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ABSTRACT 

The Los Alamos Scientific Laboratory (LASL) 
geothermal exploration sequence includes: (a) re- 
view of AAPG/USGS gradient maps, ( b )  l i terature  
search, (c) consideration o f  potential markets, (d) 
groundwater s i1  ica geothermometry, (e)  analysis of 
bottom-hol e temperatures, ( f )  heat flow measurement 
of available wells, and (9) dril l ing of new tes t  
holes. 
Syracuse, N Y  (36"C/km, 56°C si l ica  max.), near 
Buffalo, NY (36*C/km, 65OC si l ica  max.), southeast 
Ohio, western and southwestern Nebraska, and three 
new warm springs i n  Arkansas. Other investigations 
have found h i g h  heat generation (14-25 H G U )  i n  the 
White Mountain batholith NH (170°C calculated a t  
6 km depth), uparching o f  the Adirondac Dome, NY, 
and potentially economic electricity from hot brines 
i n  southwest Arkansas. 

T h i s  procedure has located anomalies near 

INTRODUCTION 

To encourage the use o f  geothermal energy 
i n  the eastern United States, the Department of 
Energy, th rou~h LASL, i s  evaluating the geothermal 
potential of  several states between the Rocky Moun-' 
tains and  the Atlantic Coastal Plain. LASL has 
devel oped a general pattern for geothermal explora- 
tion i n  these states,  and is pursuing this pattern 
i n  several s ta tes  as funds permit. We are  also 
pursuing some departures from the general pattern 
where special geologic or economic conditions have 
been found. 

METHODS 

The LASL approach to  eastern states geothermal 
exploration is  based in i t ia l ly  on the AAPG geother- 
mal gradient maps (1974, 1976) and on published 
geologic l i terature .  States which have no local 
concentrations of gradients higher t h a n  35"C/km and 
no surface expression of local geothermal phenomena 
are given relatively low priority for study. 
erature about states w i t h  above average gradients 
is  searched t o  find available heat flow measure- 
ments and possible geologic causes of h i g h  gradients 
or h i g h  heat flow. Concurrently, plans are made to 
conduct geochemical sampling of s p r i n g  and well 
water. 
si1 ica concentrations give more re1 iable or consi s- 
tent estimates of temperatures a t  depth t h a n  do the 
sodium-potassium-calcium ratios,  Results of the 
l i terature  and well data survey, w i t h  some consi- 

L i t -  

LASL experience to  date has been that the 
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deration of proximity to potential users, have been 
used to determine which prospects will receive geo- 
thermometry and heat flow studies. 
are to complete these studies over several areas 
before selecting a few s i tes  for geophysical studies 
and tes t  d r i l l i n g .  Most of the above work i s  being 
done under contracts supervised by the LASL Geolo- 
gical Applications Group. 

Present plans 

RESULTS 

Under the general.plan out l~ned above, work i s  
i n  progress i n  New York, Ohio, Nebraska, and Arkan- 
sas.  In New York, a group headed by Dennis Hodge 
a t  State University of New York, Buffalo, and 
assisted by Chan Swanberg and Paul Morgan of New 
Mexico State University, has completed 1 i terature 
and  data surveys. Two anomalous areas, the Cayuga 
ano~aly  50 kin sout~west of Syracuse and the East 
Aurora anomaly southeast of Buffalo, have tempera- 
ture gradients exceedfng 36OC/km. Si1 ica geother- 
mometry of ground waters fram these areas indicates 
a maximum temperature of 56°C a t  the Cayuga anomaly 
and 40°C a t  the East Aurora anomaly. Both anomalies 
a re  associated w i t h  gravity lows which may be caused 
by granitic plutons i n  the underlying basement. 
Radioactivity in the p lu tons  could cause the geo- 
thermal anomal ies , Bottom hol e temperatures avai 1 - 
able from several thousand oi l  wells are being re- 
evaluated to improve the s ta te  gradient map. Tem- 
perature logging o f  selected wells in the anomalous 
areas i s  i n  progress. 

In Ohio, a group headed by Yoram Eckstein, from 
Kent State University, i s  working on l i terature  and 
data searches. They have located a t  l eas t  15 wells 
suitable for heat flow measurements Thermal con- 
ductivi ty measurements have been completed on 44 
core samples from four o f  these wells. 
these and other well cores are to be analyzed a t  
Los Alamos Scientific Laboratory t o  determine their  
uranium, thorium, and potassium-40 content, to  
enable calculation of heat generation and heat flow. 
No well -defined anomalies have yet been identified 
a1 though gradients in southeastern Ohio are gener- 
a l l y  higher t h a n  elsewhere i n  the s ta te .  

Samples from 

The work i n  Nebraska i s  being done jointly by 
William Gosnold of the University o f  Nebraska-Omaha 
and personne~ of the Hydrology Section of the Neb- 
raska Conservation and Survey Division. Fifteen or 
twenty holes less  than 100 m deep are to  be temper- 
ature logged to determine gradients. 
area i n  western Nebraska, deep aquifers on the east 

In a large 
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f l a n k  of the Denver-~ulesberg basin contain ano- 
malously warm water, and i n  southeastern Nebraska, 
where the Nemaha ridge brings Precambrian basement 
rock t o  w i t h i n  200 m of the surface, gradients ex- 
ceed 2 5 O C / k m .  Too l i t t l e  information i s  available 
yet for even an evaluation o f  Nebraska's geother- 
mal potential. 

One o f  the largest surface expressions of geo- 
thermal heat i n  the eastern states was f i r s t  visited 
by white men i n  the early 1500's, a t  what  is  now Hot 
Springs, Arkansas. Although the surface geology of 
the area has been mapped, n o t h i n g  i s  known of the 
deeper structures because of  the concern t h a t  d r i l l -  
i n g  would disrupt the spring flow. One other small 
area of warm springs a t  Caddo Gap, approximately 
55 km southwest o f  Hot Springs, is currently unde- 
veloped a1 t h o u g h  i t  has been known for many years. 
Recently, by analysis of available geologic maps, 
the author  has located three small previously un- 
reported warm springs near Hot Springs, on folded 
structures similar t o  the one a t  Hot Springs. In- 
terpretation of the complex folded structures which 
control geothermal spring flow i n  the Ouachitas 
must ava i l  future dr i l l  i n g .  Ground water sampling 
of a few springs and wells throughout the Ouachita 
Mountains, for s i l i ca  geothermometry, i s  t o  be done 
this year. Re-evaluation of bottom hole tempera- 
tures from o i l  wells i n  southern Arkansas and new 
gas wells being drilled i n  northern Arkansas hope- 
fully will be done when funds become available. 

OTHER STUDIES 

One o f  four local studies done independently 
of the general exploration p l a n  was completed i n  
New Hampshire where the Conway granite is  known to 
contain very h i g h  percentages o f  uranium and thor- 
ium.  A hole was drilled 915 m deep near Conway, 
w i t h  core recovered from most of the hole. 
from thesecores have been analyzed t o  determine the 
distribution of the radioelements, Altho~gh the 
granite produces 14 t o  25 heat generation units, 
i t s  temperature.is low because i t  i s  not  covered by 
any insulating blanket of low conductivity rock. A 
gravity survey completed for LASL by P. H.  Osberg 
and associates of  the University of Maine indicates 
t h a t  the batholith is  a horizontal tabular  body 
3 to 5 km t h i c k  and 30 t o  40 km i n  diameter. 

Sections 

A circular topographic anomaly near Blue Moun- 
t a i n  Lake i n  east central New York was studied by 
Yngvar Isaachsen of the State ~nivers i ty  of New York- 
A1 bany. Detailed photo interpretation and recon- 
naissance field mapping showed no evidence of vol- 
canism or other geothermal activity,  a1 though the 
s i t e  remains a possible target for natural gas ex- 
ploration because of possible doming o f  the Paleo- 
zoic sedimentary rocks . 

Investigation of another unusual geothermal 
energy source i s  being pursued i n  southwestern 
Arkansas by the  Arkansas Power and tight Company 
(AP&L).  
pump brine a t  6 2 O C  from a very permeable limestone 
a t  depths of 2490 t o  3000 m .  After bromine i s  ex- 
tracted, the brines a t  approximately 63°C are 
wasted to disposal wells. AP&L has received sup- 
p o r t  from DOE t o  b u i l d  a binary phase heat exchang- 
er ,  turbine , and generator to produce el ectrici  t y  
from these moderate temperature brines. The eco- 
nomic viability of the project depends upon the 
success of the experimental heat exchanger and the 
price asked by the chemical companies for use of  
the waste brines. 

In t h a t  area, several chemical companies 

Thus, i t  is apparent t h a t  sources of low- t o  
moderate-temperature geothermal energy occur widely 
throughout the eastern United States. 
for and evaluation of these sources has not  yet 
progressed as far as for the higher temperature 
sources of the west. Modest funding and manpower 
devoted t o  this work i s  beginning to provide the 
data necessary to evaluate some of these eastern 
prospects. As the technology t o  u t i l i ze  low tem- 
perature sources become available, these sources 
will make a n  increasing contribution t o  America's 
energy base. 

Exploration 
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Isaachsen a1 so compl eted a re1 eve1 i n g  traverse 
across the southern Adirondack dome which showed 
t h a t  the dome i s  currently rising, w i t h  the maximum 
rate of uplift  near the center of the dome. He 
speculates t h a t  the u p l i f t  may be caused by a local 
mantle increase i n  temperature or a tectonic upwarp 
of the mantle, b r i n g i n g  higher temperature rock 
closer t o  the surface. 
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