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cxtion of GamiLa-hby Lo^s oi Oil icelle to tne

Discovery oi Kadiotctive ore

by 

Garland B. Gott

Abstract

A tlud> of 1,000 Craiumti-rtay lo*s oi oil veils in the central 

jjfcrt of the united cjtbtos nas continued tne utility of these logs 

for the detection or radioactive deposits, kadiometric analyses 

oi' £00 f«-.-;st oi" cor>ja 1'rom veils tiiat n:^d Deen ^br^ti-ra^ logged in- 

dicatti that ere inc.,: of deflect!jii on a Luad-iells tyr e of gaoma- 

ray log, made ut a sensitivity seals., oi 10 xnoii'-s, i-tjjjr^onts a^- 

jjroxiiaatoi^ 0.0006 jercynt e'-jUivhlont uraniuLt. in normal s^aiL^en- 

tary rocks the raaioactivitj is £-.«rit;rall,y uniforiL &o IJA^ as the 

Li tLolo^ic ciiaractorisL4,C8 ar?; uiiifoni.; tilts iiri..o£tont;S ana «ana- 

etoii'-TS Chuae tucj sruall^tt deridotioiiS,&nd tne oiack shtioo. the 

greatest. in one area, non-mar in*-; trkosic t:»airuonti. *-.rw contiGwr- 

ably mor-3 raaioactive than tn^ ji;<urind aediiuents. A cross-Section 

of one oil fly Id enovs a correlation oet\»o«n aononualli- nigh radio- 

aoti\-3 r.onoe c-jnd &-jne overlying Holium-^rociucin formations.

introduce!

i-ra> logs, made by raiting, a radiation detector tnrougn 

t veil borts and continuously iLaaeurint: ana recording the intensity 

of e aBJU£. radiation, L^re first used by th^ ^c-aroleuti inou&try about 

ton y^aj-s a^-o. £inc.'a thbt tin ^ several thousand oil vv^lls v*.itnin
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the united Sr-utss have oeen IO^CG in tids manner. Sucii lo^.s are 

usja ^rincipallj- tvj intor^ret trie stratigraphy in the older wells 

Vnich nave been ctiEeci. and for \vhioL adequate strati graphic deta 

are lacking. Because they shoyv tn-j amount of &aiuua radiation, 

ti.oir use for cijtec'cin^;. radioactive deposits nay oe equally as ii;ijbjort- 

ant .

As a Aroht noiat^r of io^s has been r^aau by tne oil 

and many i/.-ill be- iLactc in tno future, ana as the area already e 

by this teciini-iue ie Large, an invosti^ation rias been started by tne 

U. S. Geological cui'v-^ for t;.^ AtoiLic jiner^y Corauifcsion to determine 

the Yalue of tndae lofe-s in the sear-ca for radioactive ore a^osits. 

Ap^roxiiLately one thousand ^amma-ray togs, ^rincijjaliy of wells in 

Oklahoma and Kansas, havj been collected ana stuaied. Ke^resentative 

eorus oi £Kff\L&-rB.j logged veils have b^en enaly^ed, and an a^^rozin-ate 

calibration I'or thu Lane-^ells ty^-e of gatfJua-ray log has oeen es~ 

tablislied. Although, ar- i.as ex^o-cted, ruost of tne iriforniation ootained 

i'roiu these logs has bjen of a negative nature, selection of tnree ar^as 

of abnonnally high radiDactivily for further study c^Jin be directly 

attributed to tuis tecnniuue of i

iiescription oi ii.lu£t rat ions

Figure-; 1. — As an initial stev i*i this invssti^ation the relative 

degree of radioactivity re^resentea b^ a unit deflection on gamma-ray 

logs wat. detoriuinwu oy raciioiiiotric and chemical analyses of &00 cor- 

cori salaies. J'rom tho^ed j.ata it i.a{~ Qc





eri^irical!^ that one incu ol deflection on a Ltme-1-ells gouta-ray 

log, uic.de at a feneitivitj scale of 10 incnus, r^rosente a^roxiiuately 

0.00^8 percent of equivalent uranium. Figure I snows gra^hic&llj a corn- 

prison between one short ^ogment of a £fcaoua-ray curve and this curve 

Owt.ciined. b;> plotting the radioniefcric analysis of the corresponding 

cores. Tnis call oration, is only a^.rojiaate as aani con^licating 

faotora iiavu not ooen tokeii into account. Tne most iii^ortuit of theso 

L.T& tne thickness versus grade of ine oed, tne fluid content of tne 

v-ell, the shielding effect of tne casine in cased v^lis, aifferences 

in inaiviaual instruE.ent.'3, end. tne rtitd of movement of the ionization 

chac'.fcer although it is generally rt.i8.jd &t tiiu saiL-j rc,te of s^eed in 

all wells. Wo'vertLeloss, for tne pur^oc-o of ueliDiiting. the most 

luvorable areas an &^ :,roxiiuate caiioratioi. is extrwruely helpful.

Tjie gsmma-ray lodging e^ui^Cient luost oomiLonlv used rocoras 

differences as low as a f^v, tt?n-tnou£andths of a percent equivalent 

uranium. Tne lov^-sr limit is dependent u^on tnu eensitivitj scale 

at U'hich the v.^11 is logged, feucn small aiff-^rences, nov,ever, are 

of littles value for a stratigrc^nic interpretation oi the logs ex- 

c^ft in so far as the ^.rose £,attorn n&y oe r^coyiiiable froik one 

well to anotnur. On the oth^r hand, diflorynces in aei'lection lur^e 

enough to i-erruit iaontification of individual oeas are often yieldeo 

by different litno.los.ies vvher-o the; ueds in s.u«btion are t.s thick as 

the length of the ionization chamber. The variation in deflection

Q. uy a cntmge in litliology is ^t,rticularly ^ronounceu oetv-een





shales ana tin-;- otnor t\;din,.o'ntar;y rock ty^js. iNitiVortheless, t. fairly 

ruliaole interpretation can commonly ce ruaue ooti/.e^n sandstones, lime- 

rio-s, ana dolor/dtos, by using a neutron lot in conjunction witn a 

,.£-raj- lo£-. This is particularly time it tno stratigrajjidc s^c~ 

tioii is well know*.

Any radical incroas^ in radioactivity ovor that exacted in a 

norc.al £'.j v,uencs of rocks inaicatos an aonorm&l concent rat ior. of raaio- 

Lctivj yleu^nis ana is, tJi.,refore, of ^articular interest,

Figure ^»—This rtratigrannie Section okoi.t tn^ normal varia­ 

tion in radioactivity botv.e-.jn black: ana ^.'ray snalt, limestone, dolo- 

niite, and sanastone. T&o black carojnaceouG snaL^ snowi n^ar the 

to^ of the section is the Cnattanoo^a snale oi U^fcr L'^vonian end 

lo\^r kissis&i^.ian a^e that iiiid^rlles an ar^a of s^voral hun&rea 

thousand sonars f/.-ilet in tiie central United States. Ine Chattanooga 

shalj ^enetratoa o u.- tnis Vveli i« otJtiiriatud, from tho ^anjua-ray log, 

to contain aoout 0.008 ^-^rccnt equivalent u rani OIL, thd a^^rojciitiate 

av-^rsge content of ooth tjuri'ace and subsurface sai^les. The radio­ 

activity of thit oed ib remarK.aLly uniform ovor v.ioc arci^s and, as 

it aau£.-3J:; nigher deflections than oth^r ocaa in tnis jjart oi" the 

fc'trbtigraphic section, it can always b^ r^cognizaa on gUMua-ray logs.

The frey shole underi;-ii4,v thu black Cxi&ttenooga shale is indi­ 

cated on th ;j f-aniiie-ray log by a nucn shorter deiluction. The 

l^irife: limoctonaa, dolomites, and scnastonos arj in turn represe 

oy much snorter deflections than the shales. Tht> ty^w of deflections





on this ^articular log uavw ueon du^licat'dd ^anv uunctreds of

. — In ccaut>fc.ri&on vdtn .figure 2 .this- illustration

t?nov.s a £anjma-ray lo^ of sediments containing iuore than a normal 

aiuount of tiie radioactive oleiLents. It is of interest to no to that 

t.Lu non-marine arko&eG caused the nighe&t dolleotions ana tne marine 

beds caused. Uir, lofcvost. The iitost radioactive ariiot^s \vsre aeriv^d 

from a nearby ronnsjivaidan mountain ran^u coL^os,;d of granitic rocks, 

ana tha ^v>ruenta,f.oj of radioacLiVc elements in tueets granitic rocks, 

so Itr a& is kno^n, is consiiioraoi^ luCb than that or tne arko&^s 

snovvn on this Log. Tne inference is, therefore, that tne radioactive 

cler;..sntK v.ere concentroteo. in the arl-os-jb either tnrou^a mecnanical 

^rocjsa-js or b^ loaoranfr of the raaioactive nanurale bnd subso-^uerit 

;. Ov.,i<iOTrt throu^a tL-u madiuiii or t?rouna vat or.

j\.o no otner ^aL^a-ray IO £ F are available froiu this ar^e, it is 

not know: another the radioactivity of tnw arkoscss is consistently 

tibovc normal, but tne ^retence oi noliuin in tne S&ILO bvsds, fartner to 

thu vest, j-u^^jsts that it may be.

Figure 4» — ^i^ure 4 coi^ares normal marine sedimentary rocks 

int- of liaL-Etone, shale, &nd Sbnd&tone in v.ell JMG. 1 %ith 

-nt, out radioactive, oeds or the saiue litnolo^ in veil Ko. 2 

one-L'u-crtar of a nils away. The two logs demonstrate the value of 

using fcucn date \.nenov ..r they are ovaiiaole. kithout a feamraa-ray 

log of veil IMG. & thtf ^.resencL. of tht; hignly radioactive zone con- 

t&inin£ an estimated 0.14 percent equivalent uranium v--ould nevur have





Both of these wells were drilled about 30 years ago before the 

custom of saving samples was started* Consequently, the cause of

the radioactivity cannot be determined from samples. Radium-bearing 

celestite pipe scale found at the surface, however, suggests that a 

uranium source may be present in the nearby beds through which the 

fluids have circulated*

Figure 5•—The cross-section shown on figure 5 is of particu­ 

lar interest because of the abnormally high deflections on the 

gamma-ray logs and because the same wells that have penetrated radio­ 

active horizons have also produced commercial quantities of helium*

The youngest bed shown on figure 5, is from 1,500 to 2,000 feet 

below the surface. It will be noted that approximately 1,000 feet 

below this bed there is a pre-Pennsylvanian faulted and truncated anti­ 

cline. Movement continued, however, throughout Pennsylvanian time, and

:' it is probable that there was some displacement in the lower Pennsyl*
*.

vanian beds. Because Surface elevations of the wells plotted on this
*»1
* cross-section were not available the base of the Douglas shale was

selected as a datum plane. Consequently, the present structure is not 

reflected. The presence of the fault shown on the east side of the 

anticline has been well established, although its exact location and 

inclination are not known to the writer* The fault drawn along the west 

side of the anticline is an interpretation from inadequate subsurface 

data. The fault plane has, therefore, been shown in a vertical position.
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Vfell No. 4 is actually much closer to the western fault than 

it is to the eastern one. However, in order to get all the infor­ 

mation in a small space, the horizontal scale has been distorted. 

It is possible that the high radioactive zones represented on the 

gamma-ray logs conform to a fault plane of small displacement or to 

a fractured zone above a fault plane.

The equivalent uranium content of the radioactive horizons, 

estimated from the gamma-ray logs, ranges from about 0.05 percent 

in well No. 3 to 0.2 percent in well No. 1. Appreciable quantities 

of radium-bearing celestite (SrSO/^) pipe coating has formed on the 

inner surface of the pipes through which the oil and water flow after 

they are pumped from the wells. This coating contains as much as 1,5 

percent equivalent uranium, mostly in the form of radium. Oil and 

water samples taken from these pipes contained a uranium content 

ranging up to 0,7 part per million. Abnormally high radioactivity 

has been found over an area approximately 35 by 100 miles in extent, 

but the maximum extent has not been determined. So much radium scat­ 

tered over such a large area may indicate the presence of a very 

significant quantity of uranium,

Vertical bars are plotted through the position of the beds that 

have produced helium; however, another helium-producing formation is 

800 feet higher than the top of this section. Although in well No, 3 

the radioactive zone corresponds to the helium-producing beds, the 

radioactive beds usually underlie the helium-producing formations.
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Con cla si on s

Quo' company alone has n»t.ae ^urxia-ray lo^s of oil vkells tt the 

rat<"> 01' aoout £,000 .per y^ar over lar&w; ar-^as Vvithin the Lid-conti­ 

nent, Gulf Coast, Kocky mountain, and pacific Coast regions, *s they 

shov. positive anomalies, the luore ^romieiiig araas are sot a^t.rt from 

•cno thousands of square mile^ ol* barren rocks. Several oi' th^ee logs 

hiive pointed tiiO vvfey toward areas of abnormally radioactive rooks 

T/.tiere therts ic r^-ason to hojjo that uraniuru ore ae^osits Vvill be found.

Re tsult s obtained iroiu the stao.;; of 1,OOU ^annaa- ray lo^s dis- 

tricutca through tv.j st&tea indic&to tnat thvjse lo^s ar<j a useful 

means of dottiHrdiun£: Ee-iui-^uantitLtiVcsl^ thb- &i;iount of radioactivity 

in suosurface rocks ana indicate as v.wll tnat taey should bw used 

vvhenv3V...r they arw uvaiLuble for rugional reconnaissance investigations 

of rt-ai
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A COMPARISON OF RADIOACTIVITY CAUSED
BY DIFFERENT ROCK TYPES

SOUTH CENTRAL OKLAHOMA

Depth 
in feet

3900 H
Alternating 
Limestone 
and Shale

4000H

Black
Carbonaceous— 

Shaie

Sands

Gray 
Shale

4200 H
Limestone

Dolomite

4300-1
Sandstone

Dolomite 
So 

Dolomite
Shale438

MID-CONTINENT-SMITH NO. 3
Figure 2
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2% Helium 800 feet 
higher in section

GENERALIZED RELATIONSHIP OF RADIOACTIVITY TO HELIUM, 
LITHOLOGY, AND PRE-PENNSYLVANIAN STRUCTURE.

NORTH AUGUSTA FIELD, KANSAS

EXPLANATION
O Limestone
i/ / i n-u-_ii_ { y /| UOfOmfPB

|§! Oolitic limestone 

ggjj} Cherty limestone 

BSfl Cherty dolomHe 

@ Block shote

Gray shale

gg-jjjl Gray sandy shale 

gXS3 Voriagotcd shate 

fe^l fted shate

Green shate 

EV#| Sandstone

I Helium producing 
horizons

|2J Sensmvity scote

Note; No horizontal scale
Vertical scale exagerated

-I——fr 
DEVON­ 

IAN

100

L300
Vertical 

scale 
in feet

Figure 6


