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Occurrence and Origin of Natural Gas i n Ground Water, 
Southern Weld County, Colorado 

3y 
Dudley D. Rice 

Charles K. Thre lke ld 

INTRODUCTION 

This report deals w i t h the occurrence and o r i g i n of methane-rich gas i n 
ground water i n the southern par t of Weld County, no r th - cen t r a l Colorado. The 
gas generally occurs i n s o l u t i o n i n the ground water of the a q u i f e r . However, 
exsolut ion r e s u l t i n g from reduct ion of hyd ros t a t i c pressure dur ing water 
production may create f r e e gas which can accumulate i n we l l s and bui ld ings and 
pose an explosion and f i r e hazard. On the basis of evidence discussed below, 
we conclude that the gas o r ig ina te s w i t h i n the a q u i f e r f rom the 
microbio logica l degradation of organic n a t t e r . 

The ground water i s produced from s i l t s t o n e s and sandstones which make up 
the Upper Cretaceous Laramie-Fox H i l l s a q u i f e r (Robsoa and o thers , 1981). The 
aqui fe r i s present at depths of about 150 m or less i n the study area. The 
Laramie-Fox H i l l s aqu i f e r i s an important source of water f o r residents and 
ranches i n the greater Denver.area. 

The gas-bearing a q u i f e r of the Laramie-Fox E i l l s i s under la in by the 
Wattenberg f i e l d which contains major reserves of na tu ra l gas at depths 
ranging from 2,300 to 2,600 m. Reservoirs are low-permeabi l i ty sandstones of 
Early Cretaceous age that require massive hydrau l ic s t i m u l a t i o n to provide 
economic f low r a t e s . Reserves i n the f i e l d are estimated to be 1.5 t r i l l i o n 
cubic f e e t (Matuszczak, 1973). 

Natural gas i s formed by two d i s t i n c t processes. At shallow depths of 
b u r i a l and low temperatures, methane-rich gas i s generated dur ing 
decomposition of organic matter by microorganisms. Tnis gas i s formed i n 
environments f r e e of dissolved oxygen and su l f a t e and i s r e f e r r ed to as 
biogenic gas. 

Natural gas can also be generated by thermal degradation and cracking of 
kerogen and other nonhydrocarbon precursors wi th increasing temperature and 
advancing geologic t ime . This type of gas i s r e f e r r e d to as thermogenic and 
probably i s the o r i g i n of most gas produced from comz^ercial o i l and gas 
f i e l d s . 

Natural gases can general ly be d is t inguished by t h e i r chemical 
compositions and carbon isotope r a t i o s . Biogenic gas i s predominantly methane 
that is i s o t o p i c a l l y l i g h t ( 6 ^ C values l i g h t e r than -55 ppt) because of 
b i o l o g i c a l ^C-enrichment (Rice and Claypool, 19S1). During ear ly and 
intermediate stages of thermal h i s t o r y , methane generation i s accompanied by 
heavier hydrocarbons i n c l u d i n g o i l and i s i s o t o p i c a l l y heavier than biogenic 
gas (6 *^Cj values are general ly heavier than -50 ppt) because of smaller 
k i n e t i c isotope e f f e c t s associated wi th thermal c r ack ing . During la te stages 
of b u r i a l h i s tory at very high temperatures, na tu r a l gas becomes devoid o f " a l l 
heavier hydrocarbons and the i so top ic composition of methane approaches tha t 
of the o r i g i n a l organic matter (6 C values are general ly heavier than -35 
p p t ) . 

1 



I n order to determine the source of the gas i n the ground water i n 
southern Weld County, n a t u r a l gas was sampled and analyzed f r o m three p r i v a t e 
water we l l s and three gas we l l s from the Wattenberg gas f i e l d . A l l of the 
wells are located w i t h i n a smal l area (sees. 12, 13, and 24, T. 3 K . , R. 65 
W. ) . Samples were analyzed by the methods described by Claypool and others 
(1980). 

RESULTS AND DISCUSSION 

The analyses f o r the water and gas wells are summarized i n Tables 1 and 
2, r e spec t ive ly . The volume percentage of selected components i s reported 
together wi th the propor t ion of methane i n the hydrocarbon f r a c t i o n and the 
carbon isotope r a t i o of the methane. 

The gases from the water wel l s occur at depths of less than 125 m, and 
are un i fo rmly dry (Cj /Ci_c > 0.99) and enriched i n the l i g h t isotope 1 ^C 
(6 ^ C j values are about. -/3 pp t ) (Table 1 ) . The r e l a t i v e l y h igh percentage of 
N2 (n i t rogen) and (or) a i r probably represents a i r contaminat ion r e s u l t i n g 
from sampling procedures. These gases are i n t e rp re t ed to be of biogenic 
o r i g i n and are being (were) generated i n an anoxic, s u L f a t e - f r e e environment 
w i t h i n the aqui fer system. The probable source of carbon i s the organic 
matter o r i g i n a l l y deposited w i t h the Upper Cretaceous sediments. These 
biogenic gases are s i m i l a r i n composition to those f rom ground water reported 
by Coleman and others (1977) and Barker and F r i t z (1981) . 

I n an area immediately nor th of the study area, methane general ly i s not 
detected or reported f r o m ground water ( J . C. Romero, o r a l commun., 1982). 
This area coincides w i t h a reg ion of higher amounts of d isso lved s u l f a t e 
(greater than 250 mi l l igrams per l i t e r ) i n the ground water (Robson and 
others, 1981). The water f rom the we l l s i n t h i s region has a p u t r i d odor and 
probably contains hydrogen s u l f i d e ( H 2

S ) r e s u l t i n g f rom m i c r o b i a l s u l f a t e 
reduc t ion . Methanogenesis general ly i s not concurrent w i t h the process of 
su l fa te reduction and u sua l l y begins a f t e r dissolved s u l f a t e i s removed f rom 
ground water (Claypool and Kaplan, 1974). Therefore, the absence of methane 
and the apparent presence of H^S i n the area to the n o r t h of the study area i s 
probably explained by the occurrence of s u l f a t e . x 

Gases sampled f rom the Wattenberg f i e l d occur at considerably grea ter 
depths (about 2,300 m) and are d i s t i n c t l y d i f f e r e n t f r o m gas f rom water we l l s 
i n both chemical and i s o t o p i c composition (Table 2 ) . They con ta in s i g n i f i c a n t 
amounts of heavier hydrocarbons (0j/C^_5 values are about 0.87) and are 
i s o t o p i c a l l y heavier (c values are about -43 p p t ) . The chemical and 
i so top ic composition of the gases ind ica te that they are thermogenic i n o r i g i n 
and were generated by thermal cracking processes during intermediate stages of 
thermal matur i ty i n the deeper part of the Denver Basin. This i n t e r p r e t a t i o n 
i s consistent w i t h the l e v e l of maturation determined by Clayton and Swetland 
(1980) i n t he i r study of petroleum generation i n the Denver Bas in . 

The p o s s i b i l i t y t ha t thermogenic gas from deeper r e se rvo i r s i n the 
Wattenberg f i e l d may have leaked i n t o shallow ground water of Laramie-Fox 
H i l l s aqu i f e r has been discounted. Several f i e l d s tudies have shown tha t 
although chemical f r a c t i o n a t i o n of gas by migra t ion i s poss ib le , w i t h nearly 
complete removal of heavier hydrocarbons, there i s no s i g n i f i c a n t e f f e c t on 
the i so top ic composition of the methane (Bernard and o thers , 1977; Coleman and 
others, 1977; Rice, 1980). Therefore , we conclude tha t i n t h i s case the 
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i s o t c p i c analysis i s the most r e l i a b l e evidence to e s t a b l i s h the source of tbe 
na tura l gas. 

I n conclusion, selected gases f r o m ground water and f rom deeper gas 
reservoirs i n southern Veld County, Colorado are: (1) separated v e r t i c a l l y by 
2,O0C m of rock, (2) have d i s t i n c t chemical and i s o t o p i c compositions, and (3) 
were formed by tvo separate processes. The i s o t o p i c a l l y l i g h t , methane-rich 
gas i n the ground water is cf biogenic o r i g i n and was or i s being generated i n 
the anoxic, s u l f a t e - f r e e a q u i f e r by decomposition of organic matter deposi ted 
wi th the sedimentary rocks t ha t c o n s t i t u t e the a q u i f e r . I n contrast , 
i s o t o p i c a l l y heavy, chemically wet gas of the Wattenberg f i e l d i s c l e a r l y of 
thermogenic o r i g i n r e s u l t i n g f r o n sedimentary organic matter that was 
subjected to increased temperatures and depths of b u r i a l . The p o s s i b i l i t y of 
leakage of thermogenic gas i n t o the shallow ground water system i s discounted 
because of the d i s t i n c t and c h a r a c t e r i s t i c i s o t o p i c compositions of the two 
types of gases and because subsurface migra t ion i s incapable of producing the 
required change i n i so topic composit ion. 
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Table 1.—Chemical and i so top i c composition of gas f r o m p r i v a t e water w e l l s . 

To ta l 
Locat ion depth 

(m) Cx 

1 . SW 1/4 SW 1/4 sec. 12, 122 28.18 .04 .03 71.75 .5989 -73.5 

T. 3 N . , R. 65 W. 

2 . SE 1/4 NE 1/4 sec. 13, 95 51.19 .06 .33 48.42 .9988 -73.3 

T. 3 N . , R. 65 W. 

3. SE 1/4 SE 1/4 sec. 13, 94 56.00 .07 .18 43.75 .9988 -72.8 

T. 3 N., R. 65 W. 

C2 C02 N2-air
 c ^ c i - ^ enC, 

(p?0 
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Table 2.—Chemical and isotopic composition of gas from wells in Wattenberg gas f i e l d . 

P n y 13 zone N-2- Ci 
Well Name Location (m) Cx C2 C3 ^4 nC4 nC$ CO2 a i r C1/C1_5 (ppt) 

1. Amoco SW 1/4 sec. 13, 2314- 82.66 7.81 2.39 .73 .73 .33 .25 4.72 .38 .8711 -43.1 
UPRR 39 B No. 1 T. 3 N., R. 65 W. 2322 

2. Amoco SW 1/4 NE 1/4 2305- 82.75 7.94 2.6 .5 .57 .37 .24 4.63 .4 .8714 -43.4 
Weld Co. sec. 24, T. 3 N., 2310 
Lumber No. 1 R. 65 W. 

3. Amoco SW 1/4 SW 1/4 2310- 82.72 8.19 2.18. .53 .53 .55 .33 4.54 .43 .8704 -43.5 
Gurtler No. 1 sec. 24, T. 3 N., 2331 

R. 65 W. 
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latere end O r i g i n of "Vent Gases" i n the LaSalle Area, 

Northeastern Colorado 

by 

Dudley D. Rice 

Charles N. Thre lke ld 

A p r i l V u l e t i c h 

INTRODUCTION 

Recently, s a t a ra l gas has been venting to the surface i n the town of LaSal le , 

southern ¥e ld Cocnty, Colorado. The gas i s bel ieved to be coming up abandoned 

water wells t i i a t aay be as much as 335 m (1100 f t ) deep. The gas has r e p o r t e d l y 

caused explosions i n the yard of Wickes Lumber Company and may r e s u l t i n more 

explosions i n the f u t u r e i f the f low of gas from the subsurface continues. Our 

investigatioc-3 are aimed at determining the source o f the gas. Based on evidence 

presented below, the gas i s i n t e r p r e t e d to be of thermogenic o r i g i n and to have 

migrated f r o n deeper, thermaJlly mature rocks. 

LaSalle is i n the Wattenberg area, which l i e s along the axis o f the Denver 

Basin. Byiro-narbons are produced i n the area from three main r e se rvo i r s of 

Cretaceous age that range i n depth f rom 1220 m (4000 f t ) to 2590 m (8500 f t ) . 

Na tura l gas aJ_so occurs i n ground water of the Upper Cretaceous Laramie-Fox 

B i l l s aquifer i n the region a t depths less than 150 m (500 f t ) . Pumping the water 

to t h e surface lowers the pressure and causes dissolved gas to come out of 

s o l u t i o n . I f the f r e e gas accumulates i n an enclosed area, i t can cause an 

explosion and f i r e hazard. 

Na tu ra l gas f_s formed by two d i s t i n c t processes. At shallow depths of b u r i a l 

and low tsrpexattrres, methane-rich gas i s generated dur ing decomposition of 

organic car ter by microorganisms. This gas i s formed i n environments f r e e of 

dissolved oxygen and s u l f a t e and i s r e f e r r e d to as b iogenic gas. 
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Natural gas can also be generated by thermal degradation and cracking of kerogea, 

o i l , and other nonhydrocarbon precursors-wi th increas ing temperature and advancing 

geologic t ime. This type o f gas i s r e fe r red to as thermogenic and probably i s 

the o r i g i n o f most gas produced f rom commercial o i l and gas f i e l d s . 

Natura l gases can general ly be d i s t inguished by t h e i r chemical compositions and 

carbon isotope r a t i o s (Fuex, 1977) . Biogenic gas i s predominantly methane t h a t 
13 

i s i s o t o p i c a l l y l i g h t (6 C_ values l i g h t e r than -55 ppt) because o f b i o l o g i c a l 
12 

C-enrichment (Rice and Claypool , 1981). During e a r l y and in termediate stages 
of thermal h i s t o r y , methane generation i s accompanied by heavier hydrocarbons, 

13 

inc lud ing o i l , and i s i s o t o p i c a l l y heavier than biogenic gas (6 C^ values a re 

generally heavier than -50 pp t ) because of smaller k i n e t i c isotope e f f e c t s 

associated .wi th thermal c rack ing . During l a t e stages of b u r i a l h i s t o r y at v e r y ' 

h igh temperatures, na tu ra l gas becomes devoid of a l l heavier hydrocarbons and 
the i so top ic composition o f methane approaches that o f the o r i g i n a l organic 

13 
matter (5 values are genera l ly heavier than -35 p p t ) . 

I n order t o determine the o r i g i n o f "vent" gas at LaSa l l e , na tu ra l gas was 

sampled and analyzed from s i x s i t e s i n the area of Wickes Lumber Company ( sec . 

. 3 1 , T. 5 N . , R. 65 W.) and f rom nearby o i l and gas w e l l s . Samples were analyzed 

by the methods described by Claypool and others (1980) . 

RESULTS AND DISCUSSION 

The analyses are summarized i n Tables 1 and 2. The volume percentage of selected 

components i s repor ted , together w i t h the p ropor t ion of methane i n the hydrocarbon 

f r a c t i o n and the carbon isotope r a t i o of the methane. 

The resu l t s of other gas s tudies i n the general area by Rice and Thre lke ld 

(1982) and Rice (1983a) are important i n determining the o r i g i n of the "vent" 

gases at LaSalle . Natural gases f rom water wells near Hudson (sees. 12 and 13, 

T. 3 N . , R. 65 W.) are genera l ly dry (C./C s >0.99) and enriched i n the l i g h t 
12 13 

isotope C (6 C 1 values are about -73 ppt) (Rice and Thre lke ld , 1982). These 

gases were in te rp re ted to be of biogenic o r i g i n and are being or were generated 

i n an anoxic, s u l f a t e - f r e e environment w i t h i n the a q u i f e r system. 
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Natura l gases f rom the Terry and Hygiene Sandstone Members of P i e r r e Shale, 

Codell Sandstone Member of C a r l i l e Shale, and "J" sandstone have been sampled 

and analyzed i n the Wattenberg area, which includes LaSal le (Rice, 1983a). 

These gases, on the basis o f chemical and i so top ic composition, a re in t e rp re t ed 

t o be o f thermogenic o r i g i n ; that i s , the gas vas generated dur ing the mature 

stage o f hydrocarbon generation ( F i g . 1 ) . 

Gases f rom the Terry and Hygiene Sandstone Members of the Pierre Shale, the 

youngest r e se rvo i r s , are the i s o t o p i c a l l y l i g h t e s t ( 6^C^ values range f r o m 

-55.7 to -47.7 pp t ) and chemically wet tes t ( c

1 ^ c

1 _ 5 values range f r o n 0.67 to 

0.83) ( F i g . 2) and are associated w i t h o i l . Because the P ie r r e Shale i s n o t 

excep t iona l ly o r g a n i c - r i c h and i s marg ina l ly mature i n t h e area, the o i l and gas 

i n the Terry and Hygiene have probably migrated v e r t i c a l l y as much as 610 m 

(2000 f t ) from the thermally mature Greenhorn-Kiobrara i n t e r v a l . 

13 

Gases f rom the Codell genera l ly become i s o t o p i c a l l y heavier (6 values range 

f rom -47.8 to -43.5 ppt) as they become chemically d r i e r ( C j / C ] _ 5 values range 

f rom 0.76 to 0.8) (F ig . 2 ) . 'During the main part o f mature stage, o i l and 

associated gas ( i s o t o p i c a l l y l i g h t e s t and chemical ly we t t e s t ) were generated 

f rom Type I I kerogen associated w i t h thermal ly satrure marine source rocks, such 

as those i n Greenhorn-Niobrara i n t e r v a l . During t n e h o t t e r , l a t e r part o f the 

stage, wet gas ( i s o t o p i c a l l y heaviest and chemical ly d r i e s t ) and condensate were 

generated from res idua l kerogen and from heavier hydrocarbons prev ious ly generated. 

V a r i a t i o n s i n the character of the gases f rom the " J " sandstone, the o lde s t 

r e s e r v o i r , are s i m i l a r to those o f the Code l l ; they become i s o t o p i c a l l y heavier 

( 6 1 3 C 1 values range from -47.9 to -43 .1 pp t ) as they become chemically d r i e r 

( C 1 / C 1 _ 5 values range f rom 0.84 to 0.87) ( F i g . 2 ) . Gases from " J " are i n t e r p r e t e d 

t o have been generated at s i m i l a r leve ls of m a t u r i t y as those of the C o d e l l , but 

f rom nonmarine (Type I I I ) kerogen c lose ly associated v i t h the r e s e r v o i r s . These 

gases are nonassociated and are i s o t o p i c a l l y heavier and chemical ly d r i e r a t 

s i m i l a r leve ls o f matur i ty than those generated f r o m marine source rocks (Rice, 

1983b). 

The "vent" gases a t LaSalle are chemically wet ( C . / C ^ values o f about 0 .8) and 

i s o t o p i c a l l y heavy ( 6 1 3 C . values o f about -44 pp t ) (Table 1 ) , and are i n t e r p r e t e d 
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to be o f thermogenic o r i g i n . The gases are almost i d e n t i c a l i n composition to 

those produced from the under ly ing Codel l Sandstone Member i n the immediate area 

and i n the Wattenberg area (Tables 1 and 2; F i g . 2 ) . The only except ion i s t h a t 

the gas from the Dabco No. 2 w e l l has as much as 20% C0 2 (F ig . 2 ) . The C0 2 was 

probably added to the w e l l d u r i n g i t s recent hydrau l i c s t i m l a t i o n r equ i red to 

provide economic flow ra t e s . 

I n conclusion, the "vent" gases at LaSal le are almost i d e n t i c a l i n bo th chemical 

and i s o t o p i c conpostion to those produced from the Codel l Sandstone Member of 

C a r l i l e Shale at depths of about 2130 m (7000 f t ) . The gas was probably generated 

from thermal ly mature marine source rocks (Type I I kerogen) i n the Greenhorn-

Niobrara i n t e r v a l and has subsequently migrated to the sur face . At t h i s t ime, 

we do not have data to determine i f t h i s gas migra t ion i s a n a t u r a l phenomenon -

or i s r e l a t e d t o d r i l l i n g a c t i v i t y i n the area. 

4 



REFERENCES CITED 

Claypool , G. E . , Thre lke ld , C. N . , and Magoon, L. B . , 1980, Biogenic and 

thermogenic o r i g i n s of n a t u r a l gas i n the Cook I n l e t Basin: American 

Associated of Petroleum Geologists B u l l e t i n , v . 64, p . 1131-1139. 

Fuex, A. N . , 1977, The use o f s table carbon isotopes i n hydrocarbon e x p l o r a t i o n : 

Journal of Geochemical E x p l o r a t i o n , v . 7, p. 155-188. 

Rice, P. D . , 1983a, A p p l i c a t i o n of organic geochemistry to hydrocarbon occurrence, 

i n Patterns of sedimentation, d iagenes is , and hydrocarbon accumulation i n 

Cretaceous rocks of the Rocky Mountains: Society of Economic Pa leonto log is t s 

and Mineralogis ts Short Course States No. 11, p . 61 to 6 -41 . 

1983b, The r e l a t i o n o f n a t u r a l gas composition to thermal m a t u r i t y and 

source-rock type, i n the San Juan Basin, northwestern New Mexico and 

southwestern Colorado: American Association o f Petroleum Geologists B u l l e t i n , 

v . 67, p . 1199-1218. 

Rice , D. D . , and Claypool, G. E . , 1981 , Generation, accumulation, and resource 

p o t e n t i a l of biogenic gas: American Assoc ia t ion of Petroleum Geologis ts 

B u l l e t i n , v . 65, p . 5-25. 

Rice , D. D . , and Thre lke ld , C. N . , 1982, Occurrence and o r i g i n of n a t u r a l gas 

i n ground water, southern Weld County, Colorado: U.S. Geologica l Survey 

Open-File Report 82-496, 6 p. 

5 



PRIMARY HYDROCARBONS 
STAGE PRODUCT GENERATED • 

W&Bi b e E N i c" 
H^xM ETH ANE&g^ 

•'•'•7 

I M M A T U R E 
D R Y 6 A S 

:: :: :: :x :: :: :: :: :: :: :^^ 

( d i a g e n e s i s ) 
D R Y 6 A S 

1 
( d i a g e n e s i s ) 

P
E

R
A

T
U

R
E

-

O IL 
/ r \ 1 <B H E R ' / / / Y - - - - - - - - \ 
H Y D R O C A R B O N S i : ; \ 
' A N D / OR V > ^ : : : : : : : : : : : : : : \ 

E
M

 

M A T U R E 
r— ( c a t a g e n e s i s ) 

M
E

 
A

N
D

 ( c a t a g e n e s i s ) 

W E T G A S -

' / ^ S ^ H E R M A L '5:5$/ 

M
E

 
A

N
D

 

C O N D E N S A T E 

h 

1 

P O S T - M A T U R E 

( m e t a m o r p h i s m ] 
D R Y 6 A S f 

Figure 1 . Diagram sho--ing postulated generation of 
hydrocarbons wi th increas ing temperature 
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sandstone. Ci r c l e i n d i c a t e s "vent" gases from LaSalle. 

7 



Table 1.--Chemical and i s o t o p i c composition of "vent" gas from LaSalle. 

C l C 2 C 3 1 C4 n 4 1 C5 n 5 
co2 

N -

? 
a i r 

C l / C l - 5 

«"c. 
( p p t j 

Autuiuouud W c l i 73.56 11.97 4.77 0.92 1.5 0.6 0.61 1.07 5.01 . 7932 -4 4 . 4 2 

Sower L i n o E x i t 7 5.65 11.98 4 . 36 0. 76 1.66 0.48 0 .51 1.55 3 . 06 . 7931 - 4 ^ 5 

"Vent" Hole No. 3 75. 65 12. 29 4.47 0.7 1.3 0. 32 0.32 1.54 3.42 .796 -44 . 38' 

"Vent" Hole 76. 00 12. 44 4.48 0. 72 1.32 0. 34 0.35 1. 71 2.62 . 7944 -44 . 4̂ 4. 

"Vent" Hole 66.87 10. 62 3. 73 0.59 1. 04 0.28 0.28 2.34 14. 25 .8017 -4 4.96 

"Vent" Hole 73.75 12. 37 4.54 0. 69 1.19 0.32 0.32 1.71- 5.1 .7914 -44.42 



Tnblo 2,—Chomlcnl nnd isotopic composition o£ gus from nearby o i l and gas wells. 

Cl C2 C3 iC4 nCA iC5 nC5 ' C°2 « h °l/Cl-5 ^ 

1. Lehan No. 1 • 
Sec. 8, T. 4 N., R. 65 W. 
Codell Ss. Mbr. 
2.167-2171 m 
(7111-7123 f t ) 32.03 A.97 1.92 0.29 . 0.A2 0.15 . 0.12 0.96 59.15 .8030 -AA.38 

2. Dnbco No. 2 
Soe. 6, T. A N., R. 65 W. 
Codell So. Mbr. 
2176-2182 m 
(71AO-7160 f t ) 66.12 11.61 3.6 0.76 1.08 0.37 0.29 16.03 0.16 .7889 -A3.A7 

3. Dabco No. 2 
Sec. 6, T. AN., R. 65 W. 

. Annular gas 66.A6 9.9A 3.15 0.59 1.0 0.28 0.26 20.98 0.3A .8066 -A3.90 

A. McClintock No. 6 
Sec. 32, T. AN., R. 65 W. 
Terry Ss. Mbr. 
1405-1410 m 
(4611-4627 f t ) 70.50 10.86 7.42 1.79 3.13 1.2 1.21 0.61 3.29 .7336 -A7.73 

5. Aristocrat No. 1 
Sec. 5, T. 3 N., R. 65 W. 
Terry Ss. Mbr. 
1378-1385 m 
(4522-4545 f t ) 74.56 8.04 6.82 1.5 2.13 0.61 0.72 0.77 4.84 .7899 -50.29 


