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OF TEE CARISBAD D-T, EEt4 MEXICO 
. 

C. L. Jones, C. G. Bowles, and K. G. Bell 

ABSTRACT 

mermntal logging of holes drilled tkougb potash degosita in 

the Carlsbad d i s t r i c t ,  southeastern lPew Mexico, dexnonstrate the consider- 

able u t i l i t y  of gamma-ray, w o n ,  and electr ical  r e s i s t i v i t y  logging in 

the search fur 8pd identification of mineable deposits of sy lv i te  8pd 

laagbeinlte. Such deposits are strongly radioactive v i t h  both gamuta-my 

and neutran w e l l  logging. Their radioactivity serves t o  distinguish thezn 

front claystone, sandstone, a d  polyhalite bedsbeds and from potash deposits 
. . 

:ontaining c-te, leamite, and kainite. These latter strata 8pd 

deposits are radioactive v i t h  gamm-ray logging but yield no radiation 

vith neztzon logging. Paraas beds, such as sandstone strata, and solu- 

t ion  cavities, such as those cammanly farmed in potash deposits by rotaxy 

drflas of evaporLtes, are l e s s  -resistive than 0th- materials. faw 

resistivity provides a means far differentiating between potash deposits 

and p o l y U t e  beds on e lec t r i ca l  resistivity logs of holes drilled u i th  

fresh-water and salt-base muds. 



aa- potassium includes 0.012 percent of the @ isotope. ~s 

isofope is rsdloactive, bas a b a U - U e  of 1.3 x 109 year9, and d t s  

beta psst ic les  and ginria-rays ( ~ i r c h ,  1 9 5 ~ ) .  Arry potassium present in 

rock fonnationa contributes t o  the t o t a l  quantity of gammacrays me-ed 

d.rrring --ray 10- of dr i l l  holes. The amount of potessium corn- 

mow present in terrestrial m a t e r i a l s  i s  often so small that  the g m n a -  

rsys  emitted by i t s  r a o a c t i v e  isotope are not a s ignif icat  factor 13 

the  interp-etation of --ray logs. However, rocks, such as some 

evaparites of marine arigin, contain appreciable amounts of potassiull, 

and show annmnlous radioactivity on gamma-ray logs of d r i l l  holes. 

~ e r b z n t a l  gamma-ray logging of f ive  core holes dr i l led through 

potash deposits and potassium-rich s t r a t a  of the Sahdo fokmtion in 

southeastern I k w  Mexico was hertaken by the  Geologicai Surrey dzt-ing 

the period of June 1950 t o  Febmary 1952. Gnmmnray logs of the f ive 

- d r i l l  holes were made by the Geological Survey. Under contract with the 

Geological Surrey gamna-ray and neutron logs of three of the d r i l l  koles 

were made by one contractor, and gamma-ray and electr ical  r s s i s t iv i ty  

logs were made of the same holes by another contractor. The long t ine  

interwl betueen the start and the completion of this eqc-irnental work 

resulted from the requirements established fo r  the selection of dri?! 

holes. It was essential  that the d r i l l  holes peneLwate sevezal VJQS cf 

deposits. A depth limitation on the logging operations was m o s e d  kj 

the cable length available on the Geological 3urvey:s logging equi?ment, 

and by the additio- cost of prwaring tfie Lwill holos ,"a= the I z g e r  

diameter instruments used by the commercial v e l l  surveyilq cozpniss.  



Theref-, msrry of tbe d r i l l  holes completed during this ptriod could mt 

be used far the txperlmental work. 

!Ehe irmestLgstion was uzzdertaken by the Gealogical Sumey as p= 

of a stadg of the potash resources of southeastern Hew Mexico. The 

objectives of the experimental 10- w e r e :  (1) t o  determine the feasi- 

b-ty of I d r r a t m  potash degosita fram radioactivity and e lec t r i ca l  

hsistivitg logs of holes dril led in explacation far. o i l  and gas; (2) t o  

explme the possibilities of thickness and det-tions 

of patash deposits fran gannna-ray logs; and (3) t o  detemine whether 

llOt deposits of -aus potaaaium m i n e s  crm be distinguished frcm 

deposits of hydrous potassium minerals by means of e i the r  neutron logs or 

-electr ical  r e s i s t iv i ty  logs. The successful use of any of these 10- 

te-s aid the S C L Z  far. ptaah deposits, bet-e o i l  &qaaies 

d r i l l  meng hhles thruugh evaporites i r o m  vhich the cores are not taken, 

but i n  which radioactivity and ele-cal r e s i s t iv i ty  logs are d e .  

The d r i l l  holes in which experimental logging was conducted &e in 

the -Isbad potash district. This d i s t r i c t  comprises about 1,050 square 

miles in central  eastem Eddy Camty and western Lea Cuunty, l?ew Mexico 

(w map of f- I). The marine evaporites of the area w e r e  describe5 

by E r o d e i n  (1939)~ Lazlg (1942), and Adems (1944). An erceUent disczip 

t i o n  of the minezals which occur in the emparrites of the azea vas wesen=& 

by Snhal7er  and Henderson (l932), and Emlap (1951) describes a ~ o t a s h  

deposit exposed in undergeound workings on the 800' l eve l  of the Interzat l~nsL 

M i m m b  & Chemical Carp. mine. 

The experimental logging of d r i l l  holes was csrried out with the 

cooperation of the International Minerals & Chemlcal C q . ,  the Potash 

C a p -  of and the Southwest Potash Corp., all of  whom p e m i t t e c  



access t o  t h e e  &ill holes and provided analyt ical  data on fhe cheznical 

composition br the  c o a s  ze-efmezed *am their W e s .  The Lane Wells 

C v ,  S m g e , ~  t J e Y  Surveying Corp., and Mr. F d  C. T5as of F m  

Uarth,  T r ~ n n  contributed g e e  infarmation and copies of typ ica l  -0- 

a c t i v i t y  and elect=ical  r=sistivlty logs of holes ellled f a r  011 snri gas. 

The sedimentary rocks penetrsted by holes drilled far potash de;osits 

mcks of late ~ezmian age coqosed dminatly of &ine 

emgarites vith amounts of &lamite and red beds. They sre divided, 

- in an asce&ugrrg *, Fnto .the Casti le ,  Salado, and Ml- fos~lations . 
0 

The Castile formation consists  af about two-thdrb laminated snhyd;ite a d  

one-thlrd salt; the  Salad0 fan&ion 1s d a n b a ~ b l y  sd t ;  and the Rustlez 

f ama t ion  camprises iat~~bedded m o i t e ,  dolomite, red beds, arid salt. 

These late Pezeaian rocks attsin s maximum thickness of almost 5,000 f ee t  

in the Delaware basfn--a =ge dep-ression ia whi& t2e  southe,- 

hall of the CroLsbad diseict is located (index map of  figme 1). PA 

ewpar i t e s  extend beyond the =gin of the bas- Into the sdjoiuing 

stnrcturallg hi- lbrthwestezn Shelf t o  the  north a d  Czrtrsl Bash 

Platforsn t o  tSe east (index map of figus? 1 ) .  3 e r ~  t k  e v a ~ o r i t e s  rgst 

on dolamiL,e and -ite of +,he Tans=  formstion of U t e  F&z= -2. 

The upper surface of the  Pezzsn  z o c h  ir $he ares is =ke& %- s s m c -  

tural  b e a k  along which the st~9t.a ~2 t b z c a t e d  and =~2uced b t*izk~ss 5 .  

ELesting unconfomably on the q p e r  Pemian e=poritcs of tks s r e ~  

=e 1,200 f ee t  of red beds. %e -??d beds are  ccqossd of z%Usk-kctn 



claystone, s i l t s t one ,  and fine- t o  coarse-graixeC sandstoce, . Yld z s  

divided, in ap ascending W, hrto the P i e c e  Canyon rdbeds Jcd +he 

3-a Rosa sandstone (L,ang, 1 9 2 ) .  Tke r e d  beds of t he  two f ~ m t i O n S  

m y  range from l a t e  ~ennfaa(?) 20 Late Trfassic in sge, 

The l k i a s s i c  red beds m e  unconfonnably mewlain Sy %he Ga- 

formation and s u r f i c i a l  deposits of @ate-rpgz age- The G a m  farm3- 

t i o n  is a poarly bedded, semiconsolidated body:of rsddish-brown clay- 

stone, s i l t s tone ,  and conqlome=stic sandstoae, a d  .- of i3s constftuznts 

derived AT- the ~n~dbeds of the  Pierce Canyon sPd. Sa=',s Rosa f-ticm* 

The surf i c i s l  &posits  of the ares include videsprsad cdicf ie ,  Uxvl.m 

composed of clay, s i l t ,  sand, srd pave l , ,p l sya  &=posits c 3 n s i s ' ; i ~  of 

sd*, gypsum, and cslcsreaus and gypsiferous clay a d  silt;, and loose, 

wind.-blown sand, Quaterna=y rocks and deposits g e n c s l l y  sz= tur; 

altaough 10caU.y they thicken t o  about 400 f ze t .  

farmation, This farmation i 3  l a rge ly  a mono+,ocous seqpencs of thin-  

bedded U t e  interrupted at  Lzeguhzw and widely spsczd intervals by 

layers composed of m - i t e ,  polyhalite, aod mixtur3s of z5s Wo 

ndnerals ( f i g ,  1 ) .  A few fine-grsined sandstones and s i l t s t ones  axe 

interbedded with the U t e ,  d t b  p s y  claystone seaas C,ypicslly z e  

present at  t& base of anbydritz and solyhs ' i te  beds. Defzi5al. mal..szisls 

consisting of clay, mica, a?ld qya=-tz are  pzesent i n  many of 352 '&it? 

beds, and sccount f a r  ss mcb as 25' perceat of t.hs .=011~tiCUzzts in sene 

salt beds. Most of the h a l i t e  s'gsta c o n t a b  W r  s m m 5 s  of rrc~sssium 

minerals which seldom excsed 5 percent. I h z  rpo~t. a9mn&.ct. d v i d z s ~ ~ - ~ = - I  

ootassium ae ra l s  in the  f ormzion are golykalif e , sylvi',t, l~ag'ceini'; = 

c=nnll l te ,  kalni te ,  and l=oni5ae 3 e ~  composition i; as f s"wa 9 



Mh.ex8.l Camposition 

Sglv i te  and l a agbe ld t e  are the  only anhydrous potassium minerals i~ %he 

Salado fomation, and they are at present t he  only gotassiurn rninezsls of 

economic importace . 
P o l y U t e ,  which is one of the  hydrous minerals, is t h e  mst 

abundaPt and videspread potassium mine-. . It is not economic- -3.0 

able,  but I s  w r t a n t  in tbe mat-aphy of the Sa!siln fomtation. P-e 

mineral farms discrete  beds, and occurs with anhydrits in other beds. 

These polyhalite-anhydrite beds are widespread, l a t e r a l l y  pers i s tan t  

'Layers t ha t  s& as s t r a t i m p h i c  =ker beds. gome of them ere recog- 

nized by names, such as the Union anhydzite of loce l  usage, and o t h e s  

8ze recognized by rnnnber. 16umb=ing of potassium-bearing beds w a s  iztz3- 

W e d  by Smith ( 1 9 9 ) .  A modification of his system cuzrrently is used by 

most of the po-h campanies in +;he Carlsbad di-ict. The golyhalitc- 

-ite marker beds are  numbered, and salt beds containing potash 

deposits a re  given aames, such as the F i r s t  Ore Zone. The l i thologlz  

character and thickness of the  polyhslite-anhydrite - k ~ z  beds, the 

potassium-bearing ore zones, and the name or number by xhich eech bed c 

~ u u p  of beds is recognized 8-e s h m  on the composite coiumn= secclloc 



The are zone containing the potash deposits of econnmic inteest 

arc in the middle p& of t h e  Sslado formtion.  %e d tpos i t s  are cam- 

pact mineral bodies that have a sharp outl ine agaicst  the salt beds. 

They cansist  of a mirture of U t e  uith minor clay and quazztz and one 

or mare of tbe hlghlg soluble potasaim minerals--sylvite, langbelnite, 

c ~ ~ t e ,  m t e ,  and leonlte-8nd associated magnesium ?ninersTs, 

such as kieser i te ,  hloedite,  and vanthoff ite. Polyhalite m y  o c c c  13 

the  deposits, but it is always a mbm constituent, aversgtng l e s s  thac 

3 pezceaz. The potassium and associated magnesim salts generslly 

a c c m  foz 25 t o  45 pezcerrt of min- c o n s t i t u e ~ t 3  of t h e  degosits,  

although local ly  t he  sal+,s occur in conctrrt,rations as grest as 90 per- 

cent. The clay a d  m z  content of the deposits ranges from 2 t o  6 

perc-. 'The deposits attain a nr4lrtrmnn thiclmess of a b m t  21 feet, but 

their average th ic lness  is abuut 4 t o  5 feet.  

The equApment used by t h e  Geological S m e y  is Uke that commnnly 

used in routine gamma-ray logging of uranium deposits except fm tke 

size of counter tubes. Imsmch as the  potash deposits ax cons ide-  

ahly l e s s  -9dlo&tlve than uranium deposits, re la t ive ly  le 'ge counter 

tubes wcwe used t o  obtain a high counting =ate. The c o u n f ~  tubes vkWe 

of two sizes--1 inch in diameter by E inches in lengsk and 2 i n c k s  i3 

dianeter by 20 inches i?l length. The cammezcial logging companies used 

equipment ident ical  t o  t h a t  used in routice logg4ing operstions of o r l  

and gss holes: one with an ionization ember and tk o ~ h e r  vi5L 3 

Geiger-MueUer ccruntez tube a s  detecfiag element. Tcchcical desai ls  

of the equipment were not Arrnished with the logs. 



mer imenta l  logging was csrried out i n  five r F - I Y  holes 3y $he 

Geologicsl SUIT and in three of the five holes by the  commercial 

caqan ies  . (table 1). The &ill holes contained 5-inch inside diameter 

CSEU *?an the surface t o  the "top of salt," and ueze uncaeed f ra~ the 

"tap of saltn to t o t a l  depth. Dri'llinp fluid f i l led tb holes t o  wi t -  

s few f - of the surface. The d r i l l i q  fluid was a saturated solution 

of pd-s imn and scdium m a r i d e  in which all of the potasaim ainezr8J.s 

e x z q t  carnall i te were stable. The cores ,-ecoversd from the &ill coles 

9 W e d  evidence uf the solution of c a n a l l i t e ,  and othez evibzlce of 

solution 

the holes. 

salt beds 

on the r e s i s t iv i ty  

f onnat ion w e r e  

logs 

bottom- 

disckwge type of diamond ccre b i t ,  having an extexnaI. ciiame+,er of 3-5/8 

Whes, asd yielding a 2-1/2-- diameter car?. .D?L care was zeco~e,~%d 

.b S f o a t  sections with a double-tube core -el. Care =rcmery exceeLc", 

98 percent far each of the d r i l l  koles, and was 100 percez-t fkrough all of 

the  potash deposits. 

Tke t k e e  &ill holes in which the private c q a n i e s  conducted 

logging operations were reamed t o  L3/4 inches diameter sftpr coring. 

Reamkg .to a leg= diameter w a s  r e w d  i n  order t o  accommodate the 

r s l a t ive ly  lasge-diametez well-logging i n s ~ m e n f s  used 5y the two c o q c e s  



TABLE 1.--SUMMARY OF D R I U  HOLE DATA 

Sovthwe8.t Potash 
Corportit lon 

InLcrcurLionrrl Minerah 
& Chenrl cal Corpora- 
tion 

POI.RSI~ Company of 
krlericu 

-- - ---- .---. ----.-- - -- 
T. n I;t:r.n:r.l,ionci~l. M.Lncrala 

& Chuln L I : ~  I. Oorpora.. 
i11.ion 

.. --  . ---.---...---.--- 

I rr I t3:r: ~I;I I. iot.~tr.l. M l r~crale  
& Ct~c:ln.l cirl Cr~rpc)rh-. 
1: i orr 

- - -. .. . --- --.,--. -- ..-. -.- -.- 

Hole no. 
L-y- 

5 5 

Location -- 
BE 114 NE 1/4, eec. 15, 
T. 19 S., R. 30 E. 

Center of 9W 1/4, sec. 7, 
'J: 22 8., R. 30 E. 

NE l/4 W 1/4, sec. 35, 
F. 19 S., R. 30 E. 

Center of BE 1/4, sue. 20, 
T. 22 s., n. 30 E. 

Loa~od by 

Commercial comquny (1) 

Commercial co~npany (2) 

U. 9. Geological Survey 

Co~rcial company (1) 

Commercial company (2) 

U. 3. Geological Survey 

Commercial company ( 1) 

Commercial company (2) 

U. 9. Geological Survey ---- - 

U. 3. Geological Survey 

---..---.. 
U. 3. Oeo1.og.i c:nL Survey 

Type of log 

Gamma-ray, electr i- 
cal reeietivity 

Gamnra-ray, lithologic 

Gamma-ray, neutron 

Gamma-ray, electrt- 
cal resistivity 

V) 

 amm ma-ray, lithologic 

Gamma-ray , neutron 
Gamma-ray, electri- 
cal resistivity 

--------- 
G;rmmr-my, I..Lt,ho Logic 



m e s  of potash are and rocks &am the evaparite w a i t s  in tbe 

dissfct vere aaa3y'zed far urtu13.m sad t h a r i u m  by the GeologicsS Survey. 

5= rcsrrlta show that potassium is the majar source of gmma radiation 

in the reeks and minersl &yosits of the srea. Thor- is not preeest 

in detectable conceotratiuns; a d  most  of the rocks contain Less t h a ~  

0.001 perceat of ursaium. Harever, sandstone beds neax top of 

farmstion (fig. 1) contafn as rmtca as 0,001 =cent of -urn, 

and mu& of their radioactivity is -ived from uranium a d  its decq  

m s -  

Tbe ccaes obtained from the d r i l l  holes logged by the th-et or-- 

zations were passed .tbruugh a radiclmetric care scanner in which the 

rsdioactivltg of d r i l l  cores was measured. This w a ~ k  was dodone t o  detew- 

m3ne the prrscticabillty of a.nalyzing cares by -zadlametric methods. 

Initial ca l lks t ion  of the in tams of potash (~20) concen- 

tration wss established by tes ts  on s-ted cores corrtaiPing Emam 

amolrrri;~ of potash and was maiatained th-8fter by periodic checks. The 

cares wexwe sc- in 1-f oot segnents, This shcFt length was adopted 

hole 10%- w e r e  used in the cast scanner. Initial tes ts  we conducted 

with a 1 minute cuunting period; but this proved too short t o  obtain 

accurate results. Incressing the l e e  of the counting Fiod showed 

that c u u x t a  periods too long far  practicsl use were re--ad f o ojts in 

=asonably accurate results. This circumsta?lc% i s  cha."8~3-o-istic of fhp 

countez tubes used in the experhea+,al wark 9-nd is not s condenna,tioz cf 

the technique. 0th- detectors having highez count4- rP_tes ~rcba5ly T!- 

give acmrate zesults in a short counting p&-iod. 



W r i t t e n  descrigcions of the cores were prep- in considersble 

detail, and were used in plotting lithologLc logs of thc i n d i v i d  

holes. l ogs  - used the  

gsnnn&rsy, neutron, ad e l e c t r i c s l  resistivity logs t o  locate and 

ident i fy  the niberalogic, terhrral, or strtzc- featzrrt fkum which 

~ v i ~  deflect ions are derived, The cores weze re-Pmmined, as 

necessary, t o  canfirm the caxrela t ion of geology and geopwsical  

The cares selected for chemical analysis  included roc% and 

deposits consisting of lndivldual potassium minerals and mlxt.llres of 

several potassium &=ah. %!he cares were broken in to  samples ranging 

*am 3 t o  18 inches in length; -amity of potash (%a) content and 

mineral. composition determined the length of indlvidnaL saqLes .  The 

s8nqL.e~ ~ e ~ e  halved, One was analyzed by the c- d r U u  the 

U e  f rom which the core vas obtained and the  other part was retained 

by the c a m p q  as refexencs mate-ial. 

~ R A P ' L O G S  

Gaunm-ray logs are mghs showing the dis t r ibut ion and r e l a t i v e  

co~cerrtrat ion of' radioactive elements fn rocks penetrated by a &ill 

bole. The depth below surface, -ick f loar ,  or co l la r  of the bole is 

rec- on ordinate (vezrtical axis)  of the saph and var ia t ions  of 

in tensi ty  in gaxma rad ia t ion  is p lo t ted  on the abscissa ( h o r i z o ~ t a l  Ms).  

The re la t ive  in tensi ty  of radia t ion,  which increases f r o m  l e f t  t o  rim 
the some such 

counts pez second. 



Tbe -ray logs of the thee drill holes logged by the Geologicsl 

Survey and the' c-ia.1 compsnies are ass- in same respects 

(fig. 2). These dissimilari t ies are caused by use of different tyEes of 

ganma-ray detecting devices, l r r a m n t  settings ( thze  constaat and 

range factor),  cable speeds (velocity at which detecting d d c e  is  with- 

Lzmn from d r i l l  hole), and rec-s w e z e  used t o  detect, messure, and 

plot the radioactivity of the s a l t  and potash deposits. 

The l e a s t  sensitive caurrter device is the l-3nch by 1%- Geige- 

MzeUer  tabe used in the Geological Sut-pey logghg instnmrent. This 

instrument has the sho;rtest effective length fez detecting and mssur41g 

panrmn-radiation and the l a r e s t  counting rate .  Bauever , as used with a 

slaw cable sped  (5 fee t  pe r  mixxrte) and a M g e  ver t ica l  scale ( 1  inch 

equah 2.66 feet) ,  it gives considerably more detailed infomation con- 

cerning - variations of sadioectioity xithin the salt beds and gotash 

deposits thaa the other instrrzments used (figs. 2 and 4). The radiation 

- detecting M c e s  used bg the  w e l l  logging sezzce  cca~paaies have an 

effective length of 3.0 feet. The= gamma-ray logs have the same vezrticsl 

scale ( 1  inch e q p h  20 feet) ,  k t  have quite diffezent deflection (hori- 

zontal) scales far shoving the re la t ive  intensity of radiation (fig.  2). 

The radioactivity of the rocks and mineral deposits is .expressed by one 

company i n t -  of " c a t s  per second" whereas the second coqaay uses 

"inches of deflection." The Cdo logs show abuut the same emouat of str0=;i- 

graphic de ta i l  for  .tnd.Lvidual beds and potzsh deposits, although the ,-&lz- 

act ivi ty  anomalies on the f i r s t  coqanyrs  log extend farther from b s c W m C  

(average intensity of radiation in mmineralized s a l t  beds) than thcse c= 
9 

the second conrpanyt s log (fig. 2). This featurs probably i s  due t o  d i f  - 
fereaces in -instnmentation and logging nethod. Company (1) : s  logs  ..rere 



made at cable speeds of 8, 14, and 24 feet pe r  minute, and the r a t a t e  

time constaut, recmied only by the code symbol "H", is tmkmm. Company 

(2)'s logs were made at a cable speed of 1 5  feet  per mintzte with a rate- 

met- time constant set t ing of 1 and 2 seconds, 

C c ~ i s o n  of the gemma-ray logs of the d r i l l  holes witkt the utkt- 

ologic Logs of the cares obtained iram the d z - 4 2  holes reveals that 

fairly large radioactivitg anamaUes were recorded at the d e ~ t h s  of which 

potash deposits azrd polyhalite beds w e r e  encouatered (fig. 3). CUys tcx~  

s e w  and beds of clay-bear* U t e  are  not par t icular ly  radioactive, 

and therefare, are nct 14ke'Ly t o  be confused with potash deposits, Beds 

of sandstone and sil tstone,  which are present near the top of the Saledo 

f annation, are radioactive ( f ig ,  1).  Inasmuch as the beds of saadstone 

and si l ts tone ixre separated from the mineralized p a r t  of the fomation 

by a coasiderable.section of rock, they are not l ikely to.be identified 

as one of the deposits, 

The favorable results obtained demonstrate that  puma-ray logging 

of holes drilled for o i l  and gas is a convenient and practical  method 

of searching for potash deposits in marine evaporites. Although L'eu 

core s a q l e s  containing l e s s  than 5 percent of potash ( ~ 0 )  were analyzed. 

in the c a u s e  of this investigation, it is estimated tha t  halite beds 

containing about 1 percent of potash ( ~ ~ 0 )  show anomalous rzdioactivit-J - 
on -ray logs. Deposits con- less than 8 pecent  of potash 

(w) are classed as potential  resources, anti do not constitute cr2 st 

the present tQne. As sham on figure 2, the  --ray logs aade by sll 

three arganizations sre eaually eff ic ient  ?or i b ~ t i f i c a t i o n  of inineabia 

potash degosits. 



Grade and thickness estimates From~ gama-ray logs 

'A consi-ble ef'foft vss made to develop empirical methods far 

estdnating sade and thickness of potash ore &am the anomaly recarded 

on rr pammnray log, bpt sstiafactory results vrre not obtaiired. T k  

both 

gcologp snd hstn=e&ation, The deposits in the Carlabad district are 

nut the potash cance2trat ions i n a  

sidersble range' k values in vertical section (fig. 4). Moreaver, the 

deyosits average 4 to 5 feet tuck, and therefore, are thin in cuiqaarison 

with the feet ) detecting devices used the well 

serrrice cqaPies. m a t s  of such a length are not suitable for 

purposes af estimating grade and thichess of radioactive arre in thdn or 

. --ayereti deposits, such aa those fuund in the ~aslsbad district. 

Altbugh the  pmm-ray logs prepared by well logging service cam- 

paPies were f d  to be unsatisfactory in same respects, they are never- 

theless valuable records. They are an excellent source of infol3latian 

s t r a t m h i c  details of the evaparites. Mareover, w i t h  p r q =  

inssrmreatation and a m m i a t e  geologic cozlditions, the logs nade in 

small d i m  (4  to 6 ~ s ) ,  -wed d r 4 a  holes can yield data of a 

aemiquaPtitative nature. If a fairly short time constant (2 seconds or 

less) aud a f-lg sluw cable speed (15 feet per W e  arr less) are used 

in logging such a d r i U  hole, then the logs may be used to obtain an ap- 

proximation of the mln.hrmnn grade of ore in potash deposits that az? aore 

thaa 5 feet thick. With such conditions, potash deposits havFng en avepae 

gmde of 10 percent of potash (QO) will yield a minlmm deflection of l- 

inch in "st- unitsn on company (1)'s Fntensity scale and a m i n i m a  



coantirg rstc of 140 cotlrrts pez second on c q a a g  (2) s intensity scale. 

Tbe conditions under which the grade of ore cap be estimated are 

seldolp f d v i l l e d  In gama-ray logging of holes drilled far o i l  and gas. 

&st of @E kdes m larger 6 inches ip diameter, and they akt 

logged after casing and caneat have been placed in the hole. Mareover, 

logging aperations sre camied out with fast cable speeds aPd long tiae 

constants, and a sndl scale ( 1  inch equal 20 feet  ) camonly is 

used in recording the radioactivity of marine evaparites. All these 

fact& lmzst be considered in estiPating the grade of potash ore. Mos 

of them effectively reduce the intensi ty  of radiation recorded on the 

log, and the otheFs lblt the accuracy with which the top and base of 

the deposit cap be pi-. As a r e s u l t ,  the Frrtemity and t h i c h e s s  of 

the  ga=-ray anmaly of a potash deposit is deceiving; the deposit is 

thinner and has a higher @ of aw than that  which is indicated by 

the -= 

laxzrRon L a x  

The log is a p p h  shawing depth beluw the top of a dr i l l  

hole and variations in the re la t ive  intensity of secondary gannna-rays. 

This radiation is ar t i f ic ia l ly  generated in the course of neutron well 

logging by bcnnbarding s t z a t a  and deposits with high energy neztrom, 

Inasmach as the neutrons e e  slowed down or stopped by hydrogen, the 

intensity of radiation recorded in neutron logging increases Bs the hyZrc- 

gen concentration decreases, a d  conversely, decreases as the hydrsges 

coneextration increases. Thus, the  neutron log is a geophysical well 

log showing variations in concat ra t ion  of hydrogen, The hydrogen m y  

be present kr m o c a r b o n  (gas or llqyib), drilling fluid, ' kine, =%%sr, 



canent, CZT minerral; its chemical fonn ar phgsical state is i m m a t e r i a l  

in neutron w e l l  logging. 

19euSOn w e l l  Logging was carried at in corrjunction with --ray 

10- of tbree drill holes ( table  1) .  The uork was nnAprt.akeza t o  

deterzbe uhether neutron logs could be used t o  identify the type of 

potassium mineral that might be mesent  in a potash deposit. Same 

deposits contain snhydrous potassium minerals, sy lv i te  and langbeinite, 

as their majar cons i tuen t ;  other deposits consist l a rge ly  of hydraus 

potassium leoni te  , 
as the anhydrous minerals are the  only potassium minera ls  of economic 

importance, a method by which aahydrous potash deposits can be distb- , 

guished fzwi hydrous deposits is of considerable value. 

The xnheralogic c b z a c t e r  of a deyosit found by gamma-ray logging 

can be det- by neutron well logging. The results obtained in this 

W e s t i g a t i o n  show that salt beds and mhydrous potash deposits y ie ld  

intense secondary gamms radiat ion in neutron logging. The radiat ion is 

recorded as a strong r i g h t  deflection on a neutron log ( f i g .  3). m o s i t s  

of hgdruus potassium m4nPm'Ls and beds of polyhallte, cleystone, s i l t s t o z ,  

sandstone, and clay-beering salt f ie ld  l i t t l e  or no secondsry --rays . 

on bcmibardment eth neutrons. As a consequence, they farm moderate t o  

strong left deflections on a neutron log (fig. 3). Such favorable resulzs 

as those shmn on figure 3 clear ly  Aemnnstrate the usefulness of neutron 

well logging in t h e  seaxch for and the  ident-ication of potash deposits. 

Moreover, a radioact ivi ty  log (combination of gaama-ray and neutzon log),  

yields considerable information concerning strat igraphic details of z ' , z e  

e-qorites (figs. 1 and 3).  S a l t  beds show no radioact ivi ty  on the  &-- 

ray log and-strong radioact ivi ty  on the neutron log. Anhydrite beds a= 



moderately radioactive in neutron logging, btrt yleld no radia t ion in 

pnmma-my logging. PolyhaUte, clayatone, s i l t s tone ,  sandstone, and 

clay-bearing salt beds are radiosct ive  in gamma-ray logging, and ueakly 

or non-radioactive in n a t m n  logging. Hone of the  rocks, however, are 

as rsdioactive aa mineable deposits  of sy lv l t e  and bzgbe in i te  (figs. 1 

&Xi 3).  

An undesirable feature of neutron w e l l  logging is  extreme sensi- 

t i v i t y  over a vexy s m U  razrge in tbe hydrogen content of 

materials. Capar ison of the neutron logs  and the results of ckmnicsl 

analyses rweerl that  a snxall amOunt ( a t  l e a s t  2 percent and possibly as 

m c h  as 4 percent) of hydruus clay minerals is suff ic ient  t o  reduce 

agpreciably the la tens i ty  of seco- @=ma radia t ion so that a moderate 

l e f t  def lect ion is recarded in neutron logging; As a result, same potash 
9 

which contain 4 t o  6 percent mica, 

&Xi -2, have a.moderate l e f t  de f lec t ion  that is unrelated t o  the  type 

of po t a sa im  mtnPrnl (f ig.  3). Under such conditions, it is extremely 

difficult whether 

are present in the  deposits. Mareover, a s m a l l  amount of ca rnsYi t e  

(38.9 percent o f  water) in a sylvite deposit yielda a l e f t  deflection; 

the cssPa l l i t e  content of the m o s i t  need nut exceed 5 percent t o  yi-d 

a distinct anomaly. 

Further c q l i c a t i o n s  in the int-etation of neutron logs are 

introduced by same conditions commonly encountered in holes d r u e d  

far  o i l  and gas. Minor variat ions in t h e  diameter of a d r i l l  hole and 

in the  thickness of cement a re  detectable i n  neutron logging. A faizly 

.smn71 increase in the thickness of cemest or in bore hole diameter wcers 

fluid is present in the hole shows on the' neutron log as a left def lect icn  



or as a r d u c t i o n  in the 8mqlitud.e of a deflection. A reduct ion of 

ampUtude a b o  accompanies t h e  change &am open t o  cased bole aad fram 

a smaU t o  a Large diameter hole. 

Althuugh e l e c t r i c a l  resistivity w e l l  logging and neutron wefi 

logging are concerned w l t h  t h e  measureaent of d i f fe ren t  p w s i c e l  and 

chemical p r q e r t i e s  of strata, tht two logging methods yield logs  

that cammnly show considerable s b i h r i t y  in resgonse t o  the g e o l o a  

of individual btds . Beause of this apparent re la t ionshig  between 

resistivi$y and Iqrdrogen concentration, e l e c t r i c a l  weU. logging was 

c e i e d  aut in the same d r i l l  holes that were logged by the neutron 

methad (table I).. The purpoae of t h e  logging was t o  detezmine whether 
- - 

an mqirical r eUt ionsh ip  between resistivity and hydragen concentration 

ar between resistivity and mineralogy of individual strata and potash 

deposi ts  could be recognized. The recognition of some c m l a t i o n  of 

resistivitg and geology would have considersble value inamwh as 

e l e c t r i c a l  well logging has been the logging method that is most cam- 

monly used by t h e  o i l  indusky in southeastern New Mexico. 

The function of e l e c t r i c a l  veU. loggirrg is to loca t e  

permeable and resistive strata. Variations of apparent r e s i s t i v i t y  are 

erpressed on e l e c t r i c  logs in term of ohm m e t e r  squared p meter 

(ohms $/m), and ccmnnonly is recmded. in the form of a -re 

apd a lateral curve. A n  electrode spacing of 10 inches -m used in 

the expertmental 1oggb.g t o  obtain the normal curve sham in f igure  3, 

and an electrode spacing of 32 inches t o  obtain the let-d c w e .  

Spontsaeaus-potential well  logging was not attempted b e c a e  the drilling 



fluld wss a c&entrated soltrtion of sodium and potassium chlaride aud 

the salt beds have exceptionally small perneabillty. . 

The q e r d m ~ n t a ; l  lo- furand m i a t i o n s  of ayparent res is t iv i ty  

tha t  M e  Irmcted application in the identification of potash deoosits. 

C a r a a l l i t e - b e -  deposits, sandstone beds, clapstone se-, azui s a l t  

beds contai8~ng 15 t o  20 pen- of d a y  (c~sy min-, mica, 

q e z )  have low resistirity (high conductivity); they yield 

t h a t  staad aat as distinct left deflecticns on the late- curve and a= 

poorly defined on the mrmal currre (fig. 3). Exmimation of the cores 

reveals that the conductive strata sad c m t e  deposits have only one 

p m i c a l  pmperty in common; they are the most porous layers ia the cores. 

The porosity of the e t e  deposits, however, unUke that  of t h e  sand- 

Stone, Cbystone, aad clsy-be-* salt beds, is second€Ky; it develops 

as a canseqr;lence of the deposits with a flufd that dissolves 

c83ppUte. kemDval of c-te gives the deposits considerable mggp 

porosity, and e-ges the d r U  hole. The solution cavities and the 

i n m e  of hole dime are detectable in electzic logging as a decrease 

of appareme resis-ty. Therefore the apparently l a w  res is t iv i ty  of 

c-te-be- deposits is derived fnmn the secoPdarg porosity and 

the -xt of the hole, and is not re-ted t o  specific e lectr ical  

properties of carnsll i te.  The vat- soluble potassium minerals y i ~ l d  

awnalies  in e lec t r ic  10- only when they are leached by the dr- 

f b i d .  Inasmuch as the drilling fluid used by the o l l  industry i s  abmst 

irmasiablg unsaturated w i t h  respect t o  potassium and magnesium chloride, 

deposits of water soluble potassium salt w i l l  dissolve, and w i l l  be 

detectable in e lec t r ic  loggirrg. The l o w  resistivity anamUes  of the 

deposits should serrre as a means of differentiating beween potash 



& p a i t s  of econmic interest and pOryhalite beds- 

The relation between solrrtion cavi t ies  and l o w  resistivity shauld 

be used vith er&eme caution far proper in terpreta t ion of r=sistivity 

logs. The ferrmation of solxztian cav i t i es  is colrtrolled by the solu- 

bf l i ty  of U v i d u a l  in the fluid used in rotary dza31ing 

of potasaim-bearing m p a r i t e s .  Sonrc d r u  iruida, such as t ke  

s a m t e d  sodium-potassium chlmdde & b e  used in this study, dissolve 

only carnalllte; such drjlldAg fluids, -ever, are rarely used by o i l  

caqspies in drFlllsg marine eva$arites. Some companies use a sal$- 

base mi in which U t e ,  m i t e ,  and polyhali te  are sable,  but 

in w b i c b  the highly soluble potassium mlnerals 8re unstable and dis- 

solve- Ot;l.ler companies use a fresh-water mud that has Y t t l e  rn no 

detect- e f fec t  on anhydrite and polyhali te  btrt dissalves U t e  and 

the potassium m. 

A sslt-base mud w i l l  form solution cavi t ies  in deposits of highly 

sa'Luh'l potassium minemb. Such solution cavi t ies  y ie ld  in e l e c t r i c  

lo- a low h s l s t i v i t y  an- that has much the same genersl amem- 

ance as that farmed by poraus e t a ,  such as sandstone arid cUy-'bear- 

salt beds. Exrev-, t he  porous strata are considerably l e s s  rsdioactive 

tbsp mineable deposits of potassium e e r a l s ,  and therefore, can be 

iden t i i i ed  by -ray logging. Although polyhalite beds y ie ld  fairly 

strong awmalies, they are mare r e s i s t i ve  than the potash deposits  and 

nat 3lkely t o  be confused vith m m  

The use of f resh-wate  mud in d r i l l i n g  marine e w g a r i t e s  f cams 

solution cavi t ies  in potash deposits tznd salt beds, and the layers of 

re la t ive ly  Fnsoluble M i t e  and polyhaLite stand art  ss ledges along 

the  bare hole xall. Such ledges are recorded in electzic loggi lg  as 



resistive beds, and field conspicuous rim deflections on a res is t iv i ty  

log (fig. 5). Potash deposits a d  salt beds have low mistivity, and 

dlstin@sung one from th. other c8a be w t e  winrlt ( z g .  5). 

HaTePcr, Kith a: combbation gamma-ray a d  e lec t r i ca l  resistivi*~ log, 

such as is shun in figure 5, infonnation concerning the dis-i- 

butiog of potash deposits and s t r a t i p p h i c  detai ls  of the evagarites 

can be obtained. The canposition of individual resis t ive layers i s  

re- detemina'ble by visua3. inspection of the gamma-ray logs. Polj- 

halite beds are both radioactive and higbly resist ive;  m i t e  beds 

lack the radioac t i r i ty  of pouhallte,  although they are as highly 

resist ive.  The putash deposits are radioactive but lack the high 

resistivity of the polyhallte beds, and therefore are reediLy identified 

iammch as the  s a l t  beds are not pasticularly .radioactive. f i a a  the 

foregoing discussion, i t  is evident that  an elec t r ica l  r e s i s t iv i ty  log 

of a hole d r i l l e d  w i t h  fresh-water xxuad gives abarrt the same amouzlt of 

infomustion that is obtainable f2um a callper log of the drill hole. 
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Figure 4. Abridged gamma-ray and graphic logs of a potash deposit, showing typical 
variations of potash concentrations in vertical section. 
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