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Field, petrographic, t ud ies of sediment a r y copper dE_ p ac tiv e ly investiga ting th e potenti 
posi t s in NeH l'lexico the start of both Permian and • h the extraction of geo thermal energ 
Tr iassic d e position , the sedimen t a ry e nv i r onmen t Has a moderate to 1 ,'essentially dry, rock at moderate d 
g r adient all~via.L plain . Precambrian highl~nds com posed of metavol c~. \;, t is to drill a deep hole into hot, 
rocks w1th h1gh copper contents "'e r e t he or1ginal sour ce. Some co J;;~ e hydra ulic fracture . A seco nd hol 
;!as i n corpo r ated into clays or transpo rted short d i stances in sur / Ptr ',,p: tUre , creating a circulation loop f 
wate r s before precipi ta ting as oxide copper minerals in s t ream sed;Ct !11ing si te LASL drilled four shall 
as is shOl,n by a comparison of mi nerali zation in recent alluvial g 1:.>, ~deeper holes were drilled into the 
and t h e Permian Abo Fo rmation at the Zuni Distric t , ta ' ,j these , GT-l, reached a total d e pth 0 

During d i agenesis, co pp er and other ions Here r eleased by di ' uecambrian roc ks . The second hole, 
tion of sili cates , sulfides, a nd oxides to form a co pper-rich gro~~~: J.9 1ll • This hole pene trat ed 2199 m a 
wat e r «1 p pm) . Deposition of copper occurred i n paleo stream cha ':torohole t emperature of 19 7°C. Hyd 
by su lfur associated Hith woo dy debris (Triassic Agua Zarca Sands t nlit ~essful in GT-l and at two levels 
the Nacimiento Nine) . on! h a r ad iu s of about 60 m has been 

Permi a n c han nels are s maller , commo n ly lack large co nc e n t ration • '~ frac tur e i s currently being ex t e 
coarse "oody d e bris , and are c losely associ ate d HiL h backs"amp and [ ted in Hay, 1975. This ho l e has a 
grain channel-fill deposits . Field re l a ti ons I nd icate that dischar :f"l ,,)fa projected bottomhole t e mp e r a ture 
g r o undwater can precipitate cop per in organ ic- rich, often calcar eouCllt, thiS hole will be completed 
r e duc ed muds and si l ts adjacent to c ha nne l deposits (Scholle and Hi~ ~\een initiated t o loca te n ew drill 
Rolls Districts), o r dOlm g r adient in o r ganic s up ratidal sands (P i g >,,' lern United States . 
') . .. nt~ .~ Nlne or 1n beach and n earshore mar1ne sand s H.t h H2S (Rayo Di s t rt 

Discharge of g r o undwater into marine sediments may ~orm copper-ric~~ ' 
s hal e , or the copper may be dispersed. HOHcver , copper d e posits Su ~ 
those at the Lisbon VaLley District , Uta h, may r epresent later rem b
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1 . . f d' i' . 0 !. l za t10n 0 co pper ur1ng th e d ssolut10 n of evapor1 t es o r compact ! 
of sedime n ts. on 

ADVANTAGES OF COMPOSITE THIN- SECTION S FOR TEAC HING OPTICAL 11lNERAL!XlY 
AND PETROGRAPHY 

La rsen, Leona rd H., Department of Geology , Univer s ity of Cin cinna ti 
Cinc inna ti, Ohi o 45221 j 

Composite thin-sections of minerals and rocks ar e eco nolil i ca l to llIake 
and use, a nd penll it rapid, strat eg i c stu dy. 

Thirty- s i x rock-forming minerals, as randomly-oriented grains 
(c80+120 mes h) indul'ated by epoxy, \'Iere prepared as s ix thin-secti on 
with s i x minerals per s l ide . Thes e l'le re used to t eac h Op ti ca l S 
r~in era l ogy as a prel'efluisite to Thin- Sect ion Petro graphy, and to 
t ra nsit i on students from gra in- in- o il mounts to thill-sections. 
~lin e l'a l s on eac h slide \'Iere gro uped fOI' rapid s t ra t eg ic comp ari Sons 
and to illustrate thin-section identifi ca ti on techniques . 

Composite t hin -sec ti ons of f ine- a nd medium-grained ro c ks have 
similar advantages of ec?nomy a nd cOlilp ar i so n, Examples?f applicatio 
are: a rock sUlte - Pal1sades Sl11, ten rocks o n one sllde ; serial r. 
relations - Bo uma cyc l e, five rocks on one s lide ; cata l og o f texture; 
- as h-fl ow tu ffs , twenty-four rocks on three s li des. 

In al l cases s tudents can have id enti ca l t hin- sect ions and 1'lOrk in 
uni so n. TI'IO or fout' s pecimens ca n be compared silllul t aneo us ly. 
Proj ect i on-di scuss i on en hances the method whi ch ca n be extend ed to 
o l'e-microsco py. COlilpos i te thin- sec ti ons ha ve ana l ogo lls advantages in 
reseilrch , a s 1·le ll. 

CURRENT STATUS or THE LOS ALNIOS DRY HOT ROCK GEOT II ERHAL ENERGY 
EXPERUIENT 

Laughlin, A. Wi l liam , Univ e r s ity of California, Los Alamos S c i entl~ 
Laboratory , Los Alamos, NeH Ne xico 875~5 ; Pet tit t , Roland A u ­
ve r s ity of Californ i a , Lo s Alamos Scien tific Labo ra tory , Lo~'Un~ 
Ne w ~lexico 875 l.5; I,lest, Fran c i s G. , Universi t y of Ca lifornia L~ 
Alamos Scientific Laboratory, Los Alamos , NeH l'lexico 87545 ' os 
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:1'ONIC UIPLlCATlONS OF THE FORT 
"'R BASIN, I<YOHING AND ~!ONTANA 
'~w, B. E., U.S , Geological Survey, 

Barnum, B. E., U. S . Geolog1cal S 
Galyardt, G. L ., U. S. Geo l ogica l 
The Big Hor n Mountains are ge ne r 

lif ted in the la t e Paleocen e , pr ov' 
' ~e f 1,lemb e r, as mapped by Baker , o f 

"oJ subs ur face mapping of the Lebo Sh 
r ~ fort Union Fo rma ti o n in the nor 

log a nd Hon t ana has r esult ed in a 
~he segment of the Bighorn Up li f t, 

) log north to the Wyoming-Mont a na S 
~e oce is more compa ti b l e Hith the 
: Uplift of the Big Ho rn Nountains 
ver ev e n t , nnd ( 2 ) Tongu e R1 v e r 
r ~ern source area . 

Cross sec tion s s ho" that the uppe 
~ the 10He r pa rt o f the Tongu e Riv e 

' .bers r i ses stratigraph ica lly from 
' hwe s t"ard to Sh e rid a n, Wyo., r e sul 

:~ eDns
d l~~!n:!~~y O!n~ h~i~~~ g~~a ~~~~~' 

'olJ1 
• ; deposition a l cent e r o f the ba s in d 

' ,west o[ Sherida n, pos s ibly nen r th 
" :; t ha t t he sou r ce a r ea f o r t he Tongu 

ida n- Birney area . Cross-st r atif1c 
I f d' i 

f ,t ferent c hann e l sa n s ton e u n~t s n t 

~ :,'cr i ndica t e s that s t reams floHe d so 
~ i eo t mountain f r ont, during Tongu e 
",_ ,cs sion of a northern sourc e a rea . 

PROCESSES IN THE TERHINU S 
of 



'ITH PROGRAMS, 1975 

cal 5 tudies of sedimentary capper do-
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ONS FOR TEACH I NG OPT! CA L M I NERALQG y 

o f GeolocJY, Univers i ty of Cincinnati . 
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ANNUAL NEE7'INGS, SALT LAKE CITY, UTAH 

LOS 
actively investigating the potential for 

\ the extraction of gcot he nnal e nergy from region s contalnillg hot, 
" essentially dry, l- oc k at muu e rntc depths. [n brief I the LASL co n-
~ U to drill a d eep hole into hot, impermeab l e rock and create a 

:e hydraulic fracture. A second hol e is drilled to intersec t the 
\ ure, creating a circ ulatiml loop for the injected water. To locat e 

,filling site LASL drilled four shallol1 hea t-flow holes. SuLsequently, 
'J deeper holes were drilled into the PrecamLrian basement. The first 

these, GT-l, reached a tota l depth of 785 m a nd penetrated about 1,7 en 
Irecambrian rocks. The second hole, GT - 2 , has a total d e pth of 
Jm. This hole penetrated 2199 m of Precambrian rocks and had a 

"'omhole temperature of 197°C. Hydraulic fr ac turing experiments were 
;tssf ul in GT-I and at tlo/O levels in GT-2. A small hydraulic fracture 
1 1 radius of about 60 m has been generated at the bottom of GT-2. 
~ fracture is currently being ex t ended. A third deep hole , EE-l, was 
'<ted in Hay, 1975. This hole has a projected d e pth o f about 3800 m 
f 3 projected bottomhole temperature o f ab o ut 250°C. It i s ex pected 
d ~is hole will be completed in August 1975. An exploration program 
. been initiated to locate n ew drilling sit.es in both the western and 
::ern United States. 

'\J:IlC HIPLICATlONS OF TilE FORT UNiON FO Rl·IATI ON, NOJ(THI, ESTI:: RN POHDER 
~ BASIN, HYOMING AND MONTANA 
tJ\J J B. E . , U.S. CC'nloV,I (' ;,l Survey , De llv e r, C:o lur ;ldt ) B(22) I Il"rnuJII, Il. , E., U.S. C;c,:logical SJI':VI'Y, IlPnver , Col.lJc-i1dlJ R0225 

GaJyarut, G. L., U. S . (,eo l og l cal SJlI'vey, Denv e r, l .oloc-"ci o 80225 
The llig Horn ~lountHin s arC! gene r a Ll y co ns id e r ed t o h i.lve been 

!flCd In t he itlt <, P:l1vocl'nc , provid in g a SO llrcc ,1rl'; 1 for tiJv Tongue' 
') ( Hemb e r I i l S 1Il: lpp e ti hy Bak e l- , of lllL' Fo rl Union Fo r l1l:tl i OIl. Sur( ;l<..:e 

.· subsurf ace mapping of the Le bo Shal e a nd Tongu e Ri ve r ~lemhE'rs of 
fort Union Formation in the northHestern Po \ ... d e r Ri ve r Ba s in of 

j fng and Hontana ha s resulted in a di ffer e nt co nclu s i o n . Rel at ive 
' the s egme nt of the Bi g horn Uplift, fro m the Piney Cre",k Thrust in 
., ing nor- tli to t he \.Jyom ill g-~lont.:lna Stilte Lin e , the <l('c l!111ul,1tl'cl 

)cnce L:..; mo r e comp .lt LbLe \.J I lh lhe tellLativt, CO il e ius i on s Lll :IL: 

Up lift of the lUg Horn ~Io untain s !;as prin cipa lly a post-Tongue 
:lr event, and (2) Tongu e River sands t o n e units I·,e r e d e rive d from a 
. rher n source area. 
' . GroSs sec tio n s sho," that th e upp er part of the Leho int c rtong\l es 
,'1 the lOh1er- part of thE' Tongue River . Th e con ta c t h c tH cC'n tiJ e 

::,t!fS ris es s t r.:J t i g r-nplti l'a I I Y from the arL'.::t in-ou nd Bi rrH.'Y , r'lo n t . t 

'~~ h,,,est',..,ard to Sheridan, ~·Jyo 'j re s ulting in <l thI ckcnin g of lhe 
:J and thinning o[ the Tong ue River. 1n addition , ti, e To ng ue Riv e r 
~ (':le s less sa ndy and fi ne r gra in cd . These r e l at ionsh ip s s ugges t that 
; de posi tiona l center of th e basin dUl-i ng Le bo and Tongu e River time 

."es t of Sheridan, possi bly near the s it e of th e Big lIorn ~Iountains , r: that the sour ce area for the Ton g ue River !;as north of th e 
,ridi.H1-llil-ney a t- ea . Cross-stratification fr om tl.-/ O stra ti g raphica ll y 
' (ere nt c hann e l sa ndst o ne unit s in the upp e r part of the Tongu e 
,t'r indi.cate s that strea111S f Jo\",L' c! sO lllhea Sl\\' ~lrd, sub-pal-.::ll l e i to the 
.sent mountain front, during TOll g u e River time , s upp o r ting the 
~( lusion of a nor thern source a r ea . 
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