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VADOSE PRECIPITATION OF HIGH HAGNESIAN CALCITE AND ARAGONITE IN THE 
flONARCH HINE, KICKING HORSE PASS , BRITISH COLUNBIA 

Oldershaw, A. E. ; HcIlreath, 1. A.; Ghent, E. D.; Department of 
Geology, University of Calgary, Alberta, Canada 

Dolomite clas t s on the floo r of the Eas t Honarch Nin e are und e r go i ng 
rapid lithifica tion by precipita tion of high-magnesian calcite and 
aragonite . Precipitation is taki ng p l ace at present and appears to 
have been continuous for a max imum of 70 years and a minimum of 20 
year s . 

High-magnesian c alcite, aragonite and int e rgrowths of these two 
minerals form a lternating , roughly concentric band s around angular, 
gra in-suppor ted dolomite clasts . The resulting fabric is comparable to 
that of vadose pisoliths described from other localities , inc luding the 
developme nt of penduluus rims on the lower s ur faces of the clasts and 
the occurrence of i nverse grading of the "pisoliths" . 

The high-magnesian calcite (average 12 mol% HgC0 3 by microprobe) 
exhibits a blocky sub-rhombic crystal form "'ith maximum crystal dia­
me ters ra nging from 0.5~ to 3 .0~. Aragonite , identifj.ed by XRD, con­
tains a n average of 1 mo l % NgC0 3 and OCC Ul"S as tlo/inn e d, f ibrous to 
bladed crystals from 0.25~ t o 3 .0~ wide and 10~ to 50~ l o ng: the ara ­
gonite exhibi ts both an oriented and a tang entia l fabric relative to 
~e c l ast s urfaces . In the mixed zones, a r agoni t e adopt s a rosette 
form and the high-magn es i a n calcite tends to be more equ icrystalline 
and of a finer crystal size. 

The source of the precipitating carbonates is inferre d to be me te­
oric ground ",aters percolating throu gh an overlying do los ton e source 
wck. Va riations in mineralogy and crystal morphology c a n be e xplained 
~ semi-seasonal f luctua t io n in ground wa t er c hemistry , pa r ticularly 
u gnesium ion concentration. 
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LEACH HOT SPRINGS GEOTHERHAL AREA, NEVADA 
Olms t ead, F. H., U. S. Geological Survey , Hater Re s ources Div i sio n, 

Nenlo Pa rk, Califo rni a ; Van Denburgh, A. S ., U. S . Ge o l ogi c al SUl'vey, 
Carso n Ci t y, Nevada 

Leach Hot Springs are in s o uth e as tern Gras s Vall e y, ab o u t 45 km by ro a d 
~uth of Winn emu c ca, Ne vada. Th e springs i s sue from stee ply i n c lined 
~ult-controlled conduits in Quaternary alluvium and Te rtiary nonmar in e 
sedime ntary r ocks . Lat e Paleo zoic and e a r ly 1·lesozoic se dime ntary and 
vo lcaniC rocks are expo sed e a s t of the s prings and probably und erlie the 
spring a rea at depths o f no more than a f e" hundr e d me tres . Tot a l dis ­
charge of th e rmal wat e r i s ab out 3-5 x 10 5 10 3 yr- l , mos t o f whic h i s 
~ rin g flow fr om JO orifices . Disch a rge ten~erature s i n Nov e mber 19 73 
~n ged fr om 34 . 5° C to 95 . 5 ° C (boiling); the weig ht ed average wa s 76 ° C. 
Diss olved solj.ds, dominated by sodium, bicarbonat e , a nd sili ca , tot a l 
abo ut 580 mg 1-1 . Es t i mat e d r eservoir (equilibr ium) t e mp e ratur e i s l55 °C 
by th e s ilica-quartz geot he rmome t e r o r 17 6°C by the sodium-potass ium­
ca lcium geoth e nnomet e r . The th e rmal a nomaly as s ociat ed ,.,ith th e s p r in g 
q s tem is de fined by t e mper a tures grea ter th an about 15 °C at a de pth of 
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of the wa t e r t abl e i ndi ca t e s tha t tran s port of hea t by l a t era l flow of 
the r mal gro und wa t e r is no t s ignifican t at shal l O\; de pths . To tal dis ­
char ge o r I, ea t fro lll t he s ys t e lll .i s auo ut 1.. B x 10(, cal 5 - 1 , of I" hl ch 1. 0 x 
10 6 ca l s-1 is conduc t ion th rough near- s u rface ma t e ria l s within t he area 
of t he therma l anoma l y and th e r emainder is the heat carried by t he sp ring 
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GEOTHERHAL RESOURCE CHARACTERISTI CS , 
EXP LORATION CONS IDERATIONS N~D PROPERTY ACQUISITION TECH NIQUES 

Harry J. Olson a nd \~illiam H. Dol an , Amax Expl oration, De nver, Co. 

Worl d Hid e experi e nce demonstrat es r ather conc l us ivel y ·t ha t geothennal 
r ese r voirs a r e mo r e c l osel y r e l ated as far a s geo l ogical occur r e nce , 
a nd exp l or a t ion a nd de velopme nt te c hniques a r e concer ned t o condit;.ons 
e ncountered by the mining indus t ry than t hose encounter ed by t he 
pe trol e wn indus t r y . To da t e , however , the ma jority of geothermal 
activi t y in the United Sta t es has bee n undertaken by the pe trol eum 
i ndustry or r e l a ted organ i zatio ns no t onl y becaus e o f th e energy 
r e l at i ons hip bu t al so because proper ty a cqu i si t ion practi ce s and over ­
al l exp l or ation costs ha ve a mor e di rect bearing t o t he oi l and gas 
expe r ience . 

Due t o hi gh l a nd acquisiti on a nd evaluati on cos ts , and bec aus e of 
l ong deve l opmental l ead t i me , compl ex marketi ng pr obl ems and the 
ne cess i t y t o deve lop a techni ca l capability to handl e a I'lide rang e of 
geo t herma l f luids , the high degr e e of inherent ris k in geothermal 
ventures r equires tha t cos t s re l ate d to t he discovery and definition 
o f t he resource be he ld to a mlnlmum. Thi s can be accompli s hed by 
avoiding l arge l ease bonuses a nd r e n t als for unevalua t ec1 and untes ted 
p r ope r t i es , by joint venture arrangements ",he r eby a degree of the r isk 
i s spr ead, and by expl or ati on agr eement s t ha t pe rmi t a t.ime l y evalu­
a t i on of the geothermal potential Hithout a conuni t t ment to larg e 
capita l expenditur es . 
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Opdy ke , N.D . , Lamont-Doher 
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~ALEOHYDROLOG Y OF A CAR BONIFERO 
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CHEHl CAL INTERACTlONS DUE TO SUB SURFACE HIXI NG OF HETEORIC AND ~ IAR I NE : Padge tt, Guy V. , De pa r t ment 0 
WATERS IN A PLEISTOCENE REEF COHPLEX , RI O BUENO, J Al1AICA J Columbi a , S. C., 29208 

O'Ne il, Thomas J., De par tment of Geologica l Sc iences, Univer s ity of ' 'o int bar acc r et ion scars expose 
Southern California , Los An geles , Califo r nia , 90007 ,f s outhe rn ~o ro cco offer an e xc 

An inves tiga tion was mad e of geoch emical processes occur ring during i ' 1 e ohy dr~ u 11 cs of the s e de po s i d 
subs ur face mixing of me t eo r ic and marine wa t er s wi thin a Ple i stocene ' pa l eo -dra inage bas in. G'l-ntly dirl 
reef complex a l ong the no rth coast o f Jamaica . Wa t e r s amples from II . , pped of over l y ing siltstone ~ 
local sea wa t e r, four s hallow wel ls a l ong a t rans ec t norma l t o t he . urface f or seve r a 1 k i lome ter s . I 
s tra nd line, a nd a f r es h wa t er spr ing we r e moni to r ed ove r a four- week ,' l ~ l1Y e rod~ d , r emoving th e hi ghl 
per i od for Na , Hg , Ca , K, Sr, Cl, S04' pH, and alkalinity. ' . ,\, ~ res ulting In a series o f s ha 

Na , K, Cl, a nd S04 be ha ve conse rva tive l y during mixing a nd de- T 'l l ~ "ln e d a poi nt ba r ridge. Radii 
creas e i n concen t r at ion in land t owa rd f r es h wa t e r r echa rge zones . ldges ,were meas ured from ae rial 
Va riations in Ca , Hg , Sr , pH, a nd a lkalinity, however, r e fl ect var ia t- /, l eodl scha rge , dra inage area me 
i ons occurring between wa t e r a nd sed i ment in the zon e of mixing . ! ne me ander wa ve l e ngth thu s g~n e ~ 
Th e rmodyna mic cal cula tions indica t e tha t me t eoric water i s sa tura t ed lave l e ngth , obs e rve d an d me as ured 1 
Idth r es pe c t to ma gnes ian cal cite and s lightly undersa tura t e d t o a r ag- ,':era 11 thl ck ness 0 f th e poi n t ba I' 
onite and dolomite . Wa t ers i n th e zone of mi xing are s l ight ly under - if mea n ve l ocity I'las calcul a ted. 
s a tura t e d with r espec t t o ma gnes i an cal ci t e a nd a r agonit e , but s uper- repea t e d a t seve ral loca ti ons 
sa tura t ed to dol omit e . Solut ion cavi t ies in sediments of th e mixed " A geog r aphi c pl ot of the r es 
zon e r e fle c t dissolution by wa t ers undersa t urated i n magnes ian ca l c i t e a l C for t hi s l a t e pa l eozo i c se 


