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;ca. Though perched water was a more persistent source, 

:i~es was not available. 
::,-ric time '.oJ" have been in a period of relatively high 

.,' All of the swamp, lake, spring run, and sinkhole de­
: :hat severe aridity existed throughout the peninsula 
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.. .,: ic intervals tha t in other tempera te regions represent 

. ,\2015. There is no evidence of significant tempera te 

.<~insular Florida during the last 16,000 years. The changes 
,~ the pattern and frequency of precipitation from hurri-

--<r thunder ston:1S and frontal systems. 
I:':"ra?hic and paleontological data from S:llver Run, Ichatuck­
<Jo5ahacne2 River, Devils Den Sinkhole, Warm Nineral 
~,:dc Salt Springs and from iakes and peat bogs of Florida 

.,'.i2',.;ed in relation to esta!:llishing a chronology of hydro-

.. ::ts. 

_ :::CiC~aCS AT. _,_ G?.EE:;STOKE-GNEISS BOUNDARY, LAKE WINNIPEG 
. A:.:~~, and E~anovics, Ingo~ar F.! Geological Survey of 

.'-':':~, 601 Bocth St.~? Ottawa:> On:::lr-±o KIA OEB, Canada 
. '. :sls.~!.c, L. ~innipeg~ a H 6ree:1stcne" felsic volcanic pile with 
,',2:: ::.a:1C 2::lC i:::,'t2.rm-e2iare =-OCr~5, is overlain by volcanogenic 
'~31 2.rkosiC .s2nd-H~-nes and .::or...glomerates, spinifex-textured 
": ~c.di,"s and '-he~t~. TI,e pil~ ~ ov:rturned and dips steeply 
_ . .:..: 1-8 8ep2.:r::='~E~U. 1:rom a. gran:.tc;gne~ss terrane to the east, 
.: =ir,:cn U-P::c; Krogh and Davies), by a narrow zone of strongly 

: ,.;~:tz-d.ioril:c ;:::nd tonalite gnaiss (3.0 and 2.9 b.y.), which 
~ ~:::ci by granite:s (2. T b .. y. ); mer:a.sediments ~ and intrusions re-
:. :,;" '.-olcanic pile, are recognized. This zone trends },'},l-/-SSE 
:::2 'Jt intense diLferential vertical movement, characterized by 

c:l:lj' plunging 1 Ujl!:ight:., isoclinal folds, which invariably 
.:' ~~at the granil:e/gneiss has moved upwards relative to the green-

Pervasive kink- and box-folds about steeply westward plunging 
':c associated structures, overprint the isoclinal folds. The 

e of one set of kinks, and a general right-lateral slip 
'i: that compression on a ~;'NE-SSW axis caused bend-glide folding 
, earlier NNW-SSE foliation. The gneiss zone is, in part, a 
: of the crystalline basement to the greenstones, at the margin 

! ·.holly remobilized granite/gneiss terrane. 
~'.e events here, the symmetry, lack of N-S trends, predominance of 
:,:ds, and abundance of triple junctions iri the greenstone belts 

:; northwestern Superior Province suggest that the belts may be 
zones of interference between cells of Kenoran granite/gneiss 

through a general stress field whose major horizontal compressive 
:s N-S to 1~E-SSW. The hypothesis can be checked by the structural 

:; XEnIOD FOR EXTRACTING ENERGY FROM "DRY" GEOTHERMAL RESERVOIRS 
'::-.11, Donald W., University of California, Los Alamos Scientific 
~aboratory, P. O. Box 1663, Los Alamos. New Mexico 87544 

over the developing energy crisis, a small group at the Los 
Stientific Laboratory has been working for the past two years 

UNIVERSITY Of UTAH 
RESEARCH INSTITUTE 
EARlH SCIENCE LAB. 



560 ABSTRACTS WITH PROGRAl1S, 1973 

on the developreent of a practical, yet economical and ~nV~l-nn, 
acceptable. method of extracting thermal energy from 
regions of the earth's crust containing hot--but 
at moderate depths. Temperatures in excess of 160°C at U~V~IUR~. 
than 6 ~ appear to be suitable for present 

In etis ~an-made system for extracting 
heat cont2±aec L~ an accessible body of hot rock would be 
the surface by t~e flow of pressurized water, not unlike 
t.~e=l 5y&1:e:ns. As proposed. a large. fractured region of 
created by hydraulic fracturing--would be interconnected t 
exchanger (or heat engine) at the surface by a pair of 
forming a closed convective circulation loop. The water 
loop would be ~~tained as a liquid throughout by pressUL.LZi'~1.~'~0 
the surface, greatly L~creasing the amount of heat that can ba' 
for a gi-v.enpair 0i holes, when compared to the flow of ~~'~~l., 

PreE!:rl.nary experiments and analyses indicate that 
stresses resultir.g froffi the cooling of the hot rock in such a 
voir may e~rge the initial fracture system so rapidly that ita 
ful lifet~e will be greatly extended beyond the planned 10 
years pL~~~iei ~y ~he or~gina1 reservoir. 

O?J)E:R:,';G UF TRA~,SITION YcEl'A:£. CATIONS IN OLIVINES 
Era","" C.S., Depart];1ent of Geology, Stanford University, 

Cali=orni~ 94305; Rajamani, V. and Prewitt, C.T., Department~ 
Earth and Space Sciences, State University of New York, Stouy_,l 
Brook} New York) 11790 

A number of recent X-ray and Mtlssbauer studies of Fe-Hg olivines bnI 
shown that the larger cation, Fe2+, has a s light preference for the­
smaller and more distorted of the two nonequivalent octahedral si~ 
MI (KD* = 1.00-1.30). In contrast, Fe-Mg pyroxenes exhibit strong «­
dering in the opposite sense with Fe2+ preferentially occupying tbl.:. 
larger and more distorted P,2 octahedral site (KD* = 0.03-0.20).1ll.;ll­
order to better understand the factors controlling site preferencuC 
transition metal cations such as Fe(d6), Co(d7), and Ni(d8) in oli~ 
and pyro~enes we have anisotropically refined the structure of 
Nil_03MgO.9iSi04(~=4.740, £=10.166, ~=5_944A) to R=0.029. Least sq~ 
site refinement indicates significant ordering of Ni on Ml (0.76751. 
0.233 Mgcr = 't 0.002) and of Hg on H2 (0.737 Hg + 0.263 Ni) (KD* ,; 9.~· 
This amount of Ni-Ng ordering is rather surprising in view of the -. 
size difference (0. 03A) between the two cations and suggests that 'ctJ'" 
tal field effects strongly favor Ni in the Ml site of olivine in ~ 
ment with the prediction of Burns (1970). Comparison of X-ray and ~ 
cal spectral data for Fe-Mg and Ni-Mg olivines and pyroxenes indiuLlt 
that site preferences of Fe, Co, Ni and Hg depend on a balance be~ 
(1) site distortion, (2) cation/site size and (3) the effect of H·O'­
distance on CFSE. Only the site distortion criterion predicts the dt­
served cation ordering in all cases, The fact that the oxygen lig~ 
surrounding the NI site of pyroxenes have a net negative charge, ~ 
as those surrounding M2 are ne.utral on the average, is an additionaL, 
effect which may enhance the ordering of transition metal cations 011-· 

the ill site of pyroxenes. *Ko = [Ng(H2)Tr(Hl)] / [Hg(HI)Tr(M2)] 
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~',CLUSIONS AND COMPOSITION OF PYRITES FROM Fl 
'-~(.rERED ROCKS OF THE BOULDER BATHOLITH. MONTI 
-1::-.-:110101, Arthur H., Park. Won C •• and Kurz. SI 

~ology, Boston University, Boston, Mass., 0: 
.,,:tS from throughout the Boulder batholith (in( 
,.",~r district) have been studied microscopical1i 
r~~' Micron-sized inclusions of sulfides, oxiilll 
",,~;ting a variety of textural relationships, rj 
.",:ts. These inclusions occur either as Singl~ 
,. .. ~~s of two or more minerals. ?10re inclusioc;.~ 

; ,.,.;rochermally altered rocks as opposed to u.;:), 
'. ::.zst common sulfide inclusions consist of c 'h 
.• ,:Jpyrite or cubanite with pyrrhotite, and 0::0 • 
.... ~cawite plus or minus pyrrhotite. \ole bel1.":Iei 
."".,: a phase captured during pyrite grOt~th. ,,'rJ 
~ :~=positional field of cubanite solid solll':: ia! 
.. :t dropped, chalcopyrite or sulfur-poor cub""mii 
... :cawite formed. Annealing experiments indi';:;} 
, .: about 325 °C. I 

.\;out 500 probe analyses of pyrites and cha il.\ 
~, ~ade for Fe, S, Ni. Co. and Cu. Pyrite comPl 

";~~d v~~~k:e~:::n t: ~a!~ 8!o=~ !~ii~r :~~i ~::s f~{ 
", cered rocks. The Ni. Co. and Cu con ten ts .,f 1 

_:,;ing average values : Ni - 0.15 weight 4 '(rat 
- }.51% (range none to 5.7%), and Cu - 0.16i: (j 

;_:opyrite inclusions are slightly iron-poor an) 
" ;alues are: Ni - 0.14% (range 0.008 to O.n%l 
q~ 0.1 to 1.3%). I 

I 
! 

'_Srl:i7 A..'lALYSES OF ULTRAHAFIC ROCKS. BASAL GNEI 
i • ..tY ! 

~rueckner. Hannes K •• Lamont-Doherty Geologic) 
?~lisades, New York 10964; Queens College ofj 
n New York, Flushing. New York 11367 I 

:~ed olivine-chlorite-tremolite vein within a i 
.;, zone of the Norwegian Caledonides gives a chi 
: ~a lil.y., supporting geological evidence that I 
·i.;cures by reaction of the ultramafic rock with 
'I:ing solutions emanating from the country rockl 
:~~orphisll1. The initial Sr87 /Sr 86 of the vein I 
~-nt day values of the actinolite (0.7077) and!, 
;93) within the vein indicate the fluids contal 

"" aJ:bient Sr87 /Sr86 ratio of the surrounding crj 
'·.ay of contrast, lIIinerals separated from garnei 
'-~or within similar ultramafic rocks yield the fi 

I 
Rb (ppm) 5r (ppm) I 

,,:?side .008 to .046 23.6 to H2'
1 ~:atite .002 to .005 0.13 to 0., 

.""et .0012 to .013 0.05 to 1.] 
~_Sr87/Sr86 1 f th - 1 11 b i 

_;j 8" va ues 0 ese lIllnera s are we 1 
c. ISr " ratl.O of the o!ivine-chiorite-trelllolitel 
- 'lalues of some of the diopsides are lower tha; 

i 
I 

! 


