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by important transcurrent components. but evidence for such 
components ill the wes ter n United Stales is much less pro
nounced than in Canadian and Alaskan parts of the orogen. 

Paleozo ic, Mesozoic. and early Tertiary thrust faults in th e 
sout hwes tern Un ited States display a distinct pattern of bi latera l 
symmetry. In western parts of the orogen, thrus t plates arc char
acterized by a westward displacement relative to lower plate 
rocks and a westwa rd decrease in age. Thrust plates in c(,ntra l 
and eastern pari s of the orogen arc, wilh few exceptions, e<lst
directed and show an eastward dec rease in age. Cordi ll eran 
thru st fan lts fall into three geographic and temporal groups. each 
of which can be charact erized by a particular mode of plate 
interaction. 

East -directed thrust plates can be divided into two distinct 
groups- those in central pa rt s of the orogen formed during th e 
Antler (Devonian-Mississippian) and Sonoma (Permian-Trias
sic) oroge nies, a nd those of younger age. generall y in areas to the 
cast. The Antler and Sonoma orogenies represe nt progressive 
stages in the closure of a marginal basin loca tt:d between th e 
continen t and an o rrshore Kla math-S ierran island a rc which 
developed in Ordovician time . Episodic closure of the basin oc
cu rred during times of acce lerated plate convergence in the arc 
region. Antler and Sonoma allochthons consist of sedimentary 
and volcanic rocks from the marginal basi n ano slices of their 
oceanic basement displil<.'ctl eastward across th e continental 
shelr. C los ure of the marginal sea was accompanied by subd uc
ti on, probably eas tward, of the bulk uf the ocea nic crust on 
which the basi n fill had been deposited . Complete elosure result
ed in accretion or thc island arc to the western margin or the 
continen t, 

Ea st-d irected thrust plates or post-Sonoma age arc intracont i
nental havi ng developed wi th in the North America n plate, cast 
of the Andean-type Mesozoic-ea rly Tertiary igneous complex. 
Subduction-re lated magm atis m produced a thermally controlled 
zone o f high-crustal ductilily along th e western leading edge of 
th e American plate. Eas tward intraplate yielding by thru st fault
ing wa s localized largely across the eastern boundary of this 
ductile zone as coo ler, more rigid parts or th e plate moved wes l
ward into and be neath it. The gcome try of yie ldi ng also was 
influenced by stratigraphic an iso tropy in thick sedimenta ry ac
cumulations (Belt Supergroup and Cord ille ran miogeosy nciine). 
Eas tward migra tion o r thrusting occurred in response to an east
ward shirting of p lIJ lOnism and Ihe zone of high-ductility con
tra st. 

Thrust faults in the western part of th e o rogen arc products of 
eastward subdu ct ion of oceanic lithosphe re, initially beneath the 
Paleozoic Klamath-Sierran arc but also beneath the continental 
margin arter Triassic acc re ti on of th e arc to the con ti nen t. The 
westward shif lin g of these thrust fau lts from Devonian through 
early Tertiary lime rd lec ts westwa rd shirtin g of subductive ac tiv
ity by grow th of melange wedges and accretion of oceanic a nd 
island a rc roc k asse mblages to the continental margin. 

DENNISON, JOHN M .. Dept. of Geo logy. Un iv. North Caro li 
na. Chapel Hill. N .C. 

Influence o r Eus latic Sea-Level Changes in Oi l and Gas Accu
mulations in Appalachian Basin 

Regional stra tigraphic studies indica te a minimum of 23 eus
tatic sea-level fluctuations in the Appalachian region rrom New 
York 10 Alabama. A eustatic nu ctu a tion is interpreted if the 
stra tigraphic and sed imento logic records o n two o r more sidcs of 
the Appalachian ba sin show ev idence or a similar simu ltaneous 
shi rt in relative sea leve l within the limils of tempura l reso lution 
by fossils, intertonguing facies, or bentonite chrono logy. Si mul
taneous sea-level shif ts affect ing d ifferent lobes of ancien I delta 
complexes huilt into th e Appalachian basi n frolll "astern sources 
also arc considered eustatic. For ana lysis or a hypotheti ca l ~inglc 
basin, a eusta tic sea- level change is OIlC which aHects the en tire 
basin. T he cause may be large-scale tec tonics of the continental 
area co ntaining the hasin, or a tru e sea-leve l shirt related to 

glac ia tion or rate of sea-rloor spreading. 
Timing on th e sea- leve l variat ion curve is relatcd closcly.IO 

ages of slra ta with hydrocarbon production in the Appa lach"n 
basin. Changes in sea level res ult in sh ifting of sand depOSition 
a long shorelines. so lu tio n porosity in carbonate rocks exposed 
alo ng basin margin s. or modifica tions of reef growth. The clear
es t relations to hyd rocarbon producl ion arc in the well-explor<d 
oi l and gas fi eld s in the Devo nian and Sil urian, where th e St' 3 · 

level shirts can be used 10 explain permeab ility distribut ion. S~
perposing sea-level shi rts on to sedimentary tectonics in :I. baSIn 
of known shape allows predi c ti on of exploration tren ds. 

The larges t nuctuations of sea leve l a rc a t the base of the Sa~k 
seq uence (Cambrian transgressio n). the Owl Creek discont"wlt)' 
(base of the Mi ddl e Ordovicia n). the Wallbridge disco nl", ult)' 
(end of th e Early Devonian). and th e disconlinuity a t the bas< 
of the Absa roka sequence (beginni ng of Pennsylvanian). FluetU· 
ations associated wi th the Wallbridge di sco ntinuity arc related to 
deposi tion of the Oriskany Sa nd stone. wh ich is the largesl Appa
lac hi an gas producer. Lesser sea- leve l cha nges arc rd ated,tO 
o th er produc tion. notab ly oil a nd gas from the Upper Devol".an 
rields which were the birthplace of the American pelroleum tn 

du stry. a nd gas from the Silurian Newburg sandsto nes. 
The eusta ti c sea -level cu rve rrom one basin sti ch as the Apr:t

la chi a n a rea sho uld be compared with o th er basin s to identif)' 
worluw io e patterns and to help to (ocus petroleum exr l o r~ t lOn 
in distant basins. The majo r level drops at the end of the l;nrl)' 
Oroovician, end or th e Early Devonian , an d th e beginning of the 
Pe nn sy lvanian seelll es ta blis hed. The sea- level drop in the App~ 
lachians at the end of the O rdov ician appears related to eonll
!lenlal glaciation centereo in th e Afri can Saha ra . The rise in sea 
level a t the end of Ih e Precambrian is possibly a result of an 
increase in rate of sea-n oo r spreading as the proto-Atlanuc 
Ocean opened. Recognition of true global changes should pernll t 

more precise intercontinental co rrelations because eustatic sc:t
leve l change is not relatcd to distribution of faunal pro~inces or 
local tcctonic processes. 

ME l DA V. TSV I. Gconomics. In c .. Hempslead. N. Y. 

Geotherma l Energy- Viahlc Energy Reso urce 

Int erl's t ill geo th erma l energy is in creasing. In all co untries 
whi ch have heen a ffected by Ihe energy crisis. th e quest for 
indigenous sources of energy whi ch wuuld reduce dependence 
upon im portatio n or ru el has taken a trcmcndous surge. Geot her
mal energy is abu nd ant ly ava il ah le along plate boundaries, as 
show n through c.,a mpl es from the Uni ted States. Et hiopia, Ken
ya, Nicaragua, ano Ind onesia, 

Geot her mal power plant s a re in operation in about half 3 

dozen countries at a cos t whi ch is econo mi ca lly competitive With 
o th er rorms or energy . The environ mental impact of geothe rmal 
energy is especially low when it is used directly for hea ti ng.or 

coolin g. At the sa me time. geo th erm al heat is mos t altraelll'e 
et'Onom ica lly when used for nonpower uses. Desa lin ation and 
mineral extraction are ot her uscs that may be made of geother
mal power. 

Thc total sto red heat to a dcp th of 7.5 km is equiva lent to) 
million billion barrels of oi l. This is equiva len t to 7,500 mega· 
wa it-years or 2 1 million tons of oi l pcr sq uare kilomeler of the 
earth 's surrace . Even if o nly a ve ry small frac tion of the IOtal 
resource base is ever utilized. il cou ld provide energy eq ual 10, 
or greater than, all currently known rossi l-fue l reserves. 

Exa mples or geot herm al energy utilization frolll a number 01 
l:ou ntries are shown ano oisctlsseo. 

MEIDA V_ TSVI. Geo nomics. Inc .. Hemps tead, N.Y. 
, 

Emerging Oeo th ernwl Rcsolln.:es Exploratioll Technology 

Exp lora tion for geotherma l energy requires reevaluation of 
exi stin g ex ploration tcdlllilpl('s and development or new oneS, 
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;llltes. of tccllllitltlcs heing employed in geothermal cxplora
,'Are dlrferent from (hose in either mineral or p(..~tr()lcum cx-

. reconnaissance techniques involve the mapping of 
'pongs, fumaroles, and voleanoes. Plate margins typically 

the broader zones in which economic geothermal reser-
fila occur. Empirical correlation exists between the rate. 

of subduction, anti the spatial occurrence of active 
providing a general guide for exploration. Andesites 

more commonly associated with productive geothermal 
G t~an ~re the more basic rocks. 
et)ch~mlcal thermometry, coupled with hydrogeologic stud-

1m provIdes useful clues as to the probable last eyuilibrium 
,",perature of geothermal reservoirs. llowever, dilution and 
t1:$fltmuous rock-water interaction often obfuscates the true res-

~ t~m~era ture. 
Uc()physlcal techniques have become indispensable in nar

:;:"tngdown the targets to be tested by drilling. Foremost among 
"tgeophysleal techniques is the electrical resistivity method and 

oI lis variants, including deep electromagnetic soundings, 
Itllulles, magnetotellurics, and audio-magnetotellurics. Mi
tl<ll:arthquake activity has been shown to have cmpirical correia
, ,WIth the more productive rarts of geothermal fields. Tem

Fta,ure gradient and conuuctive hrat~rJow mcasurements are 
=-por~lnt tools in detailed exrloration. but oversimplified inter
rtt'ltJon of the data therefrom can result in grievous disappoint
!!!tnt. 

GraVimetry may be employed in both direct, as well as indirect 
tlploration for geothermal steam. depending upon the specific 
tlleUmstanees. Magnetometry may be useful in identifying very 

temperature zones (greater than about 500°C) by virtue of 
of magnetism beyond the Curie Point. 

p Other t~chni'lues which arc employed occlSionally include 
p~und nOIse mapping, SP, seismic refraction and reflection. and 
II loactivity mapping. 

Each of the above listed techniyues has certain merits and 
"'~~k~esses. A proper combination of techniques, which must be 
In IVldually tailored for the given region under investi"ation, 
fo"ld I' 0 " " . ~esu t III success, as shown by examples from a number of 
7ahlt.cs. Overly simplistic interpretation or overinterrretation 

o limited data have resulted in exploration failures. as doc
umented in other cases. 

MILlON, DANIEL J., U.S. Geological Survcy, Menlo Park. 
Calif. 

Comparative Geology of Inner Solar System 

No abstract available. 

PRICE, LEIGH c., U.S. Geological Survey. Denver, Colo. 

Svlubility of Petroleum in Water and Its Significance to Petrole
um Migration 

lhe aqueous solubilities of individual hydrocarbons. petrole
u~~ and petroleum rractions increase with temperature. the ratc 
of Increase being gradual to 1000C and drastic thereafter; even
~ually cosolubility will be reached at high temperatures. Mass
al~nce calculations show that the formation of petroleum dc-

~stls ~an be accounted for by a molecular-solution primary
mtgralton mechanism at tcmperatures greater than 180°e. Tem
perature decrease and salinity increase cause drastic exsolution 
of hydrocarbons from the aqueous phase. Thus the pronounced 
decrease in solubility of petroleum at higher salinities and lower 
temperatures prl..\scnl al shallow hasin tler!hs releases di\solvcd 
~)'drocarbons during upward lllovl'lllc:nl of dcep-h,n;;inaJ water\, 
"aults provide thc main pathway for this vertical movement. 
Eventually the fluids are collected into shallower sandstones 

when thc fault bCl'ornes impermeablc to further vertical fluid 
movement. 

The modcl is supported by geochemical-geologic evidence. At 
depths of 14.000-18,000 ft (4.27-5.49 km), 15-20 percent water 
remains in clastic sediments, which is more than surricient to 
carry the required volumes of petroleum. Experimental and field 
evidence has shown the almost lotal conversion of "kerogen" to 
extractahle organic malter in finc-grained rocks al temperatures 
greater than 300°C. On the other hand, studies in Tertiary.Meso
zoic basins have shown thai, at depths shallower than where 
these temperatures are present the "kerogen" has not thermally 
degraded at all. and the extractable organic matter in shales is 
immature and unlike crude oil. Microspore and pollen particles 
in cTude oih. are derived from sediments much deeper in the 
section than where the oils are fount!. Thermodynamic c'Juilihri
um temperatures calculated for crude oils are much higher than 
reservoir temperatures and arc in the range predicted by this 
model. 

The model predicts specific geologic and geographic controls 
on petroleum occurrence. Examination of petroleum deposits 
and basins confirms the predictions and indicates that this model 
can be used as a powerful tool in petroleum exploration. The 
model's essence is a search for the first trap off a m:~or fault inlp 
the area of greatest sediment thickness. Tht> model can he used 
for exploration in Tertiary depocenters (Gulf Coasl, Niger delta), 
wrench basins (Los Angeles), upthrust basins (Rocky Moun
tains), thrust basin (Western Canada). and shelf plays (Western 
Canada; Mid-Continent). 

Another implication of the model is the possible existence of 
a huge new energy resource-crude oil dissolved in hot deep 
waters of petroleum basins. The possibility exists of tapping these 
geothermal waters for heat as well as dissolved crude oil. Mini· 
mum estimates by mass-oalance calculations pHt the reserves of 
this resource in range of the trillions of barrels. 

SMITH, J. H. STUART, J. C. Sproule and Associates, Ltd .. 
Calgary, Alberta 

Geology of Northern Greenland 

Most of extreme northern Greenland is formcu by rocks de
posited in the North Greenland geosyncline. an extension of the 
better known Franklinian Geosyncline of the Canadian Arctic. 
Across the northeastern corner of Greenland, outliers of beds of 
latc Paleozoic to Tertiary age arc present and provide evidence 
for the existence of a basin of that age off the eastern coast of 
the island. 

The Paleozoic beds of northern Greenland were apparently 
deposited in two basins that retained their separate identities 
from Late Proterozoic to late Silurian times. This is well demon
strated by the lithologies of the beds in the two basins. The 
Cambrian in the western basin is formed dominantly of carbon
ates; in the eastern basin, a black shale and sandstone sequence 
is conspicuous. The Ordovician in the west contains a thick bed 
of anhydrite which is absent or unrec~gnizable in the east. Thick 
reefs dominate the Silurian of the west but do not crop out in the 
cnst where a thick siltstone sequence lies ahove the carhonates. 
To account for the variations in lithology, which do not appear 
10 be gradational, it is postulated that a north-trending crystal
line basement "high" separated the two afcas throughout "e· 
dimentation. Evidence for the presence of this feature can be 
obtained in Ihe field and from geophysics. 

Following a phase of folding in post-Silurian time, sedimenta
tion commenced in a basin toward the east from the present 
northeastern coast of Greenland. Rocks of all er;IS have been 
rccnf,'Vl.cd. hut Illuch work remains to he done ill Ihis arca. It is 
e.xccptiollally ft'llWll', 

Analyzing the area in terms of plate tectonics can provide 
interesting oata. 
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