs.:. of the main, the long
axgs of the main reef core, and the short axgs represented by the
Line C-D.

Now, you'll find that the porosity developments which are
associated with this reef seem to be very discontinuous and on the
flanks of it. |

Q Now, what are the primary problems that you encounter
in this unusual type of situation?

A The ablility to predict the absence or presence of pcrosj
which is the governing feature of this type of reservoir.

Q Can't you predict that geologically or geophysically?

A There seems to be no way to geologically or geophysicall
predict porosity in that, except drilling‘for it.

Q And thése are small isolated traps, as I understand you,
along the flanks of the fingers which you mentioned?

A Yes, sir.

Q@ These four producing wells on Exhibit 37

A Yes, sir.

Q@ Now, are yocu familiar with the other wells drilled in

the general vicinity of the subject well?

ty,

y




A Yes, sir.

§ Do you have any logs trom any of the other wells in
the general vicinity?

A We have logs, electrical logs on the Sinclair No. 1
Seaman, S3Section 13, the Forest 1 “A" State, Section 26, the Penrocs
Section 34, the Tennessee 1 "B" State-Kemnitz, Section 25, the
Ténnessee 1 State-Phillips in the southeast of 25, and a log
on the Pure No. 1 State “E" in 16 South, 35 East, Section 21.

Q Now, do the logs reveal any data which might be of as-
sistance to us in consideration of this application?

A The lcgs seem to indicate that you have a thinning and
thickening ¢f the Pennsylvanian section in which thé Seaman lime 1
found, and you also have a thickening and thinning presence, or
absence of porosity in the Seaman lime. The last feature is
specifically demonstrated comparing the Forest 1 "A" State with
the, in Section 26, with the Tennessee 1 "B’ State-Kemnitz in
Section 25. The micrologs indicate that the Forest 1 "A” State ha
about 52 feet of net microlog pay or porosity in the Seaman lime,
whereas the Tennessee 1 "B” State-Kemnitz in Section 25 had no
porosity in that zone. That is the net microlog porosity. The
values are not under the subsea datums of the subject well.

© In which exhibit, sir?

A In Exhibit 3.

3 Now, on these electric logs of the wells that you have

mentioned, wes any water found. in the.
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" any of the wells?

A No water has been found in the Seaman lime zone in the
producing wells, or the wells drilled to the Seaman zone in the
Kemnitz fileld proper.

Q@ Now, as I understand Applicant's Exhibit 3, the Seaman,
the Forest, the Penrose, and the Pure are Pennsylvanian prbduners
the Seaman formation? A Yes, sir.

Q@ And the other three -- the other two, Tennessee 1 "“B"
and Tennessee 1 Phillips are not producing in that formation, but
were drilled to it? A Yes, s8ir, they were.

Q Now, s8ir, is there any other Seaman production in that
area?

A The Pure No. 1 "E" State is the only other Seaman
lime production in the area.

Q Now, were any other Seaman wells drilled other than
those which you have mentioned and the logs that you have?

A There have been about twenty wells that have penetrated
this sectioﬁ in the immediate area. I am taking in, say five
miles in any direction from the Seaman No. 1 or the Sinciair No.
1 Seamarn unit in Section 13.

Q Those are the ones indicated in Applicant's Exhibit
3 in green or red? A Yes, sir.

Q@ All right, sir. Do you have any, or have you formed
an opinion as to why these other Seaman tests did not produce?

A The wells that penetrated the Seamanvzone but were not

12
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connection with the application?

cépabléqof ﬁf%&ﬁéﬁion found either the section was missing or E
|
there was no porosity development in the Seaman lime, and it appean

that the Seaman lime is reasonably weil distributed over the area,!

;
1

but the porosity is very seldomly developed.

Q Were Applicant's Exhibits 1, 2, and 3 prepared by you
or under your supervision? A They were.

Q As a geologist, can you think of any other matter which

you feel should be brought to the attention of the Examiner in

A No, sir, I cannot.
MR, CHRISTY: We would iike to, at this time, offer
in evidence Applicant's Exhibits 1, 2, 3, and 3-A through 3-E
inclusive.
MR. UTZ: 1Is there objection to the entrance of the
Applicant's Exhibits as stated? 1f there are no objections, they
willl be entered.

MR. CHRISTY: We have no other questions of this witness.

(2

We will attempt to develop the productidn problems, the mechanics

of it from other witnesses. This is all we have on the geological

portion.

MR, UTZ: Are both your other witnesses engineering
wNitnesses?

MR, CHRISTY: They are. Production engineer and reserv?ir
engineer.

~ MR. UTZ: Are there any questions of Mr. Dehlinger? .| .




MER. NUTTER: 1 have some questions.
MR. UTZ: Mr. Nutter.

CROSS EXAMINATION

BY: MR. NUTTER:

Q@ Mr. Dehlinger, you have frequently in your tes?imony
referred to the Kemnitz zone and the Seaman zone. What is the
Kemnitz zone more commonly called in this pool?

A The Kemnitz Wolfcamp, I think, is the field designation

Q That 1s the zone that 1s producing from the pool design*ted

by the Commission as the Kemnitz Wolfcamp pool?

A Yes, sir.

Q Now, this Seaman zone that you have referred to, what
is that more commonly called?

A 1 think the Commission has called the Seaman zone in
the discovery well, the Sinclair No. 1 Seaman unit in Section

13, the Kemnitz Pennsylvanian.

Q Thank you. I just wanted to clarify that for the recorq.

A Yes, sir.

Q Mr. Dehllinger, you have mentioned the Townsend Wolfcamp
pool in your testimony, and that this was a similar type of
structure, you felt? A Yes, sir.

Q Do you think that the producing characteristics of the
Wolfcamp zone in this pool would be similar to the Wolfcemp produc-
ing characteristices in the Townsend pool?

A Yes, slr, it appears that the conditions of accumulation

14
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' Wépré ThHeé same, and they seem to be statrigraphlicaliy equivalent, a

hd
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the reservoir types are basically the same, and the well performances

seem to be of the same type as found in the Townserd.
Q As I recall, at the hearing which was held in May,
1957, to establish 80-ucre spacing for the Kemnitz Wolfcamp pool,

various geoclogists and engineers compared the two pools and stated

that they believed they were equivalent in many respects. You

don't have any quarrel with that evidence or testimony, do you?

A No, sir.

Q You concur with 1t?

A Yes, sir.

Q Do you have any knowledge as to what the gas-oil ratios
are in the Townsend wélfcamp podl?

A No, sir, but I understand they are high.

Q I hand you the Commission‘'s proration schedule for
February, 1958, on Page 98, on which starts the listing of the
wells in the Townsend Wolfcamp pool, and on the right hand side
of the 1listings for each well are litsted the gas-01l ratios as
reported by the Commission. Are those gas-olil ratios high,‘inter;
mediate, or low as far as the average o0ll pool 18 concerned?

A I would say they are intermediate. They are definitely
not low.

Q Are there a number of wells in that pool that have
penalized allowables as a result of high gas-oil ratios?

A in the Townsend?




from the Seaman zone. Also, the Pure 1 "E" State, Section 21,

16
- Q Yes, sir.

A Yes, sir, there are.

Q You stated that you thought tihils was a gas solution
drive fleld? _ A Yes, sir.

Q@ Do you think that -- First, I'll ask you this, has any
well which has been completed in fhe Pennsylvanian zone ir. this
pool beun offset by another well drilled to that same formation,
completed in that same formation?

A The Sinclair No. 2 Seaman unit in Section 29, 16, 34
was drilled, and' the southeast diagonal offset to the No. 1
Seaman unit was drilled as an offset to the Sinclair No. 1 Seaman,

and it unfortunately did not, or could not be completed commerciallly

16, 34, was offset to the west by the Tennessee No. 2 State "B"
which apparently, according to my correlations, is producing
from a zone not equivalent to the 1 "E" State. It seems to be
from a lime stringer above what we would call the Seaman zone.

In the Seaman zone, the Tennessee well had approximately
three feet of net microlog pay, and so they had to blug back up
and complete it from this other zone, which appears to be very
close. to the absolute top of the Pennsylvanian. .

The Pure No. 2 State "E” in the South Half of Section 21
was also drilled to the Seaman zone, the one producing Pure well,

but 1t found no porosity and consequently was plugged back and

made a Wolfcamp well, =~
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Q So to date, no well which is producing from the
Pennsylvanian has been offset by another producer in that zone?

A No, sir.

Q@ And you stated that :in your opinion there was no
communication among any of the four wells which have been com-
pleted in the Pennsylvanian, didn‘t you?

A Yes, sir.

MR. NUPTER: I believe that's all, thank you.
MR. UTZ: Anyone else have aqestion.: of the wltness?
MR. STAMETS: I havesome.

QUESTIONS BY MR. STAMETS:

@ Mr. Dehlinger, can you divide this area into a battery,
this reef structure?’

A It is a very nebulose thing. It is difficult to do.
I would sayrthat to the northwest of the Sinclair No. 1 Seaman
unit 1s a battery for lagoonal sedimentary environment. The
Phillips Well in Section 13, 16, 33, and the Skelly Well in
Section 12 both seem to be lacking the lime development in the
Seaman zone.

Q Did I understand you correctly to say that the Seaman
lime was locally missing? - Is that the entire section there, or
Just the lime?

A Either the lime or the porosity. More specifically,
the porosity 1s missing locally. You can carry the Seaman lime,

or_;ts eguivalent reasonably widely. You can find it over in the
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Townsend aféa, buéw;;§, Qsﬁrég;‘téké;nE;£.£;;téﬁéé; thé pféQi;ﬁsly
mentioned Skelly and Phillips weli, and they seem to be in an
area where something happened to the Seaman lime.

Q Is that a battery area that you would expect some

sand in the reef.

A Not specifically sand, I don't think, but if you will
compare the Tennessee gas No. 1 State-Phillips in Section 25 to
the Tennessee Gas No. 1 "B" State-Kemnitz in the north half of
Section 25, you will see that the Seaman lime unit in the 1 "B"
Kemnitz, the northern most wéil there had no porosity, but that
in the No. 1 State-Phillips, the lime had turned to shale, or it
seems to be shaling up. Although we don't have a log here
to represent it, I think thbe Humble well in Section 1, 16, 33,
seems to have an unusual amount of sand or sandy shale in the
Pennsylvanian section.

Q Just one more question. What are your other types of
sediment which don't seem to have any porosity material?

A I don't think I really un¢erstand your question.

Q In the main reef area, I think it is safe to assume
that these wells weren't completed in the lime stone because
the 1ime stone had poor porosity, but these wells, say in Section
2 and Section 3 of 16, 33, which penetrated that zone and weren't
completed in that zone, what type of sediment do they have?

A They had a lime equivalent, but it appears the porosity
was absent in these wells, specifically the Humble 1 "AQ" State |

DEARNLEY
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there in Section 3, and a Humble well not shown on this pilat,
but over in Section 4, the southeast corner of Section 4, both
wells were complefted as Pennsylvanian producers from zones

which roughly speaking are equivalance of the Townsend, but they
had a, they viere completed apparently as gas wells, but they
produced -- As I understand it, the 1 "AQ" produced eight thousand
barrels of oil total, and that was it, and the Humble well in
Section 4 was completed, or potential flowing for somewhat over
five hundred barrels per dqy3 and by the time that the White
Eagle well in Section 10, before it could get down, why 1ts
diagonal northwest offset had been depleted and plugged, and

the white Eagle well completely missed the porosity also.

Q These three wells on the west side of the reef, or
what would séem to be.the west side of the reef, seem to form
rather a straight line through there. It is reasonable to assume
that one could get a producing well in that zone interspersed
between these wells?

A The question>there comes in of the structural relation
of the wells. 1In other words, the great variation in the datums,
like the Forest well in Section 26 is about 200 feet low to the
Seaman well. It is hard to imagine that that would be one
particular and continuous reservoir without having gotten some
water, and the differenée between the Sinclair well in Section 13

and the Penrose well in Section 34 is 327 feet of difference, sub

o Ly P

sea difference, and 1t is hard to imagine that such a small |




reservolr could be continuous, or such a thin reservoir. The
Seaman lime various in thickness from 75 to 150 feet in the area,
and 1t is hard to imagine hhat:that could be one continuous re-
servoir without having some water, so that you then think that
you have a series of poéosity developments ranged in sort of a
stair-step manner, and that each time you begin to look for a
reservoir in the Seaman lime, why you are looking for a brand
new reservoir for all practical purposes. That seems to be
indicated over here by the Pure Well in Section 21, 16, .34.

Q Well still; it seems you could call it a zone. There
is a fairly decent zone there. T don't think Forest 0il would
be opposed to findihg oil --

A But the question is, would you drill to it. Now,
like we are drilling on our No. 2 State "A" there on Section 26
now, and we just don't feel that in view of the present productior
statistics of these Pennsylvanian wells, specifically the Penr-
rose down there in Section 34, that well was potentialled flowing
for fourteen hundred and some odd barreis, I think, that may not
be an exact figure, but new it is dead. It is completely dead,
in less than four months. That thing has gune from fourteen
hundred barrels to virtually nothing.

MR. STAMETS: That's all.

QUESTIONS BY MR. NUTTER:

Q What is the cause of that? Wouldn't it make anything

with the pump?

20




A No, siy, tney don't have a pump, but 1 think they
originally acidizea it with five hundred gallons of mud acid,
and then they potentialled it.About a month later they acldized
it with ten thousand gallons, and they could get: only about twenty
or twenty-five barrels a day out of it, and then it completely
died, and as of yesterday, I think they went in and were going
to frac it, and we haven't heard anything after that.

Q@ They are going to attempt to make a flowing well out
of it?

A They are trying to get something, yes, sir, and the
indications seem to be that this well, the Penrose well, 1is |
similar to the Humble wells up there in Sections 3 and 4 in that
you had a very limited reservoir, which was under high pressure,
and you got the flush production right fast, and that's 1it.

Q@ Do you think the same thing will hold true of your
State No. 1 in Section 267

A The indications are that that is happening, because
we potentialled the Pennsylvanian with, let's see, for three
hundred and fifty-six barrels a day, and with a tubihg pressure
of, flowing tubing pressure of eight hundred pounds, and as of
the last time I heard, which was yesterday, they had produced
two hundred and seven barrels of oil per day, and the flowing
pressure was down to three hundred and seventy-five pounds. 1In
other words, 1t seems to be losing 1its get up and go. The same

productive character in particular, seems to apply to the Pure 1
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"E" State over there in Sectioﬁ”éllﬂ>i?>i«éﬁ‘n6£‘misfékeﬁ;méﬁéy R

completed that well for sixteen hundred barrels or something
a o‘.ay’, and they say now that the pressures are way down,

1 Q How did the initial pressure in your well compare
with the initial pressure in the other three wells in tne
Pennsylvanian?

A We‘were abnormally low in comparison to the Penrose
well in Section 34. 1 thini our initial shutin pressure on the
drill stem test of the Seaman zone in the Forest 1 "A" State was
about thirty four hundred pounds, or would you let me gét some
more information?

Q Yes, sir.

MR. CHRISTY: We will try and develon ¢ number of
these things with the other witnesses as we go along, Mr. Nutter.

A Could I get him to answer the question on the initilal
shutin pressure?

MR. NUTTER: We will defer these questions regarding
initial potentials and pressures.

MR. -CHRISTY: We have another witness to testify as to
that. As I said, this 1s purely for the geologlecally --

' MR. NUTTER: I withdraw the question.

MR. UTZ: 1Is there any cother questions of the witness?

MR. COOLEY: One question.

MR. UTZ: Mr.Cooley.

QUESTIONS BY MR. COOLEY:
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o Mr,‘ﬁgéliné%r, how doéﬁlthéwéeologymcompére between
you Foresi o A Well and the Tennessee Gis B well in the
KRorth Hulf of Section 25 in tine Welfcamp formation?

A In the Wolfcamp we are only slightly low to the Tenness
well, but we seem to have less than half of the net microlog poros
It seems to be a characteristic of the Kemnitz field that you have
three zones of porosity; and the relation between the Tennessee
and our well is that we seem to have lost the bottom porosity =zone
It is pinched out some place between the Tennessee 3 "B" in
Section 25, and our 1 "A" State in 26.

Q What correlations would you say are missing in the well
which zones are referred to in Case 1253, Order R-1011, Special
Rules and Regulations for the Kemnitz Wolfcamp Pool? \Aﬁe you awar
that Rule 4 of those rules provides, and I quote, "That no well sh
be ¢opened to any othér zone of the wOifcamp formation simultaneous
with production zone in the lower portioﬁ of the formation from
wnich the Tennessee Gas Transmission Company, State "AA" Kemnitz
No. 1 “A" Well is presently producing until it has been establishe
after notice and hearing, that the same can be accomplished withou
causing underground waste.”’ It prohibits production from the
zone from which the Tennessee Gas Transmission State “AA"Kemnitz
No. 1 Well.

A It is in Section 30, is it not?

Q Yes, sir. A 156, 34.

Q_ Now, let's compare it with that zone to which the Order
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" question, we did not have the upper Wolfcamp zone in the 1 "A"

‘State.

24

refers. Is that productive zone missing in your Forest State
"A" 17

A As I understand it, that rule was specifically aimed
at the upper Wolfcamp porosity, was it not? 1t was to prohibit
simultaneous .production from those zones, from the upper and
the lower?

| ¢ It was, yes, sir.

A The rule there separates the zone about six hundred

feet above the zone from which we are producing. In other words,

what I would call an upper Wolfcamp from the lower Wolfcamp, whicl

I consdder the Kemnitz field to be producing, but to answer your

We dropped a core barrel in there and tried to find it,
but we were unable to.

Q@ You do have the lower zone,. which is considered the
most proliferant, and which was referred to in Order 1011, which
I Just quoted? A Yes, sir.

Q And all of your production would come from that lower
zone? |

A Yés, sir, what is generally considered to be the Kemni
field pay.

Q Well, 1t is identified by the Order as that zone from
which the State "AA" Kemnitz "A" No. 1 well is presently producing
A Yes, |

sir.

Q@ Top of perforations on that well are at ten thousand

l

2

.
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seven hundred forty-two feet?

A Yes, sir. The top of our perforations are approximately
ten elght.

Q And would not encompass any of the other and less
proliferant stringers which were intentionally excluded from this
Order? |

A No, sir, it would not. Maybe I misled you when I said
three zones.

Q Well, there was a number of zones referred to at that

hearing, and everyone agreed upon, understood the significant zon%s

in the Kemnitz “A" 1 well to be the most proliferant zones.
A Yes, sir.
Q@ And there was some fear at that time that opening
both zones simultaneously would cause waste,
A Yes, sir. |

Thus simultaneous opening was prohiblted.

Q

A Yes, sir.
Q@ But you wduld npt have thls problem in your case?
A

No, sir, we do not have that.

o

Since the upper and most proliferant zones are completely
absent? A Yes, sir.
MR. COOLEY: That's all.
QQESTIONS BY MR. NUTTER:
Q Now, Mr. Dehlinger, State No. 3 offsetting your well

there to the east, is it open in the main Kemnitz zone?
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A Yes, sir. Ves, sir.

Q However, it has a certain section of this lower Kemnitiz

zone which you don't have in your well?

A Yes, s3ir. Roughly speaking, they have a zone with a
gross, let's say,a gross pay of a hundred feet, and thelr fifty-
seven feet of net microlog porosity is distributed over that
hundred feet in roughly three better porosity zones, whereas in
an equivalent gross of a hundred feet in our well, we have twenty-

four feet of net microlog porosity in basically two zones,

Q Do these two 2zones with porosity in your well: correlate

with any of the zones in their wells?

A Yes, sir, it does, the upper west and lower zone,
separated from each other by a hard spot about, oh, it must be,
let's see if we can look at the log here. Do we have a Forest
log? That would be equivalent to this hard spot there.

Q@ You are referring to an interval about what depth, Mr.
Deéh linger?

A Prom ten seven eighty-four to eighty-eight would be
the hard spot separating the two zones of porosity that are
present in the Forest well. Unfortunately, I didn't bring
the one on the 3 “B" State. |

Q What are these intervals in black as depicted on this
log?

A The intervals in black shown on the microlog of the

Forest well depicts the distribution of porosity as found by the
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measurements of the log.

Q@ Is that an exhibit? A Yes, sir.

Q@ On this log which as been identified as Exhibit No.
3-C, there are depicted s3ix areas of microlog porosity, 1s that
correct, Mr. Dehlinger? ' A Yes, sir.

Q@ Now, which of these areas -~- You are acquainted
with the log of the Tennessee 3 well to the east?

A Yes, sir.

Q‘ Which of these microlog porosities depicted on your

Exhibit 3-C are present in the log of the Tennessee Gas Transmiss]

Company's State “B" 3 well offsetting yours to the east?

A The upper most zone would be equivalent to Tennessee,
70684, and then roughly you have a hard spot, or tight dense
zone, and then you have the second zone which would pick up then
at 10788, and then continue down to 107 -- I can't see. that,
10802. Those would be equivalent, or the two top porosity zones
in the Tennessee Gas No. 3 "D" State-Kemnitz.

MR. NUTTER: I think that's all, thank you.

QUESTIONS BY MR. COOLEY:

Q Hr.bDéhlinger, how does the geology on your Forest
State "A" No. 1 well compare with the geology on the average
of the wells throughout the Kemnitz Wolfcamp pool proper? The

quality of the wells.

A The Forest No. 1 State "A" appears to be about average|

both reservoir -wise, and its relation to the major sedimentary
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conditions forming the reservoir. In cother words, its neither

high nor low particularly, and it has about what the average

net porosity -~- Well, I think the average net M1crolog porosity
in the Kemnlitz field would be considered at about thirty-four
feet. That 1s Jﬁst strictly a mathematical average, and we

have twenty-four feet. There are wells that have less net microld
porosity than we have, and then there are wells that have considej
more.

Q@ If that were the only producing formation present in
the area, knowing the geology beilng what it is, would you advise
that 1t be drilled to that formation? |

A Yes, sir.

Q@ Ir you could undrill that well and know what was
there, would you advise them to drill it~?

. A I think I would move it.

Q@ No, sir, I mean --

{A It didn't come in like we had it drawn originally, put
it that way.

Q It wasn't quite as good as you anticipéted it?

A No, sir.

Q@ 1Is i1t still a commercial well in the Wolfcamp?

A Yes, sir,

Q@ The Tennessee (Gas Transmission Company's State "B well
No. 3 offsetting your well to the east is a Sinclair completion

in the Wolfcamp formation, is it not? = A Yes, sir.

28
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A_Pennsylvanian?

MR. COOLEY: That's all the questions I have, thank
you.
QUESTIONS BY MR. UTZ:
Q Mr. Dehlinger, you application stated that you were
to complete the well in the Wolfcamp from 10,674 to 10,816. That
142 fcet, is that whole interval perforated?
A No, sir, it is not.
Q@ Can you say what interval it is perforated --
MR. CHRISTY: We will develop that, Mr. Utz, with the
next witness.

MR. UTZ: All right, sir.

Q (By Mr. Utz) Mr. Dehlinger, was this zone, the Wolfcaan

zone cored?

A No, sir, unfortunately we missed the porosity. We got
the core barrel in the tight zone below it.

Q With reference to the Pennsylvanian or Seaman lime, you
also stated that it was 11,547 to 11,450, 97 -- I presume you
would like to defer that questionras to perforations to an
engineering witness? A Yes, sir, please.

Q@ Was that zone cored?

A All but the zone represented by your upper five feet
of perforaﬁions there. Alli of it was cored.

Q When you--you may want to defer this gues%ion--when you

rejected this well, was it your intention to drill to the
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the lasi witness, Mr. Utz, he will be glad to answer it.

MR. CHRISTY: I would like to ask one more question.
Everyone else has had & turn.
MR. UTZ: All right, sir.
REDIRECT EXAMINATION
BY: MR. CHRISTY:

Q Mr. Dehlinger, referring again to Applicant's Exhibit
3, would you give us a little more detail on this A-B line and
C-D Line and what it represents in this fingering that you
spoke about, and you might make rererence to the article which
you previously mentioned. I am a little unclear on your mass
core.

A The Lines A-B and C-D on Exhibit 3 are roughly the
ax4s of what we consider to be a massive tight reef in this
area. In other words, where you do not‘have porosity, and in
reference to the article in the AAPG Bulletin, there on Page
2535, they have what looks like -- it is a picture of a reef
found on the surface, which shows a very massive and undoubtedly
dense reef mass, and on the flanks of the thing you seem:to have
a development of poroéity along the flanks of it. These local
porosity developments are made up basically of a reef detrital,

as in our case. Even in our case, while it is of a different

MR. CHRISTY: 1 would like to defer that question to |

MR. UTZ: 1Is there any other questions of the witness?

__geological age, why it is similar to the fype of detrital that is
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indicated here on Page 2534. It seems to be a mass of brokin up -
organisms which have been, probably were gfowing on the main

reef', but lay activity broke it off and then probably distributed

it in the low areas apround the rim of the maln massive tight reef
core, and some of these other pictures 1n here give you about the§
Same idea, and you can see that where you would have the massive
tongues coming out and probably separating the zones which in our |
particular c;ee refer to the porous zones, and so that there is
probably no connection between these zones vertically and probably
very little connection horizontally because the horizontal dis-
tribution of the reef detrits® would depend on the very irregular
ocean bottom probably either in the back reef or the fore reef
zones, and id this back reef-fore reef zone, it is a pretty hard
guestion to answer.

Q@ As I understand you, thls mass core shown on Figure
7 of the article 1s represented by your A-R Line ©nh Applicant's
Exhibit 37 A Yes, sir.

Q And your entire thickness of the core is shown by your

C-D Line, the hung, is that the word, hung?

A Bloherms

Q@ That is shown on C-D? A Yes.

Q@ Showing that is the width? A The width?
Q Yes.‘ A Yes,

Q@ Now, there is a little arrow down here on ¥igure 7 of

__the article. Is that where you would obtain production as




distinguished from the center mass core?

,VA Yes, sir. If you were applying our present situation
here to the theory of this thing, why it would be equivalent
to having the Tennessee Gas No. 1 State "B" in Section 25 drilled?
at the crest of the massive reef core, sc that you had no porosité
developed in the reef, but if you moved down dip slightly in what%
is our Forest 1 "A" State relation, you would penetrate a finger
of tight reef rock and then you probably would go into, or bossibiy
g0 into a local detrital accumulation where you had the porosity
developed, and also the massive reef finger has supplied a trap
to the top of the accumulation, so that you have all of the !
necessary requirements for an oil field.of  whatever size when
it looks like 1t 1s limited. |

Q@ If I put my hand on Exhibit 3 and cup it over toward

the southeast and spread my fingers a little, 1t 1is in this area
between the fingers that you would obtain the production, wouldn't
you? A No,,sir..

Q You would obtain it to the side of these fingers?

A Yes, sir.

Q And between the two there would be a hard mass?

A Probably not only between the twoc, but above and below.
Q Vertically as well as horizontally?

A Yes, sir. .

MR. NUTTER:: Which direction is your finger pointed?

MR. CHRISTY: Southeast.
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'~ MR. NUTTER: Or southwest?

MR. CHRISTY: Southwest. I have no further questions.

ME. COOLEY: Before we proceed, Mr. Dehliinger, d4:d youg
properly identify this bulletin at the outset. Did you give the i
full identification of this publication?
A I think I did. I gave the name and the vclume and the
issue.
MR. CHRISTY: Yes, he gave 1t all, the name and so on.
We would like to offer in evidence the bulletin, and request
permission to’have it back when the case has been concluded. We
would like to have it available to the Commission if they would
like to look at it.
MR. UT2: I have one more question.
RECROSS EXAMINATION
BY: MR. UTZ:
Q With reference to the Pennsylvanian completion on your
Forest State A" 1, can you say how much microlog pay you had in
that zone?
A In the Pennsylvanian?
R Yes, sir.
A We had fifty-two feet of net microlog porosity. May
I -~ Yes, fifty-two feet.
& That's about twice as much as you had in the Wolifcamp,
isn't it?

A _Yes,

e et e e e

33




H
1
3

microlog porosity, but from the core analysis of themﬁéhnsyivaniégr

i

cores, the effective porosity 1is low, the permeablility of the core

is extremely low, and the residual oil saturation was low, very
low, so that if you were left with a question of whether to com-
plete this well or not strictly on the basis of the core analysis,
I think we would have gone off and left it. I mean, just con-
sidering the Pennsylvanian and on our drill stem test to the 2zone,
we didn't have nearly the spectacular results that the Penrose
well in Section 34 had, or the Pure Well in Section 21, or even
for that matter, the Sinclair well had, Sinclair No. 1 Seaman
in Section 13.

MR. UTZ: Any other questions of the witness? The
witness may be excused.

(Witness excused.)

MR. CHRISTY: Mr. Clark, please. Would you like to
swear the remaining witnesses? |

MR. COOLEY: Yes.

(Witnesses sworn.)

MR. CHRISTY: I would also like to offer in evidence
this bulletin previously identified by the witness, with the
request that we may have the crticle back when the case has been
concluded.

MR, UTZ: What do you want to mark this one?

MR, CHRISTY: 3-P.. Is 3-F admitted?

34
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~ RAY CLARK
called as a witness, having been first duly sworn, testified as
follows:

DIRECT EXAMINATION
BY: MR. CHRISTY:

Q@ Will you state your name, addresé, and occupation?

A Ray Clark, 21C3 Redbud, Odessa, Texas. I am petroleum
engineer for Forest 0il Corporation in the Production Department,
Odessa, Texas.

Q@ Have you ever testified before this body before?

A No, sir, I haven't.

Q Would you please give us a brief summary of your school

ing and places of higher learning, when you graduated, what degregs

you hold, and what occupations and duties you have done since
graduation in the field of petroleum engineering.
A Yes, slr. 1 graduated from Texas A & M in 1952 with

a bachelor of scilence degree in petroleum engineering and mechanid

engineering. 1 have been employed by Union Producing Company, Cane

Brothers Engineering Company, and Final Engineering Service Compa%y

in the capacity as engineer. I am presently employed by Forest
0il Corporation as a petroleum engineer and I am a registered
professional engineer in the State of Texas.

Q@ Have you ever testified before any other regulatory
bodies? A No, sir.

Q Myi_?lark, the lands involved in this application are

eal
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in Section 26, Township 16 South, Range 33 East, NMPM, Lea County]

New Mexico. Are ycu famlliar with the wells 1n the general area

of, ‘in that general area, and specifically the subject well of

this application? A Yes, sir.
Q Production-wise? A Yes, sir.
MR, CHRISTVY: Does the Commisaicon have any question

concerning the witness' qualifications as a production engineer?
MR. UTZ: His qqalifications are acceptable.

Q (By Mr. Christy) Mr. Clark, are you familiar with the
method of completion of the subject well, and if so, would you
givé us please a brief Study on that completion data¢?

A Yes, sir.

MR. CHRISTY: I would like to have this marked.
MR, UTZ: You wish this to be marked Applicant's
Exhibit 47
| MR. CHRISTY: Yes, please.

Q (By Mr. Christy) Now, I hand you what has been marked
Applicant's Exhibit 4 to assist you in answering the question
Just propounded. Will you continue, please.

A Yes, sir. Exhibit 4 1s a schematic sketch of a dual
completion of Porest Oil Corporation's No. 1 State "A" well that
has breviously been identified. 5 1/2 inch prodﬁction casing
has.been set to a total depth of 11,592 feet. There were two
zones perforated. The Wolfcamp zone was perforated between the

intervals -- Do you want the specific perforations?
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Q You can say, I think it will be sufficient to satiafy |

the Examiner, that the perforation data are shown on Exhkibit
No. 4 without reading all those figures,

MR. UTZ: That's satisfactory.

i
t

A The perforations are stipulated on Exhibit 4 and they

are correct. A singlie string of 2 3/8 OD 4.70 EUE production

tubing was run in the well for production purposes. It was landeT

on a Baker Model "D" Production Packer, which was set by wire line¢

37

at 11,410 feet to separate the two zones of production. Immediately

above the producticn packer we have a P. S. I. Model "C-2" landing
nipple with a '"CVE" separation‘sleeve, commonly referred to as
straight through sleeve 1in place. A sleeve of that particular
type allows Pennsylvania production from below the pééker to move
upwards through the tubing to the surface, but doesn't allow it
to get into the annular'séaces.

Q Now, you are proposing producing the Pennsylvanian
from the tubing and the Wolfcamp from the annulus, 1s that what
you are proposing?

A Yes, sir, that's the way we propose it.

Q Go ahead.

A Inmediately above the S. P. L landing hipple that was
pednted out, we have a Baker Model 'C" Tubing receptacle which 1is
in effect a small tubing packer, but it does not pack off against
the casing wall itself. It is strictly a tool which is run in

in order to facilitate future possible remedial work.
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Q I peileve that answers the question.
tests been run on the two zones shown in Exhibit 492

A Yes, sir, they have,.

Q Do you have any results of those production testa?

A Yes, sir, Exhibit 5.

Q Would you give us your productlion test reports on the
Wolfcamp first, please, sir. |

A Yes, sir. The Wolfcamp, on January 20, 1958, followingd
a clean up period, after the well was acidized, after the Wolfcamp
portion was acidized, the well flowed through the casing and
flowed approximately 97 barrels of fluid that was approximately
25 percent acid water, fresh water. In tlhree hours, on a half
inch chbké, flowing casing pressure was 300 pounds, gas-o0il ratio
was 988 to 1. Gravity of the oil was 40.3 degrees API corrected,
and the cumulative total of the Wolfcamp o1l which we have stored
at the surface or sold to date, everything that has been taken
out of the Wolfcamp zone, was a total .of 704 barrels of oil.

Q WOﬁld you give us similar production tests on the Pen-
nsylvanian, oi Seaman zone?

A Yes, sir. In the Pennsylvanian, on January 27, 1958,

we potentialled the Pennsylvanian zone, and it flowed through the

tubing 325 barrels of oil and no water in 24 hours on a 15/64 choke.

Flowing tubing pressure was 850 pounds. Gas-oil ratio was 1349 to

1. The gravity of oil was 41.5 degrees API corrected. There are

subsequent production tests shown on this Exhibit 5. |

[+
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Q “Now, on Exhibit 5 you show future production tests
hetween February 1, 1958, and February 23, 1958, Are the matters
therein correct? A Yes, sir, they are.

Q Now, what zones do they relate to?

A Everything from January 27th, 1958 forward represents
solely Pennsylvanian production.

Q So you have one report on the Wolfcamp in the first
paragraph, and the balance of the exhibit relates to Pennsylvanian?

A That's correct.

Q Now, do you have a well history on the subJéct well?

A Yes, sir, a brief history. It does not go into deep

detalls, but it shows all important operations on the well from

i the time that 1t was spudded up until the present time, and I'll
have to ask that the last entry on that history be stricken from
the record. It is that we have not decided to run that test, but
_we have simply decided to postpond the test for a while.

Q Now, Mr. Clark, as I understand you, the last line
on Applicant's Exhibit 6 should be stricken for the reason that
thdt test has nét yet been run? A That's correct.

Q Now, I refer you to the pressure figures shown at Page
1 of that Exhibit on January 17, and various other pressures,
are those accurate pressure measurements?

A The pressures which were actually measured by the
instrument were accurate, but these are field readings of the chant

that resulted from those instruments, and field readings, necessarily
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out on a rig, you are golng To havée a I1ttIe air Involved.  You
are not reading your pressure with a scanner, you are doing it
Just with a ruler, to get a close approximation.

Q So that the pressures shown on the exhibit are merely
approximations? A That's right.

Q@ And you are not contending they are exactly --

A That's right.

Q Now, I refer vou to Exhibit 1, which has previously
been admitted. Does Exhibit 1 show the location of the well
involved in this application and the leases in the general
vicinity surrounding it? A Yes, sir.

Q Now --

A Exhibit 1 shows the location of the well involved
in the application and location of the wells on offset leases,
and in the general area, the lease embracing the subject well
covers only Section 26, Township 16 South, Range 33 East.

Q Would you locate the subject well for us by legal
description and distances from the North and East 1line?

A Yes, sir. It is 660 feet from the North and East
lines of Section 26, Township 16 South, Range 33 East, NMPM, lLea
County, New Mexico.

Q Now, do you have some data on your casing and oementing
program in connection with this well? 1Is that matter shown on
Exhibit 6?2

A All casing and cementing that took place on the well
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15 shown iIn detail on Exhibit 6.

Q And that is accurate data?

A Yes, sir, that 15 the accurate data.

Q@ Now, do you feel there is possiblity of communication
or migration of fluids between this Kemnitz Wolicamp and the Se n
Pennsylvanian zones in the annulus of the casing? -

A No, sir.

Q Were any fresh water zones encountered in your drilling
activities, and if so, were they cemented off and protected?

A I presume that we did encounter some fresh water zones
above the red beds.

@ Would you rather defer that question?

A That ls generally normal, and we set our surface casing

down into the re& beds and circulated cement back into the surfacd

.

Q All the way from the surface into the red beds?

A Yes, sir.

Q@ And that is solid cement there?

A Yes, sir.

Q@ Now, on the propos~d dual completion, are you familar

with the propoesed type of installation and so on, on that packer,

and all of those which you previously mentioned? | .
A Yes, sir. | |
@ 1Is that, in your opinion, in accordance with good

engineering practices and principals, that method of dual com-

pletion? A Yes, sir.
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mentioned, one of the standard types used in the o0il industry?

A Yes, sir, it is.

Q Has the proposed type of dual completion operation
proved successful in operaticns in actual field tests?

A Yes, sir.

Q As to your surface equipment, can it be designed and
installed so that the reservoir will be separately produced and
thelir fluids separately tanked and gauged for no commingling?

A Yes, sir. 1In the event a dual completicn 1s allcwed, .
we will set additional tankage and separators so there will be
no surface commingling of oil.

Q Is the dual completion requested in the application,
which you previously mentioned, recognized and accepted by, in
general,; by the oil industry and other regulatory bodies?

A Yes, sir.

Q How about corrosion, could that present é problemn?

A No, sir, not in the subject well, it should not. We
have a report from Gulf Pipeline on two wells, the Kemnitz “A"
1 -~ Tennessee-Kemnitz 1 “A" and the Sinclair Seaman No. 1, and
the sulfur content on both of those wells was on the order of
one tenth of one per cent. Sweet crude is generally defined as
belng less than one per cent sulfur content.

Q Is the crude from these two producing zones sweet or

Q Is the proposed dual completion installation which you|
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A Tt 1s sweet.

Q Do you feel that the dual completion technique provide

any more possiblity for leakage or communication between the two

reservoirs than any other system that you might know of?

A No. As a matter of fact, i% probably has less possibi
for communication or leakage due to the lesser number of Jjoints
involved 1in only having one string of tubing.

Q@ Have you taken packer leakage tests on the well?

A Yes, sir.

Q Do you have any data in connection with that?

A I have.

Q@ Now, I refer you to Apnlicent's Exhibit 7 and I will
ask you whether or not that reflects your packer leakage tests
and the results of same, and gives diagrammatic sketchs of the
graph, and I believe also there is attached a plot of packex .
leakage test pressures? A Yes, sir.

Q Is that what Exhibit 7 1s?

A Yes, sir. I might add that thls packer leakage test
was run on January ihe 25th, and was run primerily for the benefi
of Porest Oil Corporation. It was run in accordance with the
rules of the New Mexico 01l Conservation Commission, and notifica
tion was glilven that the packer leakage test would be run. We
desired to run this packer leakage test prior to the time when

it might be necessary. We wanted to run the thing before we

Mspayyed trying to evaluate our reservoirs. That would haqupgen

.
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_door tool. That tool, when latched into vlace contains the zone

done with bottom hole pressure recording 1nstrumentslywﬁ; wgnted
to satisfy ourselves beyond any shadow of a doubt that we would

be evaluating solely the one reservoir in which we were attempt-
ing to gain data.

Q@ Now, mechanically speaking, can separate maintenance
pressure tests be run on the two zones under your proposed type
of dualing, and if so, how?

A Yes, we can run, I presume you are referring to sub-
surface pressures, bottom hole pressufes?

§ Yes, subsurface pressures,‘bottom hole pressures tests|

A Yes, sir; that is very easily accomplished with wire
line manipulation of subsurface tools. The tools on Exhibit 4,
the P. S. I. Model "C2" landing nipple, which is shown immediately
above the production packer has side doors in it, with straight

through sleeve installed, as we presently have it in order to

produce the Pennsylvanian. The Pennsylvanian reservoir is the on%

one which is open to the inside of the'tubing, and naturally, we
can rﬁn bottom hqle pressure tests, or any flowing tests through
the tubing right straight up the tubing thfough the receptacle
sleeve in the event you want to gain data on the Wolfcamp zone.

All that 1s necessary to do is to go in with wire line tools and

retrieve the straight through sleeve, which was mentioned, this
separation sleeve, you retrieve that, and go back in with a secon

sleeve, which is referred to generally as a bottom-black or side
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" below the packeg in this case, the Pennsylvanian zone. The tool |~

containa that zone below the tool and below the packer, then the
Wolfcamp zone 13 opened to the 1lnner portion of the tubing through
the side dcor ports in the P, S. I. landing nipple. Now, if

you were going to use a bomb to get a subsurface pressure in your
tubing there, you.would flow a little in excess of tubing capacity
to your tanks in order to be sure that you have a Wolfcamp gradiej
o0il in your tubing rather than Pennsylvanian gradient in your
tubing, then you would proceed just as though the tubing were
suspended free and the bottom of the hole in the packer itself.

Q@ Is this a permanent type packer?

A Yes, sir, it has to be drilled out.

Q@ What is the cost of drilling a Wolfcamp well using
this S 1/2 inch casing?

A A Wolfcamp well?

Q Yes, sir.

A Two hundred sixteen thousand dollars, approximately.

Q What would it cost to drill a Pennsylvanian well and
dual complete it with 5 1/2 inch casing in a single tube and
complete it in thé Wolfcamp and Pennsylvanian, using 5 1/2 inch
casing in the single tubing?

A Two hundred and forty-eight thousand dollars.

Q What would 1t cost to drill a Pennsylvanian and dual
complete it using 7 inch casing and two strings of 2 3/8 inch

tubing?
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" A Two hundred elghty thousand.

Q@ Now, how much would it cost Just to drill a straight
well to the Pennsylvanian skipping the Welfcamp, so to speak,
with S 1/2 inch casing, or whatever would be used?

A About two hundred and forty thousand dollars.

Q Now, in your 5 1/2 inch tubing that you presently have
in there, can you put in another string of 2 3/8 inch tubing?

A No, 8ir, it is physically impossible.

Q Could you go back now and make a 7 inch casing out
of your present well? A No, sir.

Q Why not?

A You have already got 5 1/2 inch casing in that hole,
and it would be much cheaper, if you desired to do that, 1t
would be much cheaper to skip over a little ways and drill your-
self a new hole.

Q 1t is economicaily --

A It 1s physically impossible.

Q It is physically impossible?

A Frankly, I think it is physically impossible to do
"1t and stay in the same hole.

Q Are you familiar with the Wolfcamp formation in the
general area of the well? A fes, sir.

Q 1Is it a continuous reservoir or pool?
A Yes, sir.

Q Based on that, have you arrived at any opinion as to
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whether or not the subJect well may be presently beilng drailned
in the wWolfcamp?
A Yes, s8ir, I think it is fairly obvious that the subject
well is being drained by the Kemnitz Wolfcamp producing fleld to
the east of the subject well, being drained by that area in
general, and particuvlarly, it is being drained by the Tennessee
State Kemnitz 'B" well,
Q That's in Section 25?
A Yes.
MR. CHRISTY: That's all.
MR. UTZ: Let'‘s take about a ten or fifteen minute
recess.
(Recess)
MR. UTZ: The hearing will come to order, and you
may proceed with Mr. Clark.
MR. CHRISTY: Mr. Examiner, we have attempted, from

the rirst witness, to elicit the geological problems involved

b7

in the area, and from this witness we tried to elicit the mechani¢s

of the dual completion and the production‘matters of the subject
well., Our third witness will consider the well history and
reservolr estimates, the other producing wells in the area, and
the economic factors and the actual specific reasons why we re-

quest this applicatien. It 1s obvious from the testimony to datej

up to this point that, I belleve, we do claim we are being drained

in the Wolfcamp. We do not make such a claim in the Pennsylvaniah,
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but we propose to show why the application should be granted from
the third witness on the economics and on the well history and
the reservoir estimates, and soc forth. We will go into that with
the third witness, but we do not have any other questions from
this witness with regard to the mechanics of completion and the
teasts taken on the subjJect well itself, and the production.

MR. UTZ: 1Is there any questions of Mr. Clark. Mr.
Cooley.

CROSS EXAMINATION

BY: MR. COOLEY:

Q Mr. Clark, you stated on direct that the proposed

method of oil-0il dual completion flowing in the upper zone throu#h

the tubing anmulus, and lower zone through tubing is a standard
practice in the industry aﬁd accepted by the industry as well as
several conservation bodies throughout the country?

A Yes, sir.

Q Could you enumerate what states authorized this type
of dual completion, to your knowledge?

A To my knowledge, they are authorized in Mississippi,
Iouisiana, and Texas.

Q And do you have any knowledge of any such dual comple-~
tion having been approved in the State of New Mexico?

A No, dr.

Q Do you know whether any such applications . have ever

been made
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"A No, sir, I am not aware of that.

Q Mr. Clark, in the event this application were denled,
what would be the alterrative left for Forest Oil Corporatim
as regards to these two zones and their existing wells?

A I think the only thing we could do would be, to prevent
drainage in the Wolfcamp, I think we would have to ellminate ur
Pénnsylvanian production.

Q And you do not, I believe, from the outline Mr, (nisty
gave us, you are not prepared to testify on the oil in plae
in the Wolfcamp? A No, sir.

MR. CHRISTY: We have a reservoir engineer who will
do that.

MR. COOLEY: That's all the questions I have.

MR. UTZ: Any other questions of the witness?
QUESTIONS BY MR. UTZ:

Q Mr. Clark, I belleve you éteﬁ’ced that 5 1/2 inch casing
completion to the Wolfcamp was two hundred sixteen thousand bllaps,
and proposed dual completion is two hundred forty-eight thousant
dollars, and if you were to put 7 inch casing, and two, 23finch
strings, it would be two hundred eighty thousand dollars, isthat
correct? A Yes, sir, that iscokrect.

Q Obviously the reason you‘ can't put in two, 2 3/8imh
strings 1s because you have 5 1/2 inch casing in the hole. J,

i1s there any other type of tubing that you could use two strings

on?




intended to drill to the Pennsylvanian when you projected this

in order to use it as a salvage operation in the event that the

A Yes, s8ir. You could run two strings ofdinch and ém
half paraffin joint, or Hydrill, either one, those botia
fit in 5 1/2 inch casing, or you could run one string of 2 3/8
inch casing and 1 inch string. That can be done physically.

Q Could you use two strings of 2 1/16 Hydrill?

A I am not sure right offhand whether you could or not,
I would have to check cleafances on that. We have some twenty
pound plipe in this hole.

Q Is the Hydrill tubing more expensive than the regular

A Appreciably so.

Q@ It is?

A Measurably so, yes. Your tubing is your primary
cost factor when you start talking about Hydrill. The pipe itself
is a relative insignificant figure, as compared to the cost of
tubing.

Q@ Are you in a position to say whether or not you

well?

A VWe did not.

Q What caused you to go ahead to the Pennsylvanian?

A We were a little dublous about the prospects of a
Wolfcamp producér when we ran drill stem tests 1n the Wolfcamp.

We were afriad we may have a dry hole. We went on to the Pennsylv
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cdon't.

Wolfcamp did not produce.

2 Now, you are drilling another well, I belleve?

A Yes, sir.

Q OQffsetting this one to the south?

A That's correct.

MR. CHRISTY: It is the No. 2 well, Mr. Examiner,
it is shown on Applicant's Exhibit 3,

Q 1Is that welil now dry? . A Yes, sir, it is.

Q Have you projected it to the Pennsylvanian?

A No, sir, it is now projected currently as a Wolfcamp
well., If I reme-ber correctly, our application to drill the well
included a depth;of ten thousand eight hundred feet, that would
put us in the Wolfecamp.

Q How far along is this well drilled now?

A Tt is at approximaftely four thousand feet.

Q@ And what type of casling do you intend to use there?

A Five and a half inch casing.

Q Might you not be in the same position when you get
to the Wolfcamp .on this well?

A It is possible, yes, sir.

Q Still, in view of the fact that you had the Pennsylvani

in your No. 1 well, you still don't intend to gd to the Pennsylvap
in your No. 2 well?

A No, 8ir, we don't. Not under our present plans, we
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the gas in solution in addition to a driving force possibly of

Q “if yourAWOigééméuiéMéfy,Nydﬁwgféuéding»té plug J‘.“t?'~

A Well, that 1s a decision that will have to be made
at that time.

MR. UTZ: Any other questions of the witness? Mr.
Nutter.
QUESTIONS BY MR. NUTTER:

Q@ Mr. Clark, to get into the mechanics of flow in a flowj
ing well, ﬁhat is the principal propelling agent that moves the
01l up the tubing or up the casing of the tubing annulus, as the
case may be?

A Decompression of the reservéir oil and expansion of

the expanding gas cap, 1if there happens to be one.

Q@ And you have thils gas coming out in solution in the
casing or tubing annulus? A That's correct.

Q@ As free gas?

A In conjunction with the oil that it is bringing with
it. It 1s the piston or the driving f§rce.

Q What is the diameter of the pipe that you have 1nAthis
hole, internal diameter?

A It is about 4.9 inches.

Q@ Now, in response to a question by Mr. Utz a moment
ago, you said it was impossible to run two 2 1/16 inch K.S.

Joint strings, parallel strings of this type of tubing.

H
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.A I stipulated it might be impossible. I do not know |




whether 1t is possible to run two strings of 2 1/16 inch Hydrill.|

Q Do you know what the OD of the Joint is on 2 1/16
ineh Hydrill tubing string?

A Right offhand I don't.

Q Assuming that it were 2.33 inches, would it be possible
to run parallel strings in this --

A Yes, it would.

Q What type of tubing do you usually run in accordance
with the application?
’ A 2 3/8 ineh ' OD, No. 4.70 EUE N80 tubing.

Q What 1s the outside diameter of that?

A 2 3/8 inches. The coupling diameter is 2 1/2.

Q The tubing;~-

A 2 3/8 nominal.

Q@ Do you have any idea of what the cross-sectional area
of 2 3/8 inch OD tubing 1is?

A The cross-sectional area?

Q Yes, sir.

A Of the tubling itself?

Q@ Yes, sir. If you have it, would you figure that for
us, please,

A All right, sir. Approximately 4 1/2 inches, square
inches.

Q What would the cross-sectional area of your 5 1/2 inch

| casing be? That is, the internal cross-sectional area?







A Aééro#iﬁatéiy 18.9 équare inches.
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Q What would be the area of the annulur space, the difference

between the outside area of the tubing and the 1nside area of the
casing?

A I don't recall what -- What did I give?

MR. UTZ: &4 1/2.

A That would be 1l4.4 square inches.

Q@ How would the cross-sectional area of tnis annulur
space compare with the cross-sectional area of the two and a
half inch spacing?

A It would be roughly“five times as large.

'Q Five times?

A I think that's right. Approximately five times as
large.

Q Now, Mr. Clark, you stated that one of the driving
forces to cause thisrfluid %0 move up the well bore was the ex-
pansion of gas coming out 1in solution? A Yes.

Q As that gas comes out in solution, 1t has to move :.:.:

a certain amount of fluid that is in the pipe, is that not true?

A That's right.

Q@ The amount of slippage that.is encountered as this gas
moves through the column of ¢il would be & function cof the velocit

with which the fluid was moving, would 1t not?

A Yes, slr, that would be one of the dependents.

.. 8_ Do you think that the veleoclity of fluid would be
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' comparable in an inverse sense to the cross-sectional area? That|
is, to move a certain volume of fluid through a given cross-sectignal
Qiameter, the velocity of the fluid would be inversely proportion?te
to the cross-sectional diameter?

A That's correct.

Q And the velocity of this fluid coming up this annular
space would be 1/5 as much as the velocity of the fluid coming
up the.string of tublng?

A Approximately, yes.

Q Now, would you have filve tiﬁes as much slippage 1in that
event?

A I don't think so.

Q@ How much slippage would you have?

A I think you would have on the order of two to three
times as much slippage.

Q@ You would increase the slippage --

A Yes, sir.

Q@ Then the increase of slippage is the dissipation of
energy, is it not? A Yes, sir.

Q A8 you increase this cross-sectional area and permit
more of this gas to come through the 01l by slowing down the
velocity of the fluld, would you have a tendency to increase the
gas . that 1s produced from a reservoir?

A WOuid you state that over agaln, piease.

@ 1In ocher words, do you agree with the concept which is;




frequently asserted in the oill industry that the tubing of wells
results in a lower gas-0il ratio for those wells?

A Yes, I think that is definitely correct.

Q@ Do you think that decreasing the cross-sectional area
by a matter of 1/5 would have any affect on the gas-oil ratio?

A Yes.

Q Do you agree with the testimony of Mr. Deblinger that
th:se are rather high oil ratio, or may be expected to be high
oll ratios in this area?

A Yes, I do.

Q Do you think that's in the interest of conservation,
to incresse the gas-oll ratio?

.A No, I don't, not when you are starving for gasc I
think 1t is a function of whether or-not you are golng to add
the depletion of the oil portion of a reservoir, whether or not
you will still have gas left.

Q What utilization is being made of the gas that is
being produced here now?

A 'There 1s none at the present. There 1is no pipe outlet
for this gas. There should be before summer.

Q What disposition is belng made of 1t at the present?
A It is being flared. We are talking about any gas?
Q Gas 1n this pool, yes, sir.

A In the Kemnitz Wolfcamp pool?

Q@ Yes, sir.
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" A It is being flared. I presume that it is, there is
no pipeline outlet in the vicinity that I know of.

Q@ What reason do you have {o think that_the gas slippage
would be a matter of two or three times as great?

A You have a reduced friction factor, for one thing.

Q Reduced friction factor as a result of having more
annuiar spaces?

A Yes, sir, I think so. You will have a lower velocity,
and 1n4a11 probability, you will have a laminar flow as opposed
to turbulent flow in the tubing. I don't mean to imply that
that necessarily will be the case. You don't necessarily have
turbulent flow within your tubing 1f you are producing at the
same rate that you are producing in the annular, but it may
very well apply, and even if it does not, your friction factor
increases with an increase in velocity.

| Q Do you think that you will have a laminar flow in the
application of the tubing annulus with that flow bumping into
the collars all the way up the hole?

A Yes, I think the type of flow that you have is going
to be a function of velocity.

Q And you would expect a laminar flow even with these
high gas-oil ratio that may be encountered in the Wolfcamp?

A Possibly not in the very top of your string, say

two thousand feet from the surface, from there up I wouldn't

_expect definitely to have laminar flow, but I would expect to have
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“laminar flow in the lower reaches of the annular reach.
Q Where the velocities are slow?
A Yes. As the veloclty increases with expansion, and

gas comes out 1in solution, why you may very well get into a

turbulent flow situation. At that point your velocity may become

great enough to give rise to turbulent flow.

Q@ Mr. Clark, do you think that the ideal stringer and
tubing that could be installed in the well would be one which
would balance the friction losses and the slippage losses 80 as
to :achievés a minimum drop in pressure as the fluid moves up
the hole?

A Yes, I believe,that's correct.

Q - And do you think that the annulus between a stringer
of two, 2 3/8 inch tubing and 5 1/2 inch casing achieves that
minimum pressure drop?

A No, it doesn't. It is not the ideal. I think you
have to strike a balance between the cross-sectional area that

you are producing and the amount of friction drop that you get

due to your frictionazl resistance to fldw, which would, of course

be based on your hydroelecthbric. rddius.

Q@ Do you think that the friction drop which would be
encountered in annular flow or concentric flow, as it might be
called, is the same friction drop that you would have in a round

pipe of the same cross-sectional area?

A No.
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Q Would it be greater? = T

A It would be greater because you have two, you have a |
greater hydroelectric radius.

Q@ You have two surfaces? A Yes.

Q To cause friction? A That's right.

Q@ Mpr. Clark, how long do you think that the Pennsylvanian
zone will continue to flow at the present rate of decline?

A I don't believe I am prepared to answer that question.

Q@ Do you anticipate a long flowing life in the Pennsylva#ian
zone?

A By long are we‘including the term, years? Iit we
are talking in terms of years, I don't anticipate that long.

Q Would you anticipate it would continue to flow for
several months?

A I don't think that it will be flowing six months from
now.

Q I notice on your diagrammatic sketech that you have
indicated that the tail pipe at least would be an inch and a
quarter OD Kobe tubing. What is the reason for that?

A ‘We ordinarily run something small below, or seal
nipples in order to avoid having any of our wire 11ne>tools
being lost and going on down, so that we don't even have any
fishing jobs below, and we don't have to go below our permanent

packer with wire line tools.

Q Then this piece of tubing is in the nature of a




restriction or the bottom of the tubing rather than an indication
of putting in Kobe pumping equipment?

A No, sir, that 1s not for Kobe pumping equipment at
all.

Q What has been the general characteristics of the
wells in the Kemnitz Wolfcamp pool? How many wells are in that
pool total, do you know?

A I do not.

Q Well, Just answer the question this way, what percenta$e
of the wells, to your knowledge, are flowing, and what percentage
have had to go on pump?

A It is my understanding that two of the wells have gone“
on the pump in the Kemnitz Wolfcamp pool. o

Q@ And the balance are flowing?

A The balance of the wells, as far as I know, are flowing.

Q Now, a summary of the wells that have been completed
in the Pennsylvanian zone shows that the FPenrose well is such
that it can hardly be termed a well at this time. Now, what about
the Sinclair well, is 1t a flowing well or pumping well?
A It is a flowing well.

Q What about the Pure well, what is its status?
A It 1s flowing.

MR. NUTTER: I believe that's all.

MR. UTZ: Any other questions of the witness?

__MR. CHRISTY: I have one or two here.
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' REDIRECT EXAMINATION
BY: MR. CHRISTY:

Q Mr. Clark, a question was asked on raising this
gas-oil ratio. Do you plan to utilize the gas as it is taken
out As soon as the plpeline facilities are availlable?

5 A Yes, sir. We anticipate that our gas will be taken
by the gasoline plant or the completion plant which is presently
being built about three miles east of us.

Q Now. do yvou feel that the increase in the gas-oil ratiq
will endanger the reservoir and the ultimate recovery in the
Kemnitz pool?’

| A No, sir, I don't. I think they are going to end up
with excess gas in their land.

Q So that{ the increase in gas-oil ratio will not be
detrimental to the pool? y A No, sir.

Q Coupled with the fact that you will be able to utilize
the gas?

A 1 think that's correct.

Q@ Now, sir, a question was asked you whether or not
you could use Hydrill tubing. Did your cost estimate previously
made include the use of Hydrill tubing?

A It included the cost of a stringer of one inch Hydrill
tubing to be run dcewn. It is possible to run that down beside the

present string of producing tubing that is in, and 5 1/2 inch

casing. We could possibly, physically run a string of Hydrill.
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Q If you had compicted it with the use of Hydrill tubing,
wouldn't your cost have been increaséd from that previously
testified?

A Yes.

Q Substantially, or minor?

A Well, if you are going to compare it with anticipated

Pennsylvanian production, as I understand it, I think it is quite

a substantial figure.
Q@ Do you know what that figure might be, that increase?
A I estimate it, to run a string of one inch Hydril

tubing to ten thousand -seven hundred feet, the estimated cost

(4

of the tubing, the equipment and installationiexpense, all includgd,
would be seventeen thousand dollars. That's over and above the
cost that we have in the well now.

Qr Now, mechanically speaking, can eiﬁher one or both
of the pay zones be pumped under your present form of completion?

A Yes, sir, either zone can be pumped with the other

zone shut in. The Pennsylvanian zone can be pumped up the tubing

with the Wolfcamp flowlng up the casing annulus.

Q Supposing you had to put the WOlfcﬁmp on a pump.

A Block off the Pennsylvanian andrpump solely the Wolf-
camp, unless you are going into dual completion zone pumping

equipment.

MR. CHRISTY: That is all the guesticons I have.

.. RECROSS EXAMINATION




‘BY:  MR. NUTTER:

Q That raises one question, Mr. Clark. 7You stated
that it would cost you seventeen thousand dollars to run a string
or two strings?

A One string.

Q‘ One string of C.S. Jjoint?

A That's right, C. S. Hydrill.

Q Now, you were including there the cost of running the
plpe as well as buying?

A That's right, buying the pipe. The pipe 1§self -

Ten thousand seven hundred feet of that pipe would cost fourteen
thousand five hundred dollars.

Q A large part of that is capital investment, which
could be recovered after the well is completed?

A It may very well be recovered from a weight‘standpoint,
but I don't know whether we would ever use it again, and when
you get something like that in your hands, in your yard; you end
up selling it for Jjunk, and you get a Junk price for it.

Q hnother thing, Mr. Clark, you stated that it would
be physically impossible, in your opinion, to run 7 inch pipe
in this well at the present time? A Yes, sir,

Q@ Now, would it have been physically impossible to run 7
inch pipe in the weli prior to the time the 5§ 1/2 inch pipe was
run?

A Ve did not have a hole_large enough drilled»@ohacgoqgod
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7 inch pipe. That hole would have had to be rimmed. =

Q@ Couldn't it have been rimmed under the five --

A No, sir, you would have to go back to your surface
casing. We had 8 5/8 in the hole, you can't run 7 inch casing
in that. We would haﬁe to set 9 5/8 inch in lieu of 8 5/8 if
we wanted, anticipated running 7 inch casing. That is our normal
progrem.

Q It is physically impossible to run 7 inch pipe inside
8 5/82

A Right offhand I don't know whether it is physically
impossible or not, but it is not in good practice. You are taking
too much of a chance. If you have any clearance, you have so 1lit{
clearance that a slightly crooked hole would get you stuck and
you would end up Junking the hole right there.

Q You don't think it would be met with success in any
event?

A T don't think that you would go into a situation like
that»intentionallyl I don't think that you would intentionally
set out to have an 8 5/8 intermediate string and run a 7 inch
casing inside.

Q What do you mean intentionally?

A That's what I mean.

Q When the well was origlnally contemplated, you mean?

A Yes, sir.

Q But as a salvage operation, do you think it would be
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attempted?

A I would have to find out whether or not it is even

physically possible to run 7 inch casing inside 8 5/8. I don't know

that right offhand.
MR. NUTTER: Thank you.
MR. UTZ: Any other questions of the witness?
QUESTIONS BY MR. STAMETS:
Q@ Mr. Clark, I have one question. About how much oil
do you expect to get from the Pennsylvanian zone?
A That 15 going Lu come rrom the Reservoir Department,
if you don't mind.
Mr. STAMETS: That is all.
MR. CHRiSTY: I have some questions.
REDIRECT EXAMINATION
BY: MR, CHRISTY:
Q The question came up whether or not when you got tO»th#
Wolfcamp you could have rimmed out the hole?
A Yes, sir. It is physically impossible.
Q@ It is physically impossible. How about the cogt
factor on that?
A In hard rock country like this, I think that you are
probably a little better off if you just 2o back and start over.
Q@ In other words, 1t is probably going to be cheaper to
drill a new well, new hole?

JA- That's”right. Your bits go out of gauge too fast.
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MR. CHRISTY: 'hat’'s all the questions I have.

(Witness excused.)

.MR. CHRISTY: For the Commission’s consideration,
a question was made about one and a half inch tubing, using two
sets of that. I will refér to Case 1365, Order No. 4-1126, in
which this body found:

“That the use of 1 1/2 inch diameter tubing in the
pPIoposed dual completion would impair the tlow etficiency of bothn
producing horizons, thereby necessitating the premature use of
artificial life equipment.®

Cur 1ast\witness'is Mr, Parsley, the reservoir engineer

who will sum this up.

JOE M. PARSLEY
célled as a witness, having been first duly sworn, testified as
follows:
DIRECT EXAMINATION

BY: MR. CHRISTY:

Q@ -Woulid you please state your name, address, and occcupa-
tion? !

£ Joe M. Parsley, 1200 Chestnut Lane, Midland, Texas.
I am a reservoir engineer for Forest Cil Corporation in the Midland

Off 1 ce.
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Q Have you testified belfore this body before?
A No.
Q Will you please give us a brief history of your higher

education, your degrees, when and what you have done sincz then in

the way of petroleum engineering, or related subjects,

A I graduated from the Universtity of Texas with a
bachelor of science degree in petroleum engineering in 1951. I
have wOEk;d for the Ohio 0il Company and Forest 0il Corporation
six years as a reservoir engineer, and one year in the field.

I am a registered profeséional engineer in the State of Texas.

Q Have you ever testified before any other regulatory
bodies?

A No.

Q@ The lands involved in this application are situated
in Section 26, Township 16 South, Range 33 East, NMPM, Lea County
New Mexico, involving Forest Oil Company's No. 1 State A" Well.
Are you familiar with that well, or the general ﬁells in the
vieinity of that area?

A Yes, sir.

MR. CHRISTY: Does the Commission have any questions

concerning the witness' qualifications?

MR. UTZ: No. His qualifications are acceptable.
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Q Now, sir, 1 will refer you to Applicant’s Exhibit
3 which has previously been testified as showing the wells drilied
and producing in the Seaman Pennsylvanian formation. Now, will
you give us a little well history and reservoir estimate on the
subject well in Section 26°?

A Yes, sir. That well was potentialled from the Pennsylvénian
for three hundred and twenty-five barrels of oil per day. 15/64 ifich
choke. Flowing tubing pressure of eight hundred fifty pounds.

A gas-01il ratio of thirteen hundred and forty-nine. A gravity

of forty-one point five degrees API. Completed, January 21, 1958,
after one hundred gallons‘or mud acidized, and two thousand
gallons of regular acid.

First, we have examined the rock proporties. The microlog

shows forty-seven feet of pay in the principal zone, with a five

foot zone immediately above it. Core analysis in the Pennsylvanian

shéws forty-seven feet of pay. The average porosity by core analypis

is eight point six percent. We do not have the fluid analysis of

the Pennsylvanian oll. However, we have made some estimates,

comparisons based on a gas-oil ratio, flowing gas-oil ratio of

thirteen forty-nine. We have assumed that to be the solution

gas-0il ratio. From this we have estimated a saturation point, a

bubble point of thirteen hundred pounds. Estimated compressibility

of the Pennsylvanlian oil above the bubble poirt is in the order of

seventeen t{imes ten to the minus six barrels per PSI, and a
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gravity of forty-one boint five degfées API.

We have access to three reservoir pressures. Our first
one was obtained through a drill stem test. The initial shutin
pressure of our first drill stem test in the Pennsylvanian, before
any oil was produced, the pressure was forty-one seventy-two.
After the well had produced four.hundred and ninety-eight barrels
of oil, we measured the pressure with a bomb to be thirty-four
eighty»fourf A little later on we took some PI tests on the well
and using these tests, we ha&é calculated a reservoir pressure
at that time, that calculatica to be twenty-eight ninty-six, at
which time ﬁhirty—nine hundred and seventy-six barrels of oil
had been produced.

We have used this pressure information to calculate a

reserve for the Pennsylvanian. As you can see, we have two

pressures that have been measured above the bubble point, pressurés

of thirty-one hundred pounds. This can be used to calculate
the o1l in place during the fluld expansion phase of production.
We have experienced six hundred eighty-eight pound pressure drop
while four hundred ninty-eignt barréls of 01l were produced. Thip
gives us a point seven two four barrels of production for PSi»
pressure drop in the reservoir --
MR. NUTTER: How much was that?
A Point seven two four. Applying the compressibility

factor of seventeen times ten to the minus six to this figure of

g |
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point seven two four would determine that there wére forty-two
thousand six hundred barrels of cil originally in place, stock
tank oil.

The recovery to the saturation pressure of thirty-one
hundred pounds is estimated to be seven hundred and seventy-five
barrels. That 1s calculated by applying a one thousand seventy-
two pound pressure drop from original saturation to this point
seven two four barrels per PSI that we have experienced. There-
fore, deducting the seven hundred and seventy-five barrels pro-
duced to saturation pressure from our forty-two thousand six
hundred barrels of stock tank oil originally in place, we determined
rthat forty-one thousand eight hundred twenty-five barrels of oil
are in place when we hit the bubble point. These pressures
indicate to us that we have a solution gas drive recovevY:mechani#m.
The recovery of o0ll in place of that type drive is in the order
of twenty percent, therefore, multiplying twenty percent times
the forty-one thousand eight hundred twenty-five barrels gives
us a recovery, during solution gas drive, a recovery of eighty-
three hundred sixty-five barrels of stock tank o0il. Therefore,

out total estimated recovery will be eighty-three hundred and

eighty-five barrels, plus seven hundred and seventy-five barrels,
or ninety-one hundred forty barrels of stock tank oill, or
approximately ten thousand barrels of oil from the Pennsylvanian.

Q@ Have you figured those barrels using a dollar value?

A Using a gross reserve of ten thousand barrels of oil

.




thousand by seven-eights to get eighty-seven hundred and fifty

barrels of 01l to the working 1interest. The posted price of ;
0il is three dollars and eight cents a barrel. PFrom this we must%

deduct twenty-two cents per barrel advalorem production tax. We
have estimated our 1ifting cost to be in the order of twenty-five
cents a barrel, that gives us the working interest and net income
of two dollars sixty-one cents a barrel. The total income will
be two dollars and sixty-one cents per barrel times eighty-seven
hundred and fifty percent, or twenty-two thousand eight hundred
thirty-eight dollars. That 1s the value of the Pennsylvanian
oil in this well.

Q Now, this method you have described in determining

the apparent reservoir in the Pennsylvanian area, is that a .

usual and common method used by reservoir engineers in making such

evaluationa? ‘ A Yes, 1t is.

Q Are you familiar with the production history in the

Seaman Pennsylvanian, wells in the immediate vicinity of the subjéct

well? A Yes, sir, I am.
Q Would you give us a brief history of these wells?
Let's start with the Penrose well in Section 34.

A The Penrose '"PG" State No. 1 was completed October 17,

1947 for an initial potential, flowing one thousand fifty-six barrels

of o0il per day, with a gas-o0il ratio of a thousand and thirty-seveén,

gravity forty-two degrees.
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Q@ Did you give the GO?

A Yes. A drill stem test was talien in this well prior
to completion, which gave a shutin pressure of approximately six
thousand pounds. In December of 1957, bottom hole pressure test
and PI test were run on this well. The pressure measured with
a bomb at that time was twenty-three hundred and forty pounds.

Q Has there been a severe decrease in pressure in the
Penrose?

A Yes. The Penrose well has, through Decewmber '57, made
only ninety-three hundred and forty-seven of oil. During that
time, the well has been reperforated to open all the zone. that
it had available, reacidized, and the well failed to produce
the allowable, and at times got down to only twelve to twenty
bérrels a day. As has been stated, they have recently sand off
the frac with fifty thousand gallons. This well also experienced
an increase in gas-oll ratio from completion. The completion

ratio was a thousand and thirty-seven. During the PI test, a
ratio rise of three thousand and twenty-nine was measured. The
well makes no water.

Q Now, I refer you to the Seaman unit well, which is
in Section 13. Will you give us a brief production history of
that well?

A The Sinclair Seaman unit No, 1 well was completed
Cctober 1st,\1956 for an initial potential, flowing six hundred

and twelve barrels of oil per day, plus twenty-four barrels of
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water, with a QGO of nineteen seventy—nlne, and gravity of forty-
two point seven. An original drill stem test was run on this
well before completion. The measured pressure was thirty-nine
hundred and thirty pounds after two hours and fifteen minutes
sautin. Ancther pressure wags run on this well in April, 1957.
The extrapolated reservoir pressure, built-up pressure, was
thirty-three hundred and nineteen pounds. The water reported
on initial potential had dried up after three montns of production.
The gas-oil ratio reported now 1s approximately a thousand. The

well has accumulated, through December 1957, approximately elighty

six thousand barrels of oil.

@ Has there been severe drops in that well?

A Not as severe as on the Pennsylvanian.

Q@ In the vernacular, I believe, that is considered
a good well? A Yes.

Q@ Tell us a 1ittle about the production history of the
Pure well in Section 2 of Township 21.

A The Pure State lee “E'" No. 1 was completed October
the 26th, 1957, for an initial potential, flowing fourteen hundrefl
and forty barrels of o1l per day. The gas-o0ll ratio was thlrteen
hundred and fifty. Gravity, forty-four degrees. This well, on
a drill stem test prior to completion, the reservoir pressure

was measured to be seventy-two hundred pounds per sguare inch.

A bottom hole pressure test with a bomb was run in November, :

o A - eariy part of November 1957, and it measured to b

sixty-nine . |
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hundred and eleven pounds. No other bottom hole pressure tests
have been run, however, the well has experienced quite a drop in
flowing pressure, flowling tubing pressure. The well, after.com-
pletion, would produce its allowable with a flowing tubing pressuﬁe
of thirty-eight hundred pounds. Tests thereafter show the tubing
pressure, the well making approximately its allowable droovs to
fifteen hundred, twelve hundred and twenty-five, eighteen hundred
énd seventy-five, and on the last report we had, the well made
approximately its allowable, wltn a flowing tubing pressure of
seven hundred and sixty pounds, indicating a depletion of --

Q@ Evidencing severe pressure drops on the Pure well?

A Right.

Q Do you have the fligures on the total amount of oil
produced?

A The Pure well has accumulated twelve thousand two
hundred fifty-seven barrels of oil through December 1957.

Q Now, are there any other wells in the area of the
subject well producing from the Seaman Pennsylvanian formation?

A No, sir.

Q In your opinion, are these three wells you have mentione
economically sound?

A Taken individually, cur well is not, the Penrose well
is not, the Pure well apparently is not, the Sinclair unit
well has been producing for over a year making top allowable and

. appears ©o oe economically sound.

d




76

U Now, you have heard Mr. Clark testify as to the cost

factors on the subject well,various drilling methods, and produc-

tion area. Could you correlate those cost factors to the reservojr

estimate,, do you have those factors, those figures?

A I do.

Q Would you correlate those cost factors for us to the
reservoir estimate, and particularly with reference tc the
Pennsylivauian well, the possible use of 5 1/2 inch casing, 7
inch casing, and two strings of tubing, please.

A All right, sir. We have several chcices to recover
this Pennyslvanian olil. We veuld drill for the Pennsylvanian
oil. To drill a straight up Pennsylvanian well, it is estimated
to cost two hundred forty thousand dollars. The reserve indicatd
by the State "A" No. 1 Forest well in the Pennsylvanian is
worth twenty-two thousand eight hundred and thirty-eight dollars.

That would result in a loss of, to Forest, of two hundred seventeeg

thousand; ohe hundred sixty-two dollars. Itlis hardly worthwhile..

We could project a Pennsylvanlian well and Wolfcamp dual using
7 inch pipe. two strings of tubing, which would cost us én additio
sixty-~four thousand dollars above the cost of drilling to the Wolf
camp and abandoning the Pennsylvanian.

Q Plus, in good field practices, rimming it up above?

A Right, we would have to determine; before we started
drilliing the well, that we would drill holes large enough to
accommodate the 7 inch pipe which would accommodate the two string
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of tubing. ~

Q Excuse me right there, Mr. Parbley, aé I understand
you, had ydﬁ been able to foresee this and had used the larger
hole originally, and used a 7 inch, it still would have cost
you sixty-four thousand dollars more on the 7 inch two strings
than 1t does on the proposed method to recover the 0112

A No, sir, it would cost us sixty-four thousand doliars
more to obtain Pennsylvanian production.

Q That's what I mean, sir, and you get fwenty-two --

A Below the Wolfcamp. :

Q@ All right, go ahead, sir.

A Subtracting the value of the Pennsylvanian oll from
the sixty-fbur thousand dollars that it takes td get 1t, 1t resulgs
in a loss to Forest of forty-one thousand one hﬁndred sixty-two
dollars. We can recover the Pennsylvanian oil by dually completihg
the Wolfcamp and Pennsylvanian using 5 1/2 inch casing and one

string of tubing in our present completion for a cost, an additiopal

W

cost of thirty-two thousand dollars above that‘épent to get to th
Wolfcamp. In other words, thirty-two thousand dollars additional
to place the Pennsylvgnian on production after ;e have reached
the Wolfeamp. Subtracting the value of the Penpsylvanian oil
from the thirty-two thousand dollars still results in a loss
of ninety one hundred and sixty-two dollars.

Q@ So if you take the initial method of drilling a twin

well to the Pennsylvanian, it would cost two hundred twenty thousand
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dollars to get this twenty-three thousand. If you had been able

to anticipate it and used 7 inch with iwo strings, it would cost
you sixty-four thousand dollars extra to get this twenty-three,
and if you use 1t on the present or proposed method, 1t wilil
cost you about thirty-one thousand to get the twenty-three
thousand?

A Yes, sir.

Q Now, the question has been asked previously about
pumps. Are there economlic factors in placing one or more of
them on the pump?

A Yes, sir. On the type recovery mechanism that we
bellieve we have in the Pennsylvanian; that 1s, solution gas
drive recovery, a well with an initial adequate capacity to produd
like we have does not normally require pumping until later in
the stages of depletion. That 1s because as the well 1is depleted,
the gas-oll ratio increases,lightening the fluid column, making
the well -- although the reservoir pressure is going down, the
fluid column flowing through the casing, tubing, is lighter, and
is not a severe pumping problem. Iate in the life of a solution
gas drive field, the ratios come down, and at that time it 1is
common to instigate pumping for that particular well. However,

in a reservolr as small as thls one is, the amount of oll to be

recovered at that late stage of depletion 1is insignificant, usua%ly

in the order of five percent of your reserve remains, and five

. percent _of our ten thousand barrels of oil is hardly worth placing

e
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the well on the pump.

Q@ So you would not anticipate ever placing the Pennsylvan
well on the pump based on your reservoir estimates?

A No, sir.

Q Now, in the event the Wolfcamp would have to go on the
pump in later years, would you still be producing from the
Pennsylvanian?

A No, sir. If our estimates are correct, the Pennsylvani
wilil be depleted shortly.

Q Do<you mean in a matter of months?

A Yes, sir, 1: it continues at t;p allowables, it would
only be a month, however, it probably won't.

Q It is a relative short iife equivalent?

A Yes.

Q Have you encountered any water problems in the subject
well, or have the other Seaman wells encountered water problems?

A No, sir.

Q Noﬁ, are there any other wells near the subject
well in the two pocls on the pump?

A In the Wolfcamp, yes, sir.

Q There is none in the Seaman Pennsylvanian?

A No, sir.

Q@ Now, in the Wolfcamp, are there any?

A

Yes, sir, there are two wells out of a total of twenty-

ﬂ‘_pwpiqe}}§m}p the Kemnitz Wolfcamp fleld. One of those wells is

lan
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the Seaman unit, Sinclair Seaman”uﬁit well No. 2, located in
Section 19. The other well is the Shell "WD'" No. 1 located
in Section 29.

Q Now, do you know why théy are on the pump?

A Yes, sir, I have an opinion.

Q All right, sir, what isithat opinion?

A The Shell well is fairly low structurally in the Wolf-
camp. The Shell penetratéd the knéwn estimated oil contact of
minus 6670, and actually perforate§ into the water. Shell tried
to squeeze off the zones in the wa?er, but were nof successful.
The well continuous to make water,aand their problem is water
production, 1ifting the water. |

| Q So that's the réason foﬁ Shell's well being on the
pumrp?
'A Yes, sir.

Q How about Sinclair's No. 2 well that you mentioned
before?

A Sinclair's well had a véry thin section of wOlfcaﬁp.
It is not a normal Wolfcamp well. EIt has been a marginal well

from the beginning, and it happens?to be one of the wells that

W

doces not have adequate capacity to’ flow. It needs help, therefor
it is pumped.
Q Now, those are the only two wells on the pump in the

area in question?

A Yes, slr.
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Q Now, could you give us a short sammary Of the economic

problems in the instant well, or subject well, and any future
development of wells of this type in this Seaman Pennsylvanian
area, and your economic problems involved?

A Well, apparently, we have made a mistake in our well.
The Pennsylvanian wasn't worth 1it, so we apparently will lose
money, however, that does not altogether condemn the area as far
as Pennsylvanian is concerned, since Sinclair's Seaman unit
No. 1 is a good Pennsylvanian well. If we could get wells like
that, we want to explore for them. However, with the poor per-
formance of the majority of the wells staring us on the face. vou
have to use some costs, and you want to do it the most economically
manner possible, consistent with good production practices. We
would like to -~ another point, we belleve the Wolfcamp is
economic, we want to develop our leases, and we,occasionally
we want to, when we have geologlc reason, we want to test the
Pehnsylvanian, but we do not want to start every well as a potentip
elaborate dual Wolfcamp Pennsylvanian, we want to be able to
place our Wolfcamp on production in the genersal accépted manner,
and explore for the better Pennsylvanian reservoirs;

@ In your opinion, is it economically sound to commencs
a project to project it to the Pennsylvanian in this area and
to know that you are going to have to dual it in the Wolfcamp and
Pennsylvanian if you get 1t. Do you feel that 1s economically

sounql‘based on the other Seaman Pennsylvanian wells? .
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A" The majority of the wells, no. There is one hope that |

we can find. The reservoirs are small, but they are of different
size, of course. Apparently, Sinclair found a better one, and !
we hope to f;nd something 1like that, but we have no assurances
of it. | |

ri Q@ Do you feel that a requirement on your company or any

other company in the area to expend more than the additional

thirty or thirty-two thousand dollars to test to the Pennsylvanian,

is that an economic requirement? Economically speaking, can you o
meet such a reqﬁirenent?

A It is not sound.

Q It is not sound? A No.

Q I have one or two other questions, Mr. Parsley, in the

event thls application is denied, what would you recommend the
Forest Oil Corporation do concerning future development 1n this
area with relation to Pennsylvanlan Wolfcamp tests?

A I would fecommend in our first well, that we abandon
the Pennsylvaﬁian and protect ourselves in the Wolfcamp, and that
there would be no economical justification to continue to
explore for Pennsyivanian reservoirs in this area.

MR. CHRISTY: That's all,

MR. UTZ: Are there any questions of the witness?
MR. COOLEY: I have some.

MR, UTZ: Mr. Cooley.

CROSS EXAMINATION
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8Y: MR, COOLEY:

Q Is your name Mr. Parsley?

A Yes, sir.

Q Mr. Parsley, it is possible, is it not, to deplete
the Pennsylvaniah zone with your present completion and then
plug back to the Wolfcamp and produce that zone through a single
comﬁletion?

A Yes,

Q@ The only obstacle to this procedure being that there
is a possibility that you might be drained by the offset wells,
especially the Tennessee Transmission Compény's "B" State Kemnitz

Well No. 37

A In the Wolfcamp, yes, sir.

Q That 1s the moving reason here, is it not, everybody
saying they got to plug back to protect themselves in the Wolf-
camp, if they want to produce this way?

A Yes, sir.

Q@ Now, having assumed that drainage 1is occurring, can
you tell me how far it is between those two wells?

A One half mile.

Q As a reservoir engineer and being famillar with the
Wolfcamp reservoir, that well will drain a radius of one half

mile? A Yes, sir.

Q A radius of one half mile --

Aw Yes{vsirﬁn
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.MK—wieé; sir.v

Q@ --to any great degre;;d.
Q@ How long has the Pennsylvanian well been producing?
A Several months.

Q@ A&ny oi1l that they have -- assuming there is drainage,

any oil that they have drained 1s lost as of now, isn't that rignt,

anything they have drained from you is forever lost to you?

A Right.

Q@ What do you estimate the remaining life of the Pennsylvyaniar
pool is? A Pennsylvanian?

Q@ Did you say that if it produced at top alliowable, it
would be gone in one month, or certainly in less than six
months? A Yes.

Q@ Less than three months?

A About three months.

@ About three montha. Do you ha&e initial pressures
[ on the Wolfcamp zone in your well?
A Yes, sir.
q' : Q »Have you ever taken drill stem pressure tests? Do
you have pressures on that well? A Yes.

Q@ Have you ever taken any subsequent pressure --

A No, sir,.

Q@ Would it not be possible, by taking subsequent pressures

on it, to determine if any communication does exist between that

well and any other well?

e have proves.

A Tt would be. I think our pressure that.
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Q Well, the pressure as you pointed ouwt a moment ago,

your initial pressure and the amount of oil that is in the reservéir
and in your tank at the fime you completed this is all you are g
entitled to, and if somebody veside you drained it out from you,
it is too léte to get that.

A I suppose we lost that.

Q You lost that as a matter of a race in drilling. The
only drainage we are talking abuut 1s the one between the present
A time, and not what is benind because thabt is 1ozt forsver, =o
the only thing we can prevent in the way of drainage, is the
drainage thatmight occur at the present time, and at the time
the Pennsylvanian is depleted, and such time as you could plug
back and commence production from the Wolfcamp to create your
zone of low pressure, and thus try to offset the drainage problem
that is occurring, if there is one?

A That's right, future drainage.

Q Puture drainage is all you can prevent, you can't
prevent the past drainage? A That's right.

Q@ You have a three month period in which you estimate ~-

A Approximately that. We hope we are wrong; we hope

the Pennsylvanian is a little better.

€ Well, that's what they are paying for, your expert

opinion as to how much longer it 1s going to produce, and we also.

accepted your qualifications as an expert witness and accepted that




T Lhese F‘géfeSAafé“ﬁféﬁty close to Qorheéﬂ;”séﬂjéﬁ hé&e, Podghly,“
a three month period over whicn drainage could occur, if there i
% ia any at all. Now, won't the drainage denger ve Increased if |
the well would be 660 feet? Your offset well could be as near as

&80 feet under the rules, and the drainagé would be greater, would

it not, the nearer you are to an offset well?

A Slightly.

@ You think the gradient 1s very slight between the outer
most boundary of a drainage radius of a well than out near the
well bore? 1Isn't it a rather constant gradient?

A As far as depletion is céncerned.

Q Would it not be possible to take pressure readings on
your Wolfcamp zone at the present time and teil whether there has
been any material decline in pressures between the time the well
was completed and the time of the test?

A Mechanically possible,

Q@ Would it be feasible economically, and would the result
be worth it if you took such tests? Could you anticipate what
quality of o0il had been drained, or to what extent it is being
drained, or whether the cost of --

A Ve could watch our pressure go down.

¢ And would the cost of such tests be prohibitive? How
expensive are they, to take a pressure reading on this Wolfcamp

zone as you are presently completed?

A 1 don®t know how much it would cost.

36




“MR. COOLEY: Can any of your wilicssce estimate that |

cost?
MR. CLARK: About seventy-five dollars.

A Seventy-five dollars for the pressure test. It would
cost us an additional one hundred seventy-five.

Q@ (By Mr. Cooley) It would cost you about two hundred
dollars?

A Two hundred‘dollars to get the pressure.

Q Wouldn't that be worthwhile . infommation, to find out

whether you are in fact being drained or not, or whether you

could continue to produce this Wolfcamp or this Pennsylvanian zone?

A Well, it would be interesting, but I feel that it would
be academic.

Q Do you feel there will be absolutely no lossin recovery
a3 a result of casing flow of water from the Wolfcamp zone?

A Ultimate recovery from the field will not be decreased.

Q@ Not in the slightestf

A If you are talking about --

Q I am talking about your particular well now, your
particular completion. Do you think that the recovery would be
exactly the same amount tnrough casing even though there is going
to be a loss in reservoir energy?

A Well, that particular well will be a single Wolfcamp

completion at depletion. Six months estimate.

Q What I was trying to get was a comparison between any




lbés,vifnﬁhere bé ohé, as>a'résult of casing flow, and what alﬁ
you might lose as a result of drainage if you contine to produ?e
from the Wolfcamp during the next three months period.
A We will lose three months of Wolfcamp production, if
it is three months.

@ Even without any pressure information, subsequent
pressure tests, you are absolutely positivé that you are beingé
drained by this well one half mile away? v

A Yes, sir, we have a 1little information on that. V'I‘h?é
estimated original pressure in the Kemnitz Wolfcamp was thirty%
seven hundred and eighty pounds, according to prior tests, and?we
measiured tie pfgaaure‘cf tiie Forest Stale "A" No. 1 by driil
stem test and found it to be thirty-two hundred and eleven pouﬁds.
That was in December of '57. A field wide pressure test in thé
Kemnitz Wolfcamp indicated an average reservoir pressufe of thé
built up wells to be approximately thirty-one hundred and ten |
pounds,

Q When was that field wide test taken?

A From December the lst to the 4th, 1957.

Q And the thirty-two eleven test?

A Sir?

Q The thirty-two hundred eleven test, your drill stemé

test, when was that taken?

A December the 25th, 1957.

---Q Is this thirty-two eleven dpri] stemwgygg»of_pestigg_




comparable with ghe method used on this thirty-seven hundred
eighty pounds original rressure of the drill stem test?

A I really don't now. Temnessee Gas testified to that

pressure,

Q Could the method of testing, the type of testing, whetﬂer

it be drill stem test or some other type, cause some variation?

A Yes.

Q Could it account for that month for the trive hundred
pounds ?

‘A I don't think so,.

Q Do you know what other initial pressures of wells in
approximately the same point in time as yow State”A" well, what
pressures weré found in those wells?

A No, I don't

Q The reason I ask this question at this point is that
if the fleldwide pressure had fallen from thirty-two eleven, which
we will say was the true fieldwide pressure of your pool at the
ﬁime you drilled, then apparently there had been some dralnage,
but whatever is gone is gone.and forever lost to your company,
and through no fault of anyone but your company's, assuming that
they didn't drill quick enough.

A That's right, when we had information to drill.

Q And the interval I am particularly interested in and

which we have no information on is what pressure drop you have

gqf§§§§q~pgtween the date of completion and the present time.

iy
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A Yes, sir.

Q You don't feel you would be willing to take such
tests?

A If 1t would help this hearing, surely would. I don't
know, it is not for me to say. 1 could recommend it one way or
the other.

Q@ The only position we can take in that regard, sir, is
that we won't require such a test in comnection with this, and
we don't intend to try to compell you to take such a test, but
1f your company dnes sometime in the future take such a tost,
we would like to be informed of the results.

A Yes.

MR. CHRISTY: 1If a test is taken, we will certainly
submit it.

MR. COOLEY: That's all the question I have. Thank
you very much.

MR. UTZ: Any other questions of the witness?

MR. CHRISTY: If there is no other question, I have
one or itwo.

REDIRBCT EXAMINATION

BY: MR. CHRISTY:

Q@ Now, Mr.’Parsley, Mr. Cooley mentioned to you several
times drainage by the Tennessee Gas and mentioned correctly that

the two wells were approximately one half mile away, but as a matt

~of fact, isn't it less, the Forest lease is closer than one half |

rexr




Tmiler 77 77T A Yes, sir.

QG Now, secondly, he mentioned the drainage by the
Tennessee well to the east. Now, does the reduction in pressure
from production throughout the whole fleld.cause an ultimate
loss of recovery to your well?

A Yes, sir.

Q The pressure in the pool is what I have relation to,
that type of drainage as distinguished from actual oil moving
drainage, would you explain that pressure?

A I think this is 2 continuous Wolfcamp reservoir.

Q Excuse me, but I belleve your pressure, when you com-
pleted your well, was the same as the field pressure?

A Approximately.

Q Approximately the same. Doesn't that indicate that that
is one continuous pool? A Yes, sir.

Q All right, sir, go ahead. QOur well in this reservoir +

9l

As 0il 1= taken out, we share in the reservoir oil, or do not share,

as our well is completed or not completed.

Q Now, also, the reduction in pressure in the fieid aé
such will reduce your ultimafte recovery at the end of the recovery
period, wouldn't 1t? A Our well?

Q@ Yes, sir, in addition to the oil migration which Mr.
Cooley has mentioned, there will be a reduction of pressure in
the pool as a consequence, and there again you will not be able

to make as much recovery oil because of the lower pressure

e amrsu sy




will suffer at the end of the reservoir --

K Right. i T 1
Q@ So there is two losses of dralnage, one by oil migrati?n
and one by pressure loss in the pool? A Yes, sir.

Q One which you suffer immedlately and one which you

A Yes, sir, we lose oil from our No. 1 well by not havin%
it on production in this reservoir,
Q Bothifrsmoil movement and from reduction in pressure?

.

A c€5, Sir.

"

Q And it does not take as much time to produce it while
the reservolr is sufficient to get it out of there?

A Yes, sir.

Q Now, you mentioned this three months period in the
Pennsylvanian, and I believe Mr. Cooley kept speaking of three

months. Did you say an estimate of three months to six months?

A Yes, sir. Now, our well continuous to make top allowable,

and one estimate would be twenty a month, if it continuous to
make top allowable, and we don't think it will decline.

Q So it will probably be three to six months?

A Yes.

Q@ And I believe you completed the well some two months
ago in the Wolfcamp, so you have already lost twe months of oil
migration, drainage, subsequent to your date of completion?

A  True.

& And the only way we are going to tell whether it is thﬁee




months, six months, or seven months in the Pennsylvanian is to
produce it out of there? A Yes, sir.
Q We could make a reasonable estimate of three to six

months, and that is the best we can do right now?
A Yes, sir. |

H@. CHRISTYf That's all.

MR. UTZ: 1Is there any further questions of the witness

MR. COOLEY: I have one more question. |

RECROSS EXAMINATION

A - }

. sevw o~ .
¢ DY, Fn. COOLEY:

Q What do you estimate the life of the Wolfcamp pool
to be, sir? What do you estimate the producing 1life of the

Kemnitz Wolfcamp pool to be?

A Seven to ten years. I really have no -- The only thing

I can base that on is the comparison to the Townsend. The

Townsend has been on production approximately six years, I believd.

Their performance history indicates they are well along in fheir
depletion cycle.

Q There wouldn't be any physical obstacle, would there,
in depleting and going back up after ten years to --

A No, sir, no physical obstacle.

Q I believe you said twenty-two thousand dollars out

of it would be worth --

A Very little.

Q_About zero ten years from now. e

?




A We would have quite an investment tied up.

Q It affects the economic 1life of your well?
A Yes. \
MR. COOLEY: Thank you.
MR. CHRISTY: One last question.
REDIRECT EXAMINATION
BY: MR. CHRISTY:
Q This thirty-two thousand that it has cost you to go

to the Pennsylvanian in your present method, if you shut in

your Pennsylvanian and produce from the Wolfcamp for ten years

and then go back to the Pennsylvanian, you have had your tnirvy-
two thousand sitting in the hole for ten years:
A Yes.

MR. CHIRSTY: That is all.

MR. NUTTER: You have spent that thirty-two thousand
dollars whether you get anything out of the Pennsylvanian or
not?

A Yes.

‘MR. UTZ: Are.there any more questions? If hot, the
witness maybe excused.

(Wwitress excused.)

MR. CHRISTY: We have no other witnesses for the
Applicant.

I would like to mention, in summary, One or two items.

>§9 §p§‘§;§§t plggg{aip_is very obvious that the well 1s being

- ‘. e




drained in the Wolfcamp, and unless
Wolfcamp, the State of New Mexico is going to losge money and we
are going to louse money, and our correlative rights will be
viclated as well as tre State's, so No. 1, we have to produce
in the Wolfcamp and in the Pennsylvanian, which we believe that
the evlidence has developed that there are small Stratigraphic
traps and that there is no drainage.

We have not asked for this dual completion based on
drainage on the Pennsylvanian, but on the fact that there is such
a small amount of recoverable oil in the Pennsylvanian that
the only method that we can economically employ to recovery
that oil is by the proposed type of dual completion.

We realize and recognize that the Commission noramlly
likes and requires 7 inch two strings of tubing, byt economically
that is Jjust infeasibie. We might as well throw the o0il away,
as to try to do it that way in this instance. If we got such
a well as the Sinclair, that might be a different’story, but we
Just don't have 1t., It is economically unsound to twin the
well for two hundred forty thousand dollars. We can't physically
do it in the 7 inch two strings of tubing manner Without having

to rig out the hole, and if we did that, we might as wel}l twin

it and spend thirty thousand dollars, so again, it in economically

infeasible. 1t is physically impossible to run ineh and a nair

%

it 1is pfbaucedlfrbm thgu

tubing in there for two strings, but again, this Commission feels

~that that 1s poor conservation practice, and has An another case |
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rejected it, so 1t appears to us that the only sound meth&& to
allow the recovery of the Penngylvanian oil in the State of New

Mexico, is to allow us to dual complete this with a small string,

with five and a half inch casing. That will allow us to reccver

out fair and just sharz of the oil in the Pgnnsylvanian, and it

will allow the State of New Mexico to recover its royalty in the

Pennsylvanian oil, which is for other intents and purposes lost.
The dual completion method has been tested as a sound

method and has been used in Texas, Louisiana and Mississippi,

1 believe, for many years.

In the final analysis, unless some type of dual completioi

[

along this line is allowed in these isolated instances, when

you run into small tanks of this nature, like the Pennsylvanian's|

the effect of it is that the Producers and the operators arpe
Just economically not going to be able to test for these small
stratigraphic ¢raps, they are just not going to waste the tipe
putting in two hundred forty thousand or two hundred and eighty
thousand dollars with a very Véry minimum chance of getting one

of these small stratigraphic traps, so as a consequence, they

have to go on and drill for the known producers in the Wolfcamp
and take a gamble for thirty thousand, and hope that they might
get a Sinclair, but if they don't, they might get a Penrose, put
the odds against them are toc fantastic for them to expend two

hundred and forty thousand dollars as an additional investment .

mum_ThaL1s«all~meuhax3L,mm.mmuuh<w“ e




.0of all wells on applicant's lease and all offset wells on offsct

tion in this case.

questions of any of your witnesses for reasons that they are

purely legal, and I am not going to make a statement to the comiission

with regard to one facet of this case, but if you will refer to
Rule 112-A of the New Mexico 0il Conservation Commission ‘Rules

and Regulations, Rule 112-A states:

<

(a) The dual completion of any well may be permitted onlj

by order of the Commission upon hearing, except as noted by

Paragraph (c) of this mle.

Rule (c¢) Is not applicable to this case. Then, Paragraph
(b) states:

(b) The application for such hearing shall pe submitted

in triplicate and shall include an exhibit showing the location

leases, and shall set forth all material facts on the common
sources of supply involved, and the manner and method of completidn
proposed.
And I might emphasize the last word of that Rule, "proposéed'.
It has been the gommon understanding that it is not only not
permissible, but 1t is against the Rules and Regulations of this
Commission to dual complete a well prior to seeking the Commissioh's
approval, thus the expenditure by your client, Forest 0il Cor-
poration, of these additional monies in completing this well

without any authority whatsoever, will not be taken into considera-

VPR, S

MK. COOLEY: Mr. Christy, I have reserved asking these




MR. UHRISTY: That is perfectly Satisfactory.

MR. COOLEY: It will be considered as if it were a
proposed dual completion. The fact that you spent your money
will not be considered in any fashion.

MR. CHRISTY: It is perfectly satisfactory. We are
broducing only from the Pennsylvanian, we have never attempted to
dual compiete it,

MR. COOLEY: I realize that, but they have eouipped thif
well as a dual completion, and now the arguments are being made
that the Commission should take into consideration the expenditure
which they have made to dually complete this well.

MR. CHRISTY: The expenditure of thirty-two hundred
dollars includes the drilling, that is my understanding, so that
about seventeen thousand of 1t relates to the completion, so I
agree with the Commission. You might not wish to take into con-
sideration the seventeen thousand for completion, but I do not agr+
that you should not take into consideration the fifteen thousand
for drilling to the Pennsylvanian in making the test.

| MR. COOLEY: That is a touchy question, Mr. Christy.
When you drill through two zones the well which you anticipate
producing, you have Lwo courses of action which you may take;
one being producing singly and keeping one shut in until the other

is depleted, and the other being dual completion. Now, 1if you

drill this in anticipation of dual completion, I don't know whay,

the circumstances are.

W Me e
5-9516
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MR, CHRISTY: I believe the testimony was that it was |
drilled as a Wolfcamp test, and that at the point of the Wolfcamp
1t was feared that they would have 2 dry hole, and then they went
on down to the Pennsylvanian. There was never ﬁany drilling
program of dual completion initially, even though it was a wolf-
camp test, but I follow the Commission's argument on this seven-
teen thousand dollars.
MR. COOLEY: That is the only point I wented to raise
jn regard to the legal facets of this case. That's all.
MR. UTZ: Mr. Christy, did you offer your exhibits?

MR CHRTSTY: We would like in evidence Exhibits 4

through 7 inclusive.
MR. UTZ: Is there any objection to the entrance of
those exhibits? If not, they will be accepted.

Are there any other statements in this case? Mr. Kellahi]
MR, KELLAHIN: Jason Kellahin, of Kellahin and Fox.
I would like to make a brief statement on behalf of Amerada
Petroleum Corporation.

Amerada Petroleum Corporation is not an operator in the
area involved in this application, and we realize that Forest
0il Company does have an economic problem at this stage of the
situation with which we have great sympathy, however, Amerada
does hold the premise that this case will open the door to future
applications and possibly future approval of this type of an oil-

oil dual, and we waht to go on record as being opposed Lo the
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“completion as proposed in this case. It 1s a type of completion
which has heretofore been denied approval by the Commission in-
a number of different cases, and Amerada does not feel at this
time that the Commission should open the door to this type of
completion. They do not feel it is efficient and effective, and
We urge the Commission to follow its present policy and deny this
application.

MR. UT2: Are there any other statements?

MR. COOLEY: If there are no other statements, I would

lilte to pring this up, I have an item I would like to bring up g

with Mr, Christy. Mr. Christy, I refer you to Forest 011 Corpora;

tion's letter of January 22nd, 1958 wherein they notify all the

offset operators of their intention to dually complete the State
"A" No. 1 well, which besbeen the subject of this hearing. 1In
the letter itself there 1s no mention of the mechanics of the

proposed dual completion. The enclosures which we ‘received attached

to this letter would apprise the operators of the fact that you
Proposed a casing for the flow of oil. The letter itself would

not, and I would like to know if -.

MR. CLARK: A schematic sketch was attached. They viere
aware of the fact that it was a conventional dual completion.

MR. CHRISTY: In answer to your question, Mr. cCooley,
a2 copy of Applicant's Exhibit No. 4 was furnished to all offset

operators in connection with that letter of the 22nd.

.. MR. COOLEY: Now, would you like to identify the 8ix

Deansig
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walvers?

MR. CHRISTY: We haven't previously offered to the
Commission waivers from the following offset operators: Tennesse%
Gas Trensmission Company, Humble 0il and Refining Company,
Phillips Petroleum Company, Cities Service 0Oil Company, Signal
0il and Gas Company, and Tidewater 0il1l Company, and we also have
one from Shell, which is érroneousiy shown on the map as being
an offset operator to the northeast. That is incorrect, it was
Sinclgir, as I mentioned a while ago to the Commission. Sinclair
has been nOtifiéd of »the hearing and was furnished a copy of the
application, and Applicant's Exhibit No. 4. I would like to
leave that.

MR. COOLEY: Do you want to identify that as an
exhibit?

MR. CHRISTY: Yes, as an exhibit. Those letters, or
waivers are marked as Applicant's Exhibit 8, which we ask the
admittance of.

MR. UTZ: 1Is there any obJlection to the entrance of
Applicant's Exhibit 8? 1If not, they will be accepted.

‘Are there any other statements in this case? If not, the

case will be taken under advisement and the hearing is adjourned.




STATE OF NEW MEXICO ) :
COUNTY OF BERNALILLO ; >

I, J. A. Trujillo, Court Reporter, do hereby certify that
the foregoing and attached Transcript of Proceedings before the
Hew Mexico 0il Conservation Commission was reported by me in
Stenotype and reducéd to typewritten transcript by me, and the
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~J
January 22, 1958
Mre Ae L, Porter, Director
“New Mlexlca Oll Conservation Commisslon
P. O. Box 871 : .
Sanfa Fe, New Mexico 4
Dear Sir: E
-‘ =
. In accardance with Rule 1203, this Is to request an Examiner
: Hearing for the purpose of consldering an =2rnlfcstion {or duai
‘ conpieticn of the Forest 0il Corporstion State "A" Noal, located
5 6€0' from the North Line and 660' from the East Line of Section 26, :
: Township |6 South, Range 33 East, NAPM, i
- Requesf is mede to dually complete in the wolfcamp {10,674'~
; 10,816") and Pennsylvanian (Cisco Seaman Lime |[,450%~1{,547') zones,
In accordance with Rule 112~A, a plat showing the location of i
all wells on this {ease, and all offset wells on offset [zases, and
@ diagrammatic sketch showing method and manner of completion are 4
atteched, i
Coples of this application along with a request for walver have
been forwarded to all offset operators, )
: “s vould fike the hearing to be held 2t your earliest convenience
at a place of your selection,

Until such time that a ruling Is mede at & hearing, we elect
to produce from the Penasylvanian zone, Proper forms for allowable
have been filed,

Very truly vyours,

FOREST OfL CORPCRATION

s

S e e T

G. C, Grf}?ingijssf. Div,
Production Superintendent

5CG:am
Zncls,
ccs  NMCCC
Forest
Offsat Cperators




FOREST OlL CORPORATION

Ty

LS s i esser o o veens
Jenuary 22, 1958

-

\/Tenmssu Gas Transmission Co, Sheti Oil Company
293 N. Llﬂa Po o. Box '957
Hobbs, New Mexico Hobbs, New Mexico
~ Humble Cit & Refining Co, \lslgnal 0} & Gas Company
P, C. Box 2347 1010 Ft, ~orth Nat'l, Bank Bldg,
Hobbs, New Mexico Ft, vorth, Texas
Pbinips Petroteum Co, \Jﬂd!\vahr Oli Company
> 208 No Turner P, O, Box 547
Hohhe  Mew Bavisen Hebhe, Mow Moxlcsc

N Cities Service 0il Co.
P, O, Box 97
Hobbs, New Mexico

- ‘ll'{}enﬂem:

A This is to advise that we have made application to the New Mexico
7 Q1 Conservation Commission to dually complete the Forest Ol Corporation
State “A™ No,l, located 660" from the North Line and 650' from the East
Line of Section 26, Township 16 South, Range 33 East, N.M,PM,

I Cormpletion, If approved, will be in the volfcamp and Pennsylvanlan
~{Cisco=Seaman Line) zONeS,

{n accordonce with New sexico O} Conservation Commission Ruile l'lz-A
8 copy of the sppiication for duzl compiletion is attached,

L This Jetter is written reguesting 2 waiver from your Company regerd—
~_ing the duasl completion of this well,

Very truly yours,

FOREST OfL CORPORATICH

; e £ LT
Tl s, S :
R

G, C. Grtfﬂng,,(sst. fy’vlsion
Productlon Superintendent

GCG: ap
£ncla
cc: New “exico 0] Conservation Cosmlission (3}




DIAGRAMMATIC SKETCH SHOWING DUAL COMPLETION INSTALLATION
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5 (/2" 0 17 & 20% N8O Cecing

~—1—-2 3/8" 00 4,70% EUE NSO Tubling

‘fop at 1U,0/U¢ ; 1
Vo 1 :
UPPER  Name: wol fcamp o Y , Perforated: 10,674'-1C,680,) 10,750«
ZONE : | 10,740, 10,750~10,756, 10,774~10,804,
t . 10,808-10,816,: o
Completion this zone: ! a
mp on is zone 011l | &

Flow through Casing Annulus
Bottom at: (1 {78

—

«—+4—Baker fod. "C" Tubing Resceptacle

L : ToTe | P.Sule Mod, "C2" Landing Nipple w/"CVE"
Separation Sleeve{Straight Thrulin place

k—Bake r Wod, "O" Production Packer @
Il,410"

’\ <41 174" 0D EU. Kobe Tubing
i

Top at: _ |],]78" 4 ; L
Casing set at )} 53]

. i t
Name: Pennsylvanian

i
}
J

1
LOWER ' DPEL/RSLEL

f ZONE - Perforated: 11,450%-11,455¢
I Completion this zone: O}l HE,4370=] 1,547
Flow Through Tubjing

Penetrated to: {1,592' Total depth: |],592°"
o P.3.T7.03 [1,557

/ Company: Forest Gll Corporation

Lease State MAN Well No. l

Field: temnl tz—Wol fcamp, Pennsylvenlian (Uncesignatsd)

Location: &20' N. Line, &G0' E, Line, Sec,26, TI65, R3IE

Date: _ Jenuary 23, [958
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OlL CONSERVATION COMMISSION
P. 0. BOX 871
SANTA FE, NEW MEXICO

Mw. 2, R. Chriaty. v
Hervey, Dow & Hinkle
P.Q. Box 5‘57

roswell, New Mexico
Dear ¥r. Christy:

On behalf of your client, Fcrest 0il Corporation, ve enclose
two copies of Crder R-1133 issued March lh, 1958, by the 011
Conservation Commission in Case 1383, which was heard on February
26th =t Santa Fe. ,

Very truly yours,

A. L. Porter, Jr.
Secretary - Director




BEFORE THE CIL CUNSLRVATION CLHHMISSION
OF THE STATE OF NEW MEXICO

MATTER OF THE HEARING
IN BY THE OJIL CQONSERVATION
CALIf3SICK CF THE STATE OF NEVW
Co FCR THE PURPOSE OF
MEXT(DERING :

CONS

’ CABE NO. 1383
Crdexr No. R-1138

_, fCATION OF FOREST OIL CORPORATION

* AW ORDER AUTHORIZING AN QIl~OIL

- FOR 'CQOMPLETION IN AN UNDESBIGNATED

- DUALSYLVANIAN OIL POOL AND THE WOLFCAMP
i TION ADJACENT TC THRE KEMNIT -

- JPO; POOL IN LEA COUNTY, NEW MEXICO,

i ORDER OF THE COMMISSION

i
AE_ COMMIBS ION : i
BT
I This cause came on for hearing at 9 o'clock a.r. on i

; ; 26, 1958, at Santa Fe, New Mexico, before Elvis A. Utx, |
| Febriner duly uppointod by the " New Mexico Oil Conservation _ ;

Examis~‘ >n, hereinafter referred to as the '"Commission," in ‘
- Comm dance with Tule 1214 of the Commission Rules and chulations.
L acco
MO¥, on this /& Zday of March, 1858, the Commission, a
pa being present, ving considered the applicut:lon, the '
| quorsnce adduced, and the recommendations of the Examiner, Elvis A.
! evid and being tully advised in the premises,
o Utw, ‘
‘ FINDS :

(1) That due public motice having been given as roqu:lred
v, the Commission has jurisdiction of this cause and the

by 1;ct matter thereof.

subj
{2) That the applicant, Forest Oil Corporation, is the
¢ and operator of an oil well known as the State "A" No. 1 Well,
owneted 680 feet from the North line and 6680 feet from the East
loca of Section 26, Township 16 South, Range 33 East, NMPM, lea
linety, Newv Mexico.

Coun v
(3) That oil production was encountered in the said

"A* Well No. 1 in the Wolfcamp formation adjacent to the
Statitz~%olfcamp Pool and in an undesignated Pennsylvanian Qil Pool.

Kemn

(4) That the applicant proposes to dually complete the
State "A'" No. 1 ¥ell in such a manner as to produce oil from |
saldpennsylvanian formation through 2 3/8 inch tubing and oil from
ithe golfcanp formation through the 5} x 2 3/8 casing-tubing ;
the jus.
annu




:_“2"‘
"Case No. 1383
'IOrder No. R~1138

|
f: (5) That the production of oil from the Wolfcamp

' formation through the casing-tubing amaulus would result in the
‘inefficient utilization of reservoir energy and that underground
wasite would be caused if the subject application were approved.

E {6) That the subject application should be denied.

IT IS THEREFORE ORDERED:

_ That the application of Forest O0il Coxrporation in Cuse
Ro. 1383 be and the same is bhereby Genied.

DONE at Santa Fe, New Mexico, on the day and year herein-
above designated.

STATE OF NEW FRXXCO
OIL CONSERVAYXON COMMISSION
< - “ ".’_\ ,

S
( ~r i) L =T

EDVWIN L. MECEEN, Chairman

LTI . . Fa

- Y Y-l R
: s T e (’ e
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WURRAY k. MORGAN, Member

; 7 /,) g

A. L. FOBTER ., Member & Secretary
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No. 5--58

DOCKET- EXAMINER HEARING FEBRUARY 26, 1958

0il Conservation Commission 9 a.m., Mabry Hall, State Capitol, Santa Fe,NM

The following cases will be heard before Elvis A. Utz, Examiner:

CASE 1382

CASE 1383:

CASE 1384:

CASE 1385:

CASE 1386

In the matter of the application of Buffalo 0Oil Company to
amend Order No, 821. Applicant, in the above-styled cause,
seeks an order amending Order No. 821 to permit simultaneous
production from tne Grayburg-San Andres pay of the Maljamar
Field from the Baish "A' Well No. 15 and Baish "A'" Well No.
21, located in the NE/4 of the SW/4 of Section 21, Township
17 South, Range 32 East, Lea County, New Mexico.

Application of Forest Oil Corporation for a dual completion,
Applicant, in the above-styled cause, seeks an order author-
izing the dual completion of its State "A' No. 1 Well located
660 feet from the North line and 660 feet from the East line
of Section 26, Township 16 South, Range 33 East, Lea County,
New Mexico, in such a manner as to permit the production of
0il from the Wolfcamp formation adjacent to the Kemnitz Wolf-
camp Pocl through the casing-tubing annulus, and to permit
the production ot oil from an undesignated PennsSyivanian oil
pool through the tubing.

In the matter of the application of Amerada Petroleum
Corporation for a dual completion. Applicant, in the above-
styled cause, seeks an order authorizing an oil-gas dual
completion for its State BTO No. 1 Well, located 990 feet
from the South line and 2310 feet from the East line of
Section 34, Township 11 South, Range 33 East, lea County,
New Mexico, in such a manner as to permit the production

of oil from the Bagley-Pennsylvanian (oil) Pool and the
production of gas from the Bagley-Lower Pennsylvanian Gas
Pool through parallel strings of tubing.

In the matter of the application of Gulf 0il Corporation for
permission to produce more than eight wells into a common
tank battery. Applicant, in the above-styled cause, seeks
an order granting permission to produce a maximum of sixteen
oil wells in the Eumont Gas Ponol into a common tank battery
on its Arnott-Ramsay 'D'" Lease comprising All of Section 33,
Townsbhip 21 South, Range 36 East, Lea County, New Mexico.

In the matter of the application of Shell 0il Company for
permission to commingle the production from two separate
leases. Applicant, in the above-styled cause, seeks an
order granting permission to commingle the producticn from
the following described leases in the Monument Pool:

Cooper "A'" Lease, NW/4 NE/4 Section 4;
Cooper "B" Lease, N/2 NW/4 and SW/4 NW/4 Section 4;

all in Township 20 South, Range 37 East, :Lea County, New
Mexico. Applicant proposes to allocate the individual lease
production on the basis of monthly well tests.

ARG e i

S
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CASE 1387:

CASE 1389:

ir/

In the matter of the application of Shell 0il Company for
permission to commingle the production from two separate
federal leases. Applicant, in the above-styled cause, seeks
an order granting permission to produce the following de-
scribed leases in the West Henshaw-Grayburg Pool into common
storage:

Taylor Federal lease consisting of lots 9. 10, & 11 of
Section 4;

Spencer Federal '"A'" lLease consisting of Lots 13, 14, 15
& 16 of Section 4;

all in Township 16 South, Range 30 East., Eddy County, New

'Mexico. Applicant proposes to continuously meter the

production from each lease.

In the matter of the application of E1 Paso Natural Gas
Products Company for an unorthodox gas well location.
Applicant, in the above-styled cause, seeks an order approv-
ing the unorthodox gas well location for its Chimney Rock
No. 1 Well located 1880 feet from the South line and 340
feet from the East line of Section 23, Township 31 North,
Range 17 West, in an undesignated Gallup gas pool in San
Juan County, New Mexico.

In the matter of the application of Skelly 0il Company for

an unorthodox o0il well location. Applicant, in the above-
styled cause, seeks an order approving the unorthodox oil
well location of its C. W. Roberts Well No. 3 located 1190
feet from the Scouth line and 1450 feet from the East line of
Section 18, Township 25 North, Range 3 West, in an undesigna-
ted Dakota oil pool in Rio Arriba County, New Mexico.
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HERVEY, Dow & HINKLE

J MOHERVEY (B74.,G5

FIRA M DGW

CLARENCE E HiNKLE HINKLE BUILOING

W E BONDURANT, UR

CEORGT H. HULNRER, JR ROSWELL

HOWARD C BRATTON 'NEW Mexico T

B eHRE Ty :L:FNSNE MAIN 2-6510

LEWiE ¢ Con . _ N - 03Y OFFiCeE BOx 547
- February 20, 1978.

PAUL W, EATON. JR
rROBERT C.BLEOSOF

New Mexico 031 Conservaticn Commission,
Mabrey Hall,

State Capital,

Santa Fe, New Mexico.

Attention: Mr. Pete Porter, Secretary.
Re: O0.C.C. Case No. 1383

Forest 0il Corpocration
Our No, 121-%

Dear r. Porter:!

Confirming our telephone conversation of February
1G, it would e appreciated if you would ask Examiner
Utz to call the abkewe zaocs oul ol order towards the end
of the Hearing to be held on February 26, 1958; the docket
indicates that only eight cases are to be heard, and there-
fore, I assume that even if the case is heard last it will
be in the early afternocon.

This privilege will be greatly appreciated and it
will facilitate our preparation for the Hearing.

Appreciating your assistance, we are
Yours very truly,

HERVEY, DOV & HINKLE

By

SBC/ki
cc - Forest 01l Corporation,
Box 4106,

Odessa, Texas.
cc - Forest Qil Corporation,
1200 Milam Building,
San Antonio, Texas.
Attention: WMr. H. J. Varner,.
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Forest 01} Corporastion
Py Oo Box 4106
Odesss, Tenss
Aftnr Mr, Ji R, vright, Division
Production Superintendent
Dser Sir: ’
This Is to scknowledge receipt of your lefter of _Jonuary 22, 1958

sdvising that you contempiate duaity compieiing Forest OJ1
Corparstion State "A" .ell No.l, located In Sectlion 26,
Township 16 South, Range 33, Nh.i'.M., Les County, New Mexico,

in agcordance with your request, ve wish to advise that we
walve any objection regarding the dual completion of this well,
i¢ done In the accordance with all rules and reguiations of the
011 Conservation Commission of New Nexlico,

/af Cf:g

cct  New Wexlco Ol Conservation Commission / 7 '
Santa Fe, New Mexleo

New #exico Gl Conservation Comnission
Hobbs, New mexlico

Recelved from Shell 0il Company
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NEwW MEXICO
OI1L CONSERVATION COMMISSION
P. O, Box 87!
Santa Fe, New Mexico

Forest 0il Corporation Date  ymps, 19
P.C. Box 4106
Odessa, Texas

ATTENTION: G. C. Griffing

Gentlemen:

Your application for_.pnmislinn to dually coglispe— State *A" No, ]

» ” .
+ DAL S [LASL, NI L8 ~ 0

v)e . QWN3O1L)

has been recived ancA has been tentatively

dated
scheduled for hearing ﬁfore an examiner on
FPabruary 26, 1958 : :

A copy of the docket will be forwarded to youssina s the rmatter is
advertised. ’

Very truly yous,

eranll

A. L. PORTER, I,
Secretary-~Director

ga
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BEFORE THE OIL CONSERVATION COMMISSION
OF THE STATE OF NEW MEXICO

IN THE MATTER OF THE HEARING
CALLED BY THE CIL CORSERVATION
COMMISSION OF THE STATE OF NEW
MEXICO FOR THE PURPOSE OF
CONSIDERING:

( CASE NO. 1253
( CASE NO. 1254
Order No. R-1011

Consolidated

APPLICATION OF SINCLAGR OTL AND GAS
COMPANY FOR AN ORDER CREATING A NEW
OIL POOL FOR PRODUCTION FROM THE
ENTIRE WOLFCAMP FORMATION UNDERLYING

p SECTIONS 13, 24, AND 25, TOWNSHIP 16
SOUTH, RANGE 33 EAST, AND SECTIONS 16,
17, 18, 19, 20, 21, 28, 29, AND 30,
TOWNSHIP 16 SOUTH, RANGE 34 EAST, NMPM,
LEA COUNIY, NEW MEXICO, AND FOK THE
ESTABLISHMENT OF 80-ACRE WELL SPACING
AND PRORATION ULNITS CONSISTING OF ANY
CONTIGUOUS 80 ACRES WITHIN A GIVEN
QUARTER SECTION WITH NO DESIGNATED
QUARTER-QUARTER SECTION IN WHICH A WELL
MUST BE DRILLED, AND FOR THE PROMULGATION
OF SPECIAL RULES AND REGULATIONS FOR SAID
POOL .

APPLICATION OF TENNESSEE GAS TRANSMISSION
COMPANY FOR AN ORDER CREATING A NEW OIL

POOL FOR LOWER WOLFCAMP PRODUCTION IN THE
KEMNITZ AREA EMBRACING SECTIONS 23, 24, 25,
26, 35, AND 36, TOWNSHIP 16 SOUTH, RANGE 33
EAST, AND SECTIONS 16, 17, 18, 19, 20, 21,

28, 29, 30, 31, 32, AND 33, TOWNSHIP 16

SOUTH, RANGE 34 EAST, NMPM, LEA COUNTY, NEW
MEXICO, AND FOR THE ESTABLISHMENT OF TEMPORARY
80-ACRE WELL SPACING AND PRORATION UNITS CON-
SISTING OF THE EAST OR WEST HALF OF EACH
QUARTER SECTION, WITH DRILLING LOCATIONS
LIMITED TO THE NORTHEAST QUARTER AND SOUTHWEST o
QUARTER OF EACH QUARTER SECTION, AND FOR THE
PROMULGATION OF TEMPORARY SPECIAL RULES AND
REGULATIONS FOR SAID POOL.

ORDER OF THE COMMISSION

BY THE COMMISSION:’

The ghunve-siyled causes came on for hearing at 9 o'clock a.m. on
May 16, 1957, ai Hohhs, New Mexico, before the 0il Conservation Commission
of New Mexico, hereinafter referred to as the '"Commission," whereupon said
causes wer:> consnlidzi>d for purpcses of hearing and order upcn the motion
of both of tne sbvoave-nemed applicants.
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CASE NO. 1253 )
CASE NO. 1254 )
Order No. R-1011

Consolidated

NOW, on this 31st. day of May, 1957, the Commission, a quorum
being present, having considered the applicaticns and the evidence
adduced, and being fully advised in the premises,

FINDS:

(1) That due public notice having been given as required by
law, the Commission has jurisdiction of the above-styled causes and the
subject matter thereof.

{2) That there is need for the creation of a new pool in Lea
County, New Mexico, for the prodvction of o0il from the Wolfcamp formation,
said pool to bear the designation Kemnitz-Wolfcamp Pool. Said Kemnitz-
¥olfcamp Pool was discovered by the Tennessee Gas Transmission Company,
State A. A. Kemnitz "A" Well No. 1, located in the NE/4 NE/4 Section 30,
Township 16 South, Range 34 East, NMPM, which well was completed December
9, 1956 with the top of the perforations at 10,742 feet.

(3) That the probable productive limits of the Kemnitz-Wolfcamp
Pool are as follows:

TOWNSHIP i6 SOUTH, RANGE 33 EAST, NMPM
Section 24; All
Section 25: All

TOWNSHIP 16 SOUTH, RANGE 34 EAST, NMPM
Sections 16 through Z1: AIl
Sections 28 through 30: All

(4)  That the vertical limits of the Kemnitz-Wolfcamp Pool
should comprise the entire Wolfcamp formation in order to permit the
production and common storage of all oil produced from said formation.

- . (5) That development of the subject common source of supply
indicates that it is possible that there are other productive zones in
the Wolfcamp formation in addition to the zone in the lower portion of
the formation from which the aforementioned Tennessee Gas Transmission
Company, State A. A. Kemnitz "A" No. 1 Well is presently producing.

(6) That underground waste might result if the other zones
referred to in Finding No. 5 are opened simultaneously with the known
productive zone discovered by the said Tennessee Gas Transmission Company,
State A. A. Kemnitz "A"™ No. 1 Well.

(7) That the geological and engineering data indicate that one
well will drain 80 acres in the Kemnitz-Wolfcamp Pool, and that said pool
should be developed on 80-acre drilling and proration units.

(8) That 80-acre drilling and proration units comprising the
east half or the west half of each quarter section, with well locations
restricted to the approximate conter of the NE/4 or the SW/4 thereof, will
provide the most orderly and efficient pattern of development for the
Kemnitz-Wol fcamp Pool.
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CASE NO. 1253 )

CASE NO. 1254 )Consolidated
Order No. R-1011

(9) That all wells completed in or drilling to the Kemnitz-
Wolfcamp Pool prior to the effective date of this order should be
excepted from the well location requirements set forth above.

(10) That any well which is completed in the Kemnitz-Wolfcamp
Pool and to which is dedicated less than 79 acres or more than 81 acres
should be granted an allowable in the proportion that the total number
of acres assigned to the well bears to° 80 acres.

(11) That the provisions of this order should be of a temporary
naturc. :n order to permit further study of the subject common source of

supply.
IT IS THEREFORE ORDERED:

(1) That the Kemnitz-Wolfcamp Pool be and the same is hereby
created, and that the vertical limits thereof shall consist of the entire -
Wolfcamp formation.

(2) That the horizontal limits of said Kemnitz-Wolicamp Pooi
shall be that area described in Exhibit "A" attached hereto and made a
part hereof.

IT IS FURTHER ORDERED:

That special pool rules applicable to the Kemnitz-Wolfcamp Pool
be and the same are hereby promulgated as follows:

SPECIAL RULES AND REGULATIONS FOR THE
KEMNITZ-WOLFCAMP POOL

IT IS ORDERED:

RULE 1. That any well drilled to or completed in the Wolfcamp
formation within one mile of the boundary of the Kemnitz-Wolfcamp Pool,
as it is now defined or may hereafter be defined, shall be located,
spaced, drilled, operated, and prorated in accordance with the rules and
regilations in effect in said Kemnitz-Wolfcamp Pool.

RULE 2. That 80-acre drilling and proration units be and the
same are hereby established for the Kemnitz-Wolfcamp Pool; further, that
any well projected to or completed in the Xemnitz~Wolfcamp Pool shall be
assigned a tract comprising the East half or the West half of a govern-
mental quarter section.

RULE 3. (a) That any well projected to or completed in the
Kemnitz-Wolfcamp Pool shall be located within 150 feet of the center of
either the Northeast quarter or the Southwest quarter of a governmental
quarter section.
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CASF NO, 1253 )
CASE NO. 1254 )
Order No. R-1011

Consolidated

(b) The Secretary of the Commission shall have
authority to grant exception to the requirements of Rule 3 (a) above
without notice and hearing where application has been filed in due form
and the necessity for the unorthodox location is based on topographical
conditions.

Applicants shall furnish all operators within a 1320-
foot radius of the subject well a copy of the application to the Com-
mission, and applicant shall include with his applicatior a list of names
and addresses of all operators within such radius, together with a stipula-
tion that proper notice lias been given said operators at the addresses
given. The Secretary of the Commission shall wait at least 20 days after
receipt of application before approving any such unorthodox location, and
shall approve such unorthodox location only in the absence of objection
by any offset operator. 1In the event an operator objects to the unortho-
dox location the Commission shall consider the matter only after proper
notice and hearing.

RULE 4. ‘ihat no well shall be opened to any other zone of the
Wolfcamp Tormation simultaneously with the productive zone in the lower
portion of the formation from which the Tennessee Gas Transmission Company,
State A. A. Kemnitz "A" No. 1 Well is presently producing until it has
been established, after notice and hearing, that the same can be accomplish-
ed without causing underground waste.

RULE 5. That any well which is completed in the Kemnitz-
Wolfcamp Pool and to which is dedicated less than 79 acres or more than
81 acres shall be granted an allowable in the proportion that the total
number of acres assigned to the well bears to BO acres.

RULE 6. That no well shall be assigned an allowable until
Commission Form C-128 has been filed with the Commission indicating that
either the East half or the West half of a governmental quarter section
has been dedicated to the well.

IT IS FURTHER ORDERED:

: That the provisions of this order shall become effective
1mmed1ate1y, with the exception of Rule 2, Rule 5, and Rule 6 of the
Special Rules and Regulations of the Kemnltz—Wolfcamp Pool, which three
rules shall become effective July 1, 1957.

Further, that these cases be reopened at the Commission monthly
hearing in November, 1558, to show cause why the Special Rules and
Regulations set forth herein should be continued beyond December 31, 1958.

DONE at Santa Fe, New Mexico, on the day and year hereinabove
designated.
STATE OF NEW MEXICO
OIL CONSERVATION COMMISSION

EDWIN L. MECHEM, Chairman
S EAL MURRAY T, MORGAN, Member
ir/ A. L. PORTER, Jr., Member & Secretary
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CASE NO. 12583 )

CASE No. 1254 ) Consolidated
Order No. R-1011

EXHIBIT "A"

Horizontal limits of the Kemnitz-Wolfcamp Pool:

TOWNSHIP 16 SOUTH, RANGE 33 EAST, NMDM ,
Section 24: ATl 3
Section 25: All : 7%

TOWNSHIP 16 SOUTH, RANGE 34 EAST, NMPM

Sections 16 through 21: AIT
Sections 28 through 30: All

s




BEFORE THE O1L CONSERVATION COMMISSION
OF THE STATE OF NEW MEXICO

IN THE MATTER OF THE HEARING
CALLED BY THE OIL CONSERVATION
COMMISSINN OF THE STATE OF NEW
MEXICO FOR THE PURPOSE OF

CONSIDERING:
' CASE NO. 1365
Order No. R-1126

APPLICATION OF CABOT CARBON COMPANY
FOR AN OIL-OIL DUAL COMPLETION IN THE
KING-DEVONIAN POOL AND KING-WOLFCAMP
POOL IN LEA COUNTY, NEW MEXICO.

ORDER OF THE COMMISSION

BY THE COMMISSION:

, This cause came on for hesring 2t € $'ciock a.m. on January 7,
19568, at Santa Fe, New Mexico, before Daniel S. Nutter, Examiner duly
appointed by the New Mexico 0il Conservation Commission, hereinafter
referred to as the "Commission,'" in accordance with Rule 1214 of the Com~
mission Rules and Regulations. :

NOW, on this 12th. day of February, 1958, the Commission, a
quorum being present, having considered the application, the evidence
adduced and the recommendations of the Examiner, Daniel S. Nutter, and
being fully advised in the premises,

FINDS:

(1) That due public notice having been given as required by law,
the Commission has jurisdiction of this cause and the subject matter
thereof.

(2) That the applicant, Cabot Carbon Company, is the owner and
operator of the H. L. Lowe "B'* Well No. 1, located 467 feet from the
South line and 850 feet from the East line of Section 26, Township 13
South, Range 37 East, NMPM, Lea County, New Mexico.

(3) That the said H. L. Lowe "B" Well No. 1, is presently
completed in and producing from the King-Devonian Pool.

(4) That the applicant proposes to dually complete the said
H. L. Lowe "B' Well No. 1 in such a manner as to permit the production
of 0il from the King-Devonian Pool and King-Wolfcamp Pool through parallel
strings of 1% inch tubing.

(5) That the applicant proposes to utilize gas-1ift in the
event either or both of the above-described producing horizons require
the use of artificial 1ift.

(6) That the use of 13 inch diameter tubing in the proposed
dual completion would impair the flow efficiency of both producing
horizons, thereby necessitating the premature use of arcificial 1lift
equipment.




~2.
Case No. 1365
Order No. R-1126

(7) That it would not be mechanically feasible to artificially
1ift the production from both zones simultaneously in the manner proposed
by the applicant.

(8) That the proposed dual completion would be impractical and
inefficient, and that the subject application should, therefore, be
denied.

IT IS THEREFORE ORDERED:

That the application of Cabot Carbon Company in Case No. 1365,
be and the same is hereby denied.

DONE at Santa Fe, New Mexico, on the day and year hereinabove

designated.

STATE OF NEW MEXICO

OIL CONSERVATION COMMISSION

"EDWIN L. MECHEM, Chairman

MURRAY E. MORGAN, Member

A. L. PORTER, Jr., Member & Secretary
SEAL
ir/
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FOREST OIL CORPORATION
State A" No, | Well Lea, N.M,
Production Tests

HOLE CANP

§ 2058 Casing flowed 96,55 B/F 25% fresh water In 3 hours on J/2"
choke w/slde~door tool in place. FCP 300# GOR 988/
Gravity 40,3 APl @ 60F Cumulative total 703,64 B/0

1-27-58 IE’EItﬁei;flal. Flowed 324479 B/0 no weter In 24 hours on
15/64" choke w/straight—thru tool In placeys FTP uSOl
CP 7508, GGR 1345/3, GCiavlty 21,52 APL & &0F
2-}-58 Flow 32,40 B/C In 6 hrs on 12.5/64% FTP-7008
2=-5-58 Flow 249,78 B/O in 24 hrs on J4,5/64% FTP-680#
2=6~58 Fiow (99,80 B/O In 24 hrs on 14,5/64" FTP-575
2-9=-58 Flow 264,65 B/0 In 24 hrs on 1/4" FTP-500#
2-12-58 Flow 203.8! B/0 In 24 hrs on |/4" FTP-4808
. SmldAoBR Flow 233,41 B/0 in 24 hrs on /74" FTP-5008
2-20=58 Flow 210,38 B/0 in 24 hrs on 174" FYP=-4008
| 2-2]-58 Flow 217,67 B/C in 24 hrs on 1/4" FTP-400# GOR-983/1

- 2=23-58 Flow 209,38 8/0 in 24 hrs on [/4% FTP-400#




$0=-21=57

10=22"7

10=23~-57
H=1=57

11-9-57
§2-}5-57
$2~17=-57

122557

§2-27=57
I~{0-58
-l 1=~58

" |=12~58

i-{5=58

l-{7-58

o bRIORE int )
FOREST CIL CRPURATICH 2 S OO SR A SN
SRS T, R A
State "A" No, | e BN R
Brief well History GASEL s ——

LOCATION: 660' from North & East Lines, Sece 26, T=lt-5 R~33-£ NMPM,
Les County, New Mexico
Spudded I7§" hole,

Set 13 3/8%, 400/ ft,, H-40 casing at 344', Cemented with 325 sx
reg. mneat cmt, Circulated to surface,

Tested casing, o4k,
Set 8 5/8%, 32/ft,, J=55 casing at 4526', Cemented with 24}5 sx

of 50/50 Pozmix, 2% gel, cmt, followed (%0 sx reg, neat cmt, DId
not circ, Tempe Survey found fop of cmt 2t 200' behind 8 5/8" csg,

Tested casing. 0.k,

wol fcamp eoﬁ 10,190 ~ 0,213,

wol fcamp core §0,2i3' - 0,240,

DST #§ Wo! fcamp 1c,67e* - 10,8]2!',

Tool open 2 hrs, GTS 33 min, Gas flow rate 97 MF/D, No

fluld to surface, ,
Reversed out 1000% O & G/C W.Cs and 350 HO & GCM, 90!
HO & GOW Under sub, )

ISiF - 3200 30 mine BH S|P = 325
IFP ~ 485

Wolfcamp core 10,8i2t - 0,837,
Penn, core |f,48]' - }},532',

DST ’2 PQM. .”‘36' - ll’532‘ .
Tool open 2 hrs, GTS 52 mIn, Gas fiow rate |07 MCF/D. No
fluld to surface,
Raversed out 2000' 03G/C W.Ce. and }800' si, MC ol} plus
250' O&G/C mud, Recovered sl, M/C oil & gas under sub,
ISIP = 4455 30 min BH SIP =~ 3445
IFF - §100 :
FFP - §9%85

Penn, core ll,532' - "’572‘0

DST #3 Pern, .1,52" - 'lp572.
Tool open | hr, Dead test,
Recovered 2000' 3|, OMG/C W.C. § qt, free oif on top ¥W.C.
Under sub: (00" s| O&6/CM 30! 04&6/CM
ISIP - 1305 30 min BH SIP - 3650#
{FP - 940 '
FFP - 960

Set 5 172 |78 & 208 N~BO csg, at [1,592', Cemented wlth 275 sx
4% gel cmt, followed by |50 sx reg. neat Tcl. cmt. Tempe. Survey
found top emt, at 9135!,

Perforated weC,: }0,674' - 10,680!
10,730% = [0,740"
10,750' = 10,754!
10,774 = 10,804
10,808' - 10,816

Penn: 11,450 - |]|,455"
11,4877 ~ 1,547
Set Boker Model "O" Prod, pkrs @ }1,410', Landad thg. on pkr,
wlith NoL.T. latch sub, Type "c=2" P.S5.14 Ripple, and baker tbg
receptacle,




{~{8-58

1-i9-58

b25-58
1=27-58

FOREST OIL CORIORATION

State "A" No, |
Brief well History

Page 2

Displaced mud w/weter, Ran "Side-door" tool.
Treated W,C, w/300 mys, & 6000 Jel x-100,

E=tabl ished flow & cleoned up, Ran “straight-thru® tooi,
Treated Penn, w/ 300 m,8. & 2000 Jel x-100, Established flow and
cleaned up,

Pkr, leskage test,
BHP 1824 hr stable, 3484 palg, at =7325 datum, Elev, 4184' D.F,

Pela tests, Left on (/74" choke @ 215 BOPD -

Bagin 96 hr Bottem hote bubld=up, - >~ 1o A

¢




] * NEM MEXICO
OI1 CONSERVATION COMMISSION

4-1-56
PACXER LEAKAGE TEST
Operator Forest Oil Corparatloen  Pool (Upper Completion)
Lease State “A" Well_1__Pool (Lower Completion)____Pennaytwanlesm
Location: Unit_4 , S._26 , T 168, 5% laa County, N. M,
Pre-Test Shut-In

Upper Completion Lower Completicn

Shut .in at (hour, date)......covvensrrorncssonooeas £0200 Al Im2imBB D300 AM Ja20efl—
Pressure stabilized at (hour, date)..veerriaenone s BIOQ A (2558 _B300-AM—te2b-i®——
Length of time required to stabilize (hours)......_Mat keown —___ Mot knowh—

Elow Test No, 1
Test commenced at (hour, date)_______ 10:00 Al (;28u58_ . Choke size_%___
Completion producing Pann. Completion shut-ir\___%
Upper Completion wer Comnletion
Stabilized pressure st beginning of test...... 1040, psi o DSt
Maximum pressure during test.......covvvveenns 1090 psi 728 psi
Minimum pressure during test.......eenevueeevs 10402 osi us. psi
Pressure at end of test....civencicrnnnennness 4080 _._.psi —328- psi
Maximum pressure change during test........ 18 ~81 . psi
0il1 flow rate during test:_299.8 BOPD based on__21,8% BC in 2 hours.
Gas flow rate during test: 408 _  MCFPD besed on_jggz, 0 _ _MCF in : heurs.
Mid-Test Shut-In ,
Uprer Comrletion Lower Comnletion
Shut-in at (hour, date).eeuveeeeerniraennns ........_melj_&ga__mm___
Pressure stahilized at (hour. date)............. e 2118 2 A= ]
Length of time required to stabilize (hours)......
‘ Elow Teat No, 2
Test commenced at (hour, date)_____ 4115 Pl 1a2%.88 . Choke size gsygn
Completion producing _Wolfcamp Completion shut-in_____Papasylvaniss
Upper Completicn Lower Comrletion
Stabilized pressure at beginning of test....., 1180 psi 435% psi
Maximum pressure during test...... tesentensens 12190 psi ___460 ovsi
Minimum pressure during test........... ceesnna 4180 psi 4% psi
Pressure at end of testieieiereorcrerennecanns 1210 pei A8S sl
Maximum pressure change during test,.......s.. 30 psi 5 psi
011 flow rate during test:_382.2 BOPD based on__ss3_in BO in 2 hours,
Gas flow rate during test: 308 MCFPD based on 12.7% MCF in ) —bhours,
Test performed by___de Re Clork, Jr, Title_Petroieum Egnineer
Witnessed by Title

REMARKS:_Pressure recording Instrument used was bench callbrated |-24-38

L

NOTE: Recording gauge pressure charts, test data sheet, and a graphic depiction of all
phases of the test shall be submitted with this report.

AFFIDAVIT:

I HEREBY CERTIFY that all conditions prescribed by 0il Conservation Commission
of the State of New Mexico for this packer leakage test were compiied with and carried
out in full, and that all dates and facts set forth in this form and all attached material
are true and correct,

Orig.signed J, R, Clark, Jr, For Forest Ol Corporatlion
(Representative of Company Making Test) (Companry Making Test)
SWORN TO AND SUBSCRIBED befeore me this the30th day of January , 1998 -
BEFORE THE
Ol CONSERVA 10 [::\"l 1SSION Orlg, Slgﬂ‘ﬂ Malcoim R, Manns
SANTA 30 nEy e Wn) 7 Notary Public in and for tre County of petar
TT._.._;L_-I IR, State of _Texas
GASE _ '

o —
—— —— el

(CVER)




NEW MEXICO
CIL CONSERVATILN COMMISEIIC

PACKER LrAKAGE 1.t
OPLRATCR______Forest Ol{ Corporation Sox 4106 _ Odessy, Texss
LEASE LANME Siate "A" SN
LOCATICH Unit A, Sec.26, T 16 3, R33E COUr™ Reo .
TEST DATA SUELT
Casing Tubing
Time Pressure Pressure
8:00 AR s 1300 _Begin 2 hr_shut=in
2130 AS ns 1380 Pressure check
10300 AM 5 1380 Open tublng (Penn) on 15/64" choke
10315 Am s 800 Oll fo surface o
11300 Am 720 1040 Well sppesrs stadle
11830 Am 7128 1080 well steble, Check ges production rate
12100 Pl 728 1050 Ges head .
12330 PM 128 1040 Check gas measurement . —
1308 PM 725 1040 Shut In twing -
2:19 Pa 728 1180 Shut=In pressure sppesrs steble
_.3100 P 3 1180 Pressure resding
4: 15 PM 715 1100 Open Casing (Wolfcamp) on 5/16* choke
_ 43P 210 _ 1200 0l! fo surfsce
$:00 P 280 __1200 Pressure reading

0O PR 4D 200 Pressure reading
7230 PR 453 {210 __Weil sppecrs stable

7145 Ph 433 j210 Pressure reading o
oo rs 460 1240 well stadble, Determine ges rete .
_O130PM __460 _  __ 1200 Pressure resding .
__ 9100 P 460 1210 —Check Qoas measurement
___um_m —435 _  _Jj210  _Pressvwre rewding s S,

_Sian PN __ 455 —J2i0 __Bw.ln,mu.,w-.‘-M._N.__»._ o
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TENNESSEE GAS TRANSMISSION COMPANY

Post Office Box 254h
Hobbs, New Mexico
February 6, 1958

Forest 01l Corporation
Post Office Box 4106
Odessa, Texas

Attention: Mr. J. R. Wright, Division
Production Superintendent

Re: Dual Completion
Torest Oiy Corporation

State A" Well No. 1

Dear Sir:

Tennessee Gas Transmission Company has received notice of your proposal
to dually complete Forest 0il Corporation State "A' Well No. 1, located
in Section 26, Township 16 South, Range 33 Fast, N.M.P.M., Lea County,
New Mexico. We understand that you will attempt completion from the
Wolfcemp zone (Kemnitz Wolfcamp Field) and from the Pennsylvanian zone
(Cisco - Seaman Lime).

As the owner of adjoining oil and gas leases, Tennessee Gas Transmission
Company bhas no objections to this dual completion and hereby grants their
consent, providing that all rules and regulations of the New Mexico 011
Conservation Commission governing dual completions are fulfilled.

Very truly yours
TENNESSEE GAS TRANSMISSION COMPANY

& - e

D. P. Da:ngff: %
District Production Superintendent

JFC/mh
cc: New Mexico 0il Conservation Commission . BEFORE THE
Santa Fe, lew Mexico OIL CONSELYIIIT COM*ISSION
SANTA B, DRV RERICH - "y
NHev Mexico Oil Counservation Comsission » e 1—:_7‘_1«_‘/_&\ L o7 o - TP
Hobos, New Mexico . CASE __L,f BN ———




Houston, Texas
Feb. 14, 1658

forest Oll Corporation

P

O. Box 4106

Odessa, Texas

At

De

Th

tht Mr, J. R. viright, Division
Production Superintenaent

or Sirt

is Is to acknowledge receipt of your letter of 1

scdvising that you contempiete dually completing Forest OHf
Corporation State "A" wcll Nosl, located In Section 26,
Township 18 South, Renge 33, N.M.F.M,, Lea County, Hew Mexico,

in
wa
If
01

cc

accordance with your request, we wish to advise that we

ive any objection regarding the dual completion of this well,
done In the accordance with ali rules and regulations of the
| Conservsticn Commission of New Mexico,

Very truly yours,

HUMBLE OLL- & REFINING COMPANY
By e -’% : ;
Hff“é

: New Mmexico Oll Conservation Commlssion
Santas Fe, Mew Mexico

New mexico Oll Conservation Commission
Hobbs, New Mexico




Febrvary 13, 1958

Forest Oil Corporaticn
P, O, Box £]06
Odesss, Texas

Attn: M. Jo R, wright, Divisicn
Production Sugperintendent

This Is to acknowledge receipt of your letter of _January 22, 1958
advising that you contemplate dually completing Forest Ofl
Corporation State "A" iiell No.l, located in Section 26,

Toewnship 16 South, Range 23B,N.m.P.#., Lea County, New Mexicc,

In accordance with your raquest, we wish to acdvise that we
waive any objection regsrcing the dual completion of this well,
if done in the accordance with &ll rules &nc regulaticns of the
01l Conservation Commissicn of New Nexico,

Very truly yours,
PHILLIPS PETROLIUM CCHPAN

Hanager of Production

cc: New Mexico Oil Conservation Commission
Santa Fe, New Mexico

Hew Mexico Oil Ccnservafion Commission
Hobbs, New #exico




Forest Oll Corperetion
Py Oy Box 4104
Odesss, Texass

Attn: Mr, Jo R, vrignt, Division
Production Superintendent

Dear Sirs

This |s to acknowledge recelpt of your letter of _January 22, 1958,
sdvising that you contemal=ta duzlly Sugieiing rorest Ol
Corperstion State "A" wel| Ne.l, located in Section 26,

Township 16 Seuth, Range 33, N, .P.M,, Lea County, New Mex.co,

in sccordance with your request, we wish to advise that we
walve sny objection regerding the dus) compietion of this weil,
if done In the accordance with all rufes and regulations of the
Q11 Conservation Commission of New Mexlco,

Very fruly yours,
CITIES SERVICE OIL COMPANY

. o

‘ Division S{perintendent
ccs  New Mexlco Oil Conservation Commission
Santa Fe, New Mexico

New Mexlco Oif Conservatlion Commission
Hobbs, New Mexice




Forest Cii Corporation
Pe 0, Bax 4106
Qdesss, Texas

Attny WMre dy R, irigrt, Division
Production Superintendcnt

Dear Sirs

Nis is iw sskncuisdss recelat of vaur leatter of January 22, 1958
sdvising that yeu contemplate dually campleting Forest Off
Corporstion State "A" dell Neyl, lecated (a Section 26,

Tounship (6 Ssuth, Range 35, N P.M,, Lea County, New Mexice,

in sccordasnce with your request, we wish te advise thit we
walve sny objection regarding the dust completion of this well,

I# done In the accordance with ail rules and regulations of the
Oi1 Conssrvatien Commisslion of New mexlice,

Very truly yours,

JE i

SIGNAL OIL AND GAS COMPANY

ce: MNew Mexlce Ol} Conserwation Commisslcn
Sanfa Fe, New Mexlco

New Mexlico Ol Conservation Comission



H. E. Berc
MANAGER OF FRODUCTION
CENTRAL DIVISION

e

Tioewntes 0i1L Company

POST OFFICE BOX 731
TULSA 2. OKLAHOMA

February 6, 1958

Forest 0il Corporation
P. 0. Box 4106
Odessa, Texas

Attention: Mr. J. Re Wright
Gentlemen:

This is to acknowledge receipt of your

P e -
luvtw Cf J::':’.....""" 99’ 1°:R ﬁ"‘“ ai::g tz“‘“‘t :!M“ hﬁh*‘ﬂ*“

plate dually completing Forest Oil Corporation State
"A" Well No. 1, located in Section 26, Township 16
South, Range 33, N.M.P.M., Lea County, New Mexico.

In accordance with your request, we wish
to advise that we waive any objection regarding the
dual completion of this well, if done in accordance
with all rules and regulations of the 0il Conserva-
tion Commission of New '.odco,

Very truly yours,
He E. Berg
HEB:hm

cc: New Mexico 01l Conservatic: Commission:
Santa Fe, New Mexico

New Mexico 01l Conservation Commission
Hobbs, New Mexico




