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PETROLEUM SOURCE BEDS IN PILOT SHALE OF EA ERN GREAT BASIN--

Talk for Oil and Gas Se s s ion I, Rocky Mtn. S . M tin , 
Amer i can Association of Petroleum Geologi ts, 

Albuquerque, N. Mex ., Jun 2, 197 5 

By 

Charles A. Sandberg and Forrest G. Po 1 

This a f t ernoon , I wi l l disc ss th p ~ croleum s ou c be d. o t ' 

Pi ot Sha. e in western Utah and ea st rn Nevada, This study is o f 

J Gr at Ba sin sourc - r ock investigac i ons ( ughan, 1975 ; P le S· 

and Sandberg, 1975 ; Sandberg and oole , 1975), in whi ch th U, 

~ ological Survey has been engaged f or the past 2 y a r s . h following 

2 talks on this a f ternoon's program will discuss the results o ther 

pha s es of our pr l irn:na r y s urce-rock investiga tion . The 3 sud' s w r . 

par t f a pilot progr am to de termine t he f eas'bi ity o f urth r invest · -

gat ions o f petro l urn potential of the eastern Gr at Basin. u r pre l im-

in ry r e s lts have been promising and have encouraged us to embark n 

a new 3-year pro ject to investigate the petroleum geology of the middl 

and upper Paleozoic rocks f the eastern Great Basin . Thr ough his 

new study , we hope t o provide a compl ete strati r a hie , t ec tonic , a nd 

pe trole um sourc - o k ana l ysis o f the D vonian 1issi sippian, 

Penn sylvanian , a nd Permian rocks of this virtua l y unt ~ ed a Th 

s i t s ' nd t on c s t 'n s of s u r -ro k d p s n will be d term ·ned 

th p ibl il migra on int th d ·a nt R ky .1 untain 

Pr v· n b r a d a nd poss 'bl s tr t . raphi ~ a nd s tru t a tra s that 

may he -. n .: n d n h ea t r n Gr at B n w 1 b d e i nr~ e 
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are well aware of the myth of exce~sive thermal gradi nt in the astern 

Great Basin and hope · tha t our preliminary result s will help dispel th ' ~ 

myth . We believe that determination of TIMING is the key to a 

successful exploration program in this area -timing o ex .uls'on an 

mi r ation, timing of ov e rcooking and t hermal degradation , and timing of 

fracturing of p troleum g neration sys tems and reservoir by Bas·n-and

Range faulting . 

SLIDE l 

As shown diagrammati ca lly by this firs slid , h ~ Pilot Shal is 

~ compl -x of 3 roc k bodies with differ nt ag s , histories , and ar as of 

distribution . Th upp e r Pilot is entirely Kind rhookian, has at l east 

2 separa te narrowly limi ted areas of di stributi on , and few organic - rich 

shal s in a sequ ence o f r latively deep water limestone , ch r , and 

siltstone . Th middle Pilot, which was depositionally continuous with 

h Leatham Forma tion of northeastern Utah, is ery lat Devonian in 

age . I t c omprises a basal c oarse sandstone, m dial organic-r ich but 

thin shales, and overl ying tan siltstones. The middl Pi l ot has li tl 

like lihood o f be ing an important source- roc in te rval but i s p rous 

basal sands one could provid a good res .rv ir . The m'dd l Pi l t 

overl1 es a major unconformity that r fleets r ard d subs.'denc and 

uplift on par t s of t h sh~l in association wi h early mov ments of the 

An ler orogeny far h r west . The low Pilot was d posi d in a apidly 

ubsidin basin on a miog oclinal carbonate sh lf in midd"e to la e La _e 

D vonian ti It is divisibl i co a rt s - - a b s l part that i 

qu ival nt to h up r pu of th D -ils Ga _ nd Gu ilme tte Limest n 
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a nd an pper par t that is equival nt to t he shallow-wat r West Ra nge 

Limes t one . A tirr!e piane--established from detail d conodont zonation 

at the base of the Lower Palmatolepis crepi da Zone and shown as 

dashed line on thi s slid --passes throu gh the low r Pilot and into th 

surr ound ing shelf ca bonat ~ s . Th pper pa rt of the lower Pi o t , w i h 

is entirely early Famennian or late La te Devonian in age , contai 3 

ca rbonaceous mudstone and limeston beds of suff : cient thickness , ar a l 

distri bution, and organic richne ss to merit consideration as s ou r ce 

b ds for petrol eum generation. Th s beds , which ar shown , &hading 

this sl ~ de , will b d "scussed in d tail during the remainder o my t k . 

SLIDE 2 (Kodach rome , not included herewith) 

The next 2 slides illustrate the charac t r is ic mo e o f ou tcrop of 

the Pil o t Sha l on th s lopes of imeston - ca ped cues t a s and but s 

i n west rn Utah and eastern Nevada . This Kodachrome show th e s qu ne e 

in the Burbank Hills , Utah. On the skyline i s the cl iff-forming 1oana 

Limestone . The und rlyi ng ledge s and slope ar e the up per Pilo t . Th 

double ledge in th e mi ddl e of the picture i s formed by r usty-wea hering 

sandstone of t he middle Pilot above and by unconformably underly "ng 

s ilicifi d siltstone at the top o th lower Pilot b low. The low r 

sl ope and weak 1 dge s xtendin ~ to the bo tom o f the · slid ar the 

lowe r Pilot, which in t his area is re latively thin becau~ of int r 

t ongu "ng wi h th Wes Range L "meston • 

SLI K d chrom , not i e luded h r wi h) 

This n xt Kodachrome i lu s trat s th s qu enc a t Lit le Mil e- nd -

a -Ha l Canyon in he Con usion Ra nge, es tern t ah . A a in , a h top, 



is the cliff-forming massive Joana Limestone und er lain by ledges and 

slopes of the yellow•weathering thin-b edded upper Pilo The reddis -

br \vtl smear on the r ight of the gu lly in the center of th sli e i.s 

organic-rich shale of the middl Pilot. On the r· ge to the l e t of 

the g lly, the bare lower slope extending to the bottom o the ·lid 

is the brownish-weathering sequence of organic-rich shales and int r bod-

ded limestones in the upper part of the lower Pilo t. I \ ·11 a>. alyze 

these ossible source beds in a ew minutes, but first le us xamin 

an i opach map. 

SLIDE 4 

his slid sho s an isopach map , drawn a t LOO-metre i nt rvals , of 

the lower Pilot. The peripherally intertongui g sh . lf limeston s ar 

nam d: D rils Gat n th est, uilrnette on h ast , West Ran e on 

the southeast and southwest, an Crystal Pa ss at th e xt reme south . 

The ~nusua l shape o f th e Pilo basin would ap ar to r e fle c · a 

large oroclinal fle ure. However , th influ nc of Antler- elated 

uplif ts on th continental shelf may be a mor lik y xplanati ·n. For 

exampl ~on the so thw st · an u 1 · t wh n Joana unconformabJy 

overlies We -=-. t Rang and the in e r v ning I ilo er d d . Th ind n 

t'on n th northeast , onta ' · g h word Gu ' J tt i p rt 

westward-t ending anc ;:,t~a a ---- h tha t .xt nds from the r a ton on th ea. r 

a pas thr ugh t h ld H'll m n ng d · s tr· t n ar th - Ut h-N vada 

l i.n ~ that h wer p -· 1 h a max mum .... h. kness in ex ss f 

300 e res n r th b sin .t Th ar a f f v abl ··urc beds 

·h wn b _, s h:Jd · 1 ~ 



occup i es the thickest pa r t of the depositional basin . No t the position 

of Little Mile-and-a-Half Canyon, loca ted by the X, in western Utah. 

A line of section pass ing hrough hi s X loca tes the cross section that 

will be shown on .be next slid . 

SLIDE S (same as SLIDE 1) 

On thi s c ross ec ion, note at t h to p, h position of the 1:evada-

t ah State lin and to its ri 6 h t, h _ ha locates .: tt le Mile-an· -a-

Half Canyon . Th's sl id e hows diagrammali al ly how fine clastics of 

he l ow r Pilo in t c rtongu ith t urb.i.dit s, 

d br i s - flo de posits , and shallow- wa ter lim s tones such as the Calvina. ·a 

Limes tone at t bo tom cent r , and hus rad peripherally into 

limes ones of th W st Range , D vils Gate , and Guilmette . The Joana 

tru ca s the owe r Pilot to the w st and in turn is truncated by the 

Chainman Shale , so that Chainman rests di rec ly on lower Pilot at 

e ils Ga t e , ' e sl o ureka , evada . Sho,m ) s ading are the poss ' ble 

source bed s in th upp r par t o f the lo er Pilot lying between a 

conodont-dated turbidite below and 1 an r sil · tones nd mudstones 

abo e . The next slide will sho a olumnar s tion at the posi ion of 

the X. 

SLIDE 6 

This slide shows at the 1 f , a co lumnar s c t ion from the top of 

the Guilm_ tte to th e ba s of the Joana Lim .s on at Li ttle ile-and-a

Hal f anyo , U ah . C6 bonae ou 

ud on s and sil one are diff r n l iat d y h a vier lines from 

nonca rbonac eou s mudstone a nd s'ltst At the right, the percentage 

of or an ·c c ar~on is shown graphically by a cu r resembling a _utron 
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log curve. Pleas e note that most of the measured section ha s valu s 

from 0. 2 to 1.7 percent organic carbon. The upper Pilo t generally 

contains less than 0 . 3 percent organic carbon ; the thin shal t he 

base o f the midd l Pilot contains a bout 1 .2 percent o rganic ar o 

and th e basa l par t of the lower Pilot contains les s than 1 perc nt 

organic carbon , except for a s ingl thin bed. Th s thr "n t rv ls 

can b dismi ssed as po ss ibl source b ds and will not be disc uss d 

fur th r. Instead, l t us consider t h up per part of he low . i l t ' 

and ·n particular th interval d signat d anticipatively as sourc 

b ds in the right ma r gin . Th int rb dd ed deep wate r limes on s are 

relativel y t hin and had to be exaggerated to sho in h columnar s ion. 

Ac uall y , they mak up l ss than 5 perc ent o f the to ta l source-b d 

interval. Cons quently , by a dash d line , I ha e indicated what l e 

gross curve would be, if these limestone b ds w r di scounted . What w 

see f rom the cur then , is a rather homogeneous unit of organic- riel 

calcareous ca rbonace us mudstone wi h va lu s ranging from 1.5 to 3. 2 

percent organic carbon and an average content of 2 . 2 perc n t . Th th in 

int rbedded limestones ave r ag only 0.5 pe rc en organi ca rbon, bu t 

th y h e high yi lds of solubl e hydrocarbon , as you wi s in th 

next sl "d , ·bich provides a detailed s ction of th interval h ~ r 

lab l l ed source b ed se 



SLIDE 7 

On this final s·lid e , you see at th lef , an nl a rgement of th 

9 -me~re-thick sourc e-bed 'nterva l with thick turbidite or debris-fl ow 

limestones a~ the base and op of he column . Most of the limestone 

i terbeds are deep- ate r micrit es; some occ r as lenses; oth rs as zon s 

of concretions . The second colutnn sh ws he same organic - carbon cur 

as on the previous slide . The third and p rhaps os important col mn 

shows the solub le hyd rocarbons in hundr ds of pa rt s p r mil ion. Pl a 

no e that , exclusive of the l im ston s , h · ur i nd i a te s rn{ni um 

a lu s of sli ghtly m r e than 100 m and a maximum alue of neat:ly 00 

ppm near the base o th e sourc - b d interval Also n ce tha t h 

second high es t value--abou t 55 ppm- -occurs abo th sourc -b d in ~ r-

a l in a bed containing only 0 . p rc n organ;c arbon . I b l i v ha 

there is some significance to th fa that the h i gh st solubl e 

hydroc arbon va lu s occur ad' acent to thick limeston s a the to ~ nd 

bottom of the column in rocks tha t do not show high organic c rbon 

values . This i sm r ly a specul a ion, but could 1 cse a sso ·iations of 

high soluble ydrocarbon and low organic carbon indica tha hydro ar -

bons wer expell d upward and dow~ward from tt mai n body o sourc 

b ds un il th y encount red hick, rath r i mp r ious li 1 ston s : 

Ano th r significant f atur of thi s third column is th i ghe r solubl · 

hydrocarbon content o f th thin micrit s -- 22 to 370 ppm--as shown by 

th sharp d ·flec tions o f the c urv Lo th ri gh in direct li gn en 

i h h l e ftward _fl · ons ir thL second c lumn . 0 iousl -, Lh 

int . rb d ~ d limestone yi ~ ld much mo solubl e hyd r oca rbon s p r uni 

f org ni carb n t n d th muds one The f ourth c l uri m shows a 
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curve giving the pe rc entage of carbonate . The s arp d fl c tions reflec t 

lime s t one interb ds and parallel the de 1 c t ions in th hydrocarbon 

curve . Mor over, the r e i s a genera l parall l ism o f t1e hird an 

fou rth curve s , which shows t hat t h yi e ld of solubl hydrocarbons i s 

direct l y proportiona l to th e ca r bona t con t nt o f t h mud s t ones . 

Ano the r s pec ul ation--i s i t possibl tha t some ty p s o f lim s one ma k 

b tt r source beds than shales ·r mudstones ? 

The fifth column shows matu r a ion va lues ba ed on 5 s ampl es or 

which i s ual k rogen ana lys s w r p form d . Th e X' s s how th e plots 

of ind iv idua l sampl s , wh r as the dash d l i ne nclo s ing th m s ho\v he 

rang of va l ue s to be from 1+ to 2/ 2+. Such alu s indica t e n a ly 

op t i mum condit i on s o f matur ation . This indication is support d by 

conodont a lterat i on-colors , which have ind_x numb rs o f l~ to 2, 

s ugges ting that h ~· maxi mum ternperatur to which this sourc - b d in r l 

was subj ct d was about 100° Centigrade . This compar s ith mp ratu r · 

only as high a s 140° Cen t r i grade , a l so det rmined from conodon s , for 

the wes e rnmost out c rops o f th same sourc -bed int r al in ast r n 

1evada . Cer tainly , s uch a rang of temperatures does no t i nd ica e 

ov ·rcooking by a hi gh reg ional thermal gradi nt. 

In summary , I b lie e I ha e demons ra d hat proba bl sourc b d 

do xist in th e l ow r part of t he Pi lot Sl:al • Their pr s nt-day 

l ann ss may be du p rtly Lo slight al t ration or si licif icat ion that 

occur d aft r xpul sion o f etrol urn and partly to ore rec ent 

d radn i on by s urf "cial ~ ea th ring . or e r , mos o f th se roc ks 

rema in at or near p i murn maturation and we r not regionally o rcook d , 



dispelling the myth of excessive thermal gradient in the eastern G at 

Ba sin. Future work on the Pilot Shale inc lud s core- a pl ing the 

source beds wet l below the zone of surficial w athering and establishin 

arameters for documenting probable paths of astwa d m· gr t ion of 

xpelled p trol eum. I hope these r sults will justif my ntlu ' i · srn 

f or expounding the attributes of th e a s tern r at Basin and t a t h 

G ol gi ca l Survey and the pet rol eum industr 7ill b abl o Cv l bo r t 

in dev loping this n w frontier basin. I will b happ to an s · ur 

questions in pu l ie or in priva e . Thank you :or li st n·ng . 
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