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ABS TRACT PREVIOUS WORK 

I n s t i t u t o  Nacional E lec t r i c i dad  (INE), the 
Nicaraguan u t i  1 i ty  company, commissioned a Master 
Plan f o r  E lec t r i ca l  Development i n  t h a t  country 
which i n c l  uded a Geothermal Resources Inventory. 
Geothermal explorat ion and evaluat ion in tegra ted  
geological,  geochemical, and geophysical surveys. 
The geochemical reconnaissance had a two-fold pur- 
pose: l) t o  detect  and define areas o f  regional  
geothermal po ten t i a l  , and 2) t o  support s i t e -  
speci f i  c targets f o r  explorat ion d r i  11 i n g  sugges- 
ted by the other surveys. 

Two hundred t h i  r t y - f  i ve 1 oca1 i t i e s  were sam- 
pled: 43 springs and 192 wel ls.  Samples from 
cooler spr ings and we l ls  were co l lec ted  around 
thermal waters so t h a t  re1 a t i v e  anomalies might be 
recognized. The area covered over 20,000 sq. km., 
i n  o r  bordering the Nicaraguan Depression. 

Several geochemi cal  anomal i es were d i  scov- 
ered, al igned along north-south o r  northwest- 
southeast trends. Geophysics has defined several 
deep, primary reservoirs.  Thermal mani fes ta t ions  
are usua l ly  absent a t  the  surface bu t  are present 
where secondary, shallower reservo i rs  occur. 

I NTRODUCTI ON 

Three f i e l d  crews worked i n  various, prede- 
termined par ts  o f  the country. 
t i ons  had o r i g i n a l l y  been planned f o r  the dry sea- 
son b u t  overlapped i n t o  the  ra iny  season. The 
1978 ra iny  season experienced the f i r s t  normal 
r a i n f a l l  a f t e r  several years o f  less than average 
p rec ip i t a t i on .  

Sampling opera- 

F i e l d  determinations o f  waters included tem- 
perature, pH, spec i f i c  conductance, f low .rate, 
ch lo r ide  (Quantabs) and ammonia (Nessler Reagent 
i n  the  f i e l d  and Orion gas-sensit ive electrode i n  
the base o f f i c e  ) . Sample envi ronmental descr i  p- 
t i ons  and we1 1 condi t ions were noted. Laboratory 
determinations, by Amtech Laboratories (San Diego, 
Ca l i fo rn ia ) ,  included Na, Cay K, Mg, SO4, C1, HC03 
and CO3, S O 2 ,  F, 8, pH, and conduct iv i ty.  Ther- 
mal waters were defined as having temperatures 
grea ter  than 32OC. Eight  areas showed geothermal 
geochemical anomalies o f  waters. Four areas are 
described i n  t h i s  paper. 

The f i r s t  extensive work on thermal manifes- 
t a t i ons  i n  (western) Nicaragua was performed by 
Texas Instruments under government cont rac t  i n  
1969 and 1970. That inves t iga t ion  l e d  t o  a study 
o f  the  Marabios Volcanic Range, inc lud ing  the  San 
Jaci  n t o  and Momotombo areas, f o l  1 owed by devel op- 
ment o f  the Momotombo s i t e  ( located on the north- 
western edge o f  Lake Managua). The l a t t e r  area 
has been successively developed by the  United Na- 
t i ons  Development Program (1972-1973) , Electrocon- 
su l  t ( 1974-1976) , and Cal i f o r n i  a Energy Company 
(1975 t o  recent)--the l a t t e r  two companies engaged 
c h i e f l y  i n  development d r i l l i n g .  IECO i s  present- 
l y  monitor ing some continuous-flow we l l  t es ts  a t  
Momotombo. 

CURRENT WORK 

Sampling dur ing the 1978 explorat ion program 
was conducted p r imar i l y  i n  the Nicaraguan Depres- 
sion, i n  the Marabios Range, and i n  the Te r t i a ry  
Highlands t o  the east. The jung le  area i n  eastern 
Nicaragua between the  towns of Rama and Nueva 
Guinea show some i sol ated Recent volcanic centers 
(McBirney and Williams, 1965) and ho t  spr ing  oc- 
currences. A b r i e f  geologic and geochemical sur- 
vey o f  t h i s  area was performed. 
geochemical work was conducted i n  areas where 
power requirements are highest. 

More de ta i l ed  

The Nicaraguan Depression, about 30 t o  45 km 
wide, i s  bounded on the east by the Te r t i a ry  I n -  
t e r i o r  Highlands province and on the west by. the 
P a c i f i c  coastal p la in .  The Depression and Mara- 
b ios  volcanic range t rend northwest-southeast, 
w i t h  a number o f  transverse o f fse ts .  The Depres- 
s ion has the  aspect of  a graben bu t  the s t ruc tu re  
i s  complicated and obscured by a l l u v i a l  and vo l -  
canic f i l l .  
se ismic i ty  and volcanism. 

the Master Plan p ro jec t  are characterized by va r i -  
ous combinations o f  1) apparent high subsurface 
temperatures establ ished by ca t ion  and s i  1 i ca mix- 
i n g  model geothermometers, 2)  above-ambient tem- 
peratures o f  surface mani fes tat ions,  and 3) anoma- 
1 ous concentrat ions of boron , ammonia , carbon 
dioxide, hydrogen su l f ide ,  and ch lo r ide  ions. 
These concentrat ions suggest magmatic degassing a t  
depth and subsequent f rac t i ona t ing  o f  v o l a t i l e s  
i n t o  coo le r  groundwaters from ascending steam. 

Current tectonism i s  evidenced by 

The geochemical anomal i es discovered dur ing  
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The water analyses suggest a ho t  water ra the r  than 
a vapor phase as shown by the  chemical const i  tu- 
ents; the geophysical r e s i s t i v i t y  values a lso  sup- 
p o r t  t h i s  model (White, 1970; E l l i s  and Mahon, 
1976). 

Between the towns of Masaya and Nandaime, a 
major geophysical anomaly i s  present from a depth 
o f  2000 t o  4000 m and extends l a t e r a l l y  f o r  about 
18 km. This anomaly i s  in te rpre ted  t o  represent 
the geothermal reservoir .  From we l ls  immediately 
above t h i s  anomaly, a t o t a l  o f  eleven water sam- 
ples were col lected, taken from depths t o  300 m. 
These samples i nd i ca te  no mixing o f  thermal waters 
w i t h  shallow aqu i fe r  waters, leading t o  the  con- 
c lus ion  tha t  t h i s  possible reservo i r  i s  over la in  
by impermeable cap rock. 

Among the questions asked o f  the chemi cal 
analyses of the thermal and nonthermal waters 
were (1) are there any ind ica t ions  o f  geothermal 
f l u i d s ?  2)  can a r e l i a b l e  minimum temperature be 
assigned t o  the f l u i d s  a t  depth? 3) what i s  the 
degree o f  mixing between the  deeper geothermal 
f l u i d s  and the cooler groundwaters? 4) through 
what l oca l  geologic condit ions (connate waters, 
evapor i te deposits, sul f i d e  ore bodies, organic 
decay i n  sediments, rock-type) must f l u i d s  ascend 
t h a t  might produce fa l se  signatures? The answers 
requ i re  continued evaluat ion and study. 

Even when the  ca t ion  and s i l i c a  geothermome- 
te rs  correspond, they must n o t  be used dogmatical- 
ly as evidence f o r  subsurface temperatures. How- 
ever, when chemical const i tuents show anomalous 
concentrat ions over background waters, the pres- 
ence--on a regional l eve l - -o f  a geothermal reser- 
v o i r  may be in fe r red .  Targeting a rese rvo i r  i s  
based upon agreement o f  data from diverse geotech- 
n i c a l  studies. 

1 
-6 

I 

VOLCAN MOMBACHO AREA 

Recharge o f  d i l u t e  Ca>Na-HC03 i s  being heated 
by r i s i n g  steam (there are several fumeroles i n  
the Mombacho c ra te r )  t o  produce a Ca-Na SO4 water, 
which may mix w i t h  a b o i l i n g  NaCl f l u i d .  The s i l -  
i c a  mixing model suggests a deep f l u i d  temperature 
of 21OoC. However, the s i l i c a  i n  s o l u t i o n  may be 
cont ro l  l e d  by chalcedony o r  volcanic glass ra the r  
than quartz. 
waters i n  t h i s  region indicates coo l ing  by conduc- 
t i o n  and water-wall rock react ions dur ing  f l u i d  
ascent t o  the surface. The ca t ion  geothermometer 
f o r  several samples i s  around 20OoC. 

The high SO,, and Mg content o f  the 

Present i n  some samples are h igh  boron and 
ammonia concentrat ions which may r e s u l t  from steam 
leakage from a deep thermal reservoir .  A h igh 
conductance-1 ow r e s i  s t i  v i  t y  anomaly was revealed 
i n  a reconnaissance geophysical survey i n  the 
p la ins  a t  the southwest edge o f  Volcan Mombacho. 
The area requires fu r the r  geochemical and geophy- 
s i c a l  work t o  determine f i e l d  po ten t i a l .  

THE VOLCAN SANTIAGO/MASAYA-TIPITAPA TREND 

Anomalous waters occur along a se r ies  o f  en 
echelon normal faul t s  s t r i  k ing  no r th  t o  northeast. 
There are r e l a t i v e l y  anomalous proport ions of 
S i 0 2 ,  TDS, C1,  B, and NH3 w i t h  some NaCl mixing, 
poss ib ly  reveal ing a deeper thermal f l u id .  A num- 
ber o f  samples have ca t ion  geothermometers between 
2OO0C and 215OC but  they may be the r e s u l t  o f  h igh 
p a r t i a l  pressures o f  C02. Ratios o f  NH3/C1 and 
B/C1 i n  some anomalous waters e x h i b i t  contradic-  
t o r y  trends, suggesting a gas o r  steam component, 
NaCl geothermal b r i ne  a t  depth, o r  con t r i bu t i on  o f  
NH3 f r o m  decaying organic debr is i n  lake  sediments 
w i t h  C1 o r i g i n a t i n g  from d i f f e r e n t  sources i n t r o -  
duced by d i  f feren t waters. The waters nonetheless 
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show a steam-heated component o f  undetermined 
o r ig in .  A reconnaissance geophysical survey shows 
a po ten t i a l  reservo i r  area about 10 km east of the 
anomalous trend, toward Lake Nicaragua. S t ruc tur -  
a l l y ,  i t  appears t h a t  these waters o r i g i n a t e  as 
recharge a t  the Vol can Santiago/Masaya complex 
( the  Masaya c ra te r  cu r ren t l y  has a small pool o f  
incandescent lava)  and f low northward along the 
f a u l t s  which may form a graben. 
s i b l y  connect w i t h  a deeper geothermal reservoir .  

Geophysical i n te rp re ta t i on  suggests several 
po ten t ia l  reservo i r  areas below 2000 meters. The 
lava  lake a t  Volcan Masaya reveals the  presence 
o f  a shallow magma chamber as a heat source. 
Sel f -seal ing immediately above the system may 
exp la in  the l ack  o f  d i r e c t  surface thermal mani- 
festat ions;  leakage from such a rese rvo i r  may de- 
pend on complicated fau l  t - f rac tu re  connections t o  
the  surface. 

These f a u l t s  pos- 

THE MALPAISICLO AREA 

A number o f  wel l  waters southeast and east o f  
Ma lpa is i l l o  show r e l a t i v e  anomalous chemical com- 
ponents and temperatures above normal. Their  gen- 
e r a l  composition i s  Ca>Na- o r  Ma>Ca- HCO3. Several 
samples , a1 i gned a1 ong a northwest-southeas t 
trend, e x h i b i t  r e l a t i v e l y  h igh  boron, ammonia, 
s i l i c a ,  and TDS. The ca t ion  geothgrmometer shows 
equ i l i b r i um temperatures below 100 C. The s i l i c a  
geothermometer, based on quartz sol ubi 1 i ty , i s  be- 
tween 140Oto 157OC; i f  cont ro l  l e d  by d i  ssol u t ion  
o f  chal cedonyt the temperature i s  between 120' and 
133OC. The Mal pai  s i  11 o geochemical anomaly i s not  
as strong as the  other trends present i n  western 
Nicaragua and requires f u r t h e r  study t o  determine 
mixing amounts and geothermal s ign i f i cance.  A l l  
samples i n  the area were we l l  waters. No thermal 
springs are cu r ren t l y  known. 

VOLCAN TELICA/CASITA-VILLA SALVADORITA ANOMALY 

Many warm springs and we l ls  are found i n  the 
lowlands along the northeast f r i n g e  o f  t he  Mara- 
b ios  Range. 
one running nor th  o f  Volcan Te l i ca  and the  o ther  
s t r i k i n g  northwest-southeast from east o f  Vol can 
Casi t a  toward V i  11 a Sal vadori ta. 

Two anomalous trends are present, 

The no r the r l y  anomaly from Volcan Te l i ca  
shows high C1, B, Si02, "3, and TDS. The B and 
C1 anomalies are coincident, and B/C1 i s  indepen- 
dent o f  C1 i n  several samples, suggesting a com- 
mon source f o r  both elements, poss ib ly  volcanic 
gases. The ca t ion  geothermometer g i  ves equi 1 i b- 
r ium temperatures o f  60' t o  90'C. S i l i c a  i n  the 
warm groundwaters i s  probably con t ro l l ed  by chal- 
cedony o r  amorphous s i l i c a .  The low geothermome- 
t e r  temperatures could be the r e s u l t  o f  coo l ing  by 
conduction on ascent t o  the surface and chemical 
re-equi 1 i b r a t i  on o f  f 1 u i  ds w i t h  the  Recent vol  can- 
i c  sediments. The s i l i c a  mixing model i s  compli- 
cated bu t  suggests a 200'C component , w i  t h  maxi mum 
steam loss before mixing. 
models show a subsurface temperature range from 
171' t o  207OC. 

Various ca t ion  mixing 

The northwester ly Vol can Casi ta-Vi  11 a Sal va- 
d o r i t a  anomaly includes high B, B-B/Cl , and C1 
h igh  r e l a t i v e  t o  surrounding cooler waters, and 
high SiO2. The B-B/Cl anomaly i s  o f f s e t  w i t h  res- 
pect t o  the  ch lo r ide  anomaly. 
the B i s  produced by a source independent o f  the  
increased C1 content. It i s  possible d i f fe ren t  
waters f lowing through d i f fe ren t  subsurface condi- 
t i ons  produce the  anomaly offsets. S i l i c a  and ca- 
t i o n  mixing models for  these waters y i e l d  various 
resu l ts .  The geothermal geochemical i nd i ca to rs  do 
suggest a f rac t i ona t ing  of v o l a t i l e s  f r o m  subsur- 
face b o i l i n g  i n t o  the shallow groundwaters. 

This suggests t h a t  

Both these anomalies are close t o  a c t i v e  vo l -  
canoes Te l i ca  and San Cristobal  . A heat source a t  
depth i s  indicated. Geophysical reconnaissance , 

surveys show a high conductance zone c i r c l i n g  Vol- 
can Casita-San Cristobal  on the north, east, and 
west sides. An increase of conductance t o  the 
no r th  may be due t o  penetrat ion o f  sa l i ne  waters 
from the Gulf  o f  Fonseca i n t o  permeable forma- 
ti ons. A de ta i l ed  geophysi cal  survey w i  l l b e t t e r  
define the geothermal resource po ten t i  a1 i n  t h i s  
area. 

CONCLUSIONS 

The occurrence of many geochemical geothermal 
ind ica tors  i n  the waters sampled dur ing the  recon- 
naissance program reveal the presence o f  several 
h i  gh-temperature geothermal reservoi  r s  i n  western 
Nicaragua. Prel  iminary data-- integrat ing geology, 
geophysics, and geochemistry--suggest t h a t  the 
probable reservoirs are sealed. 
waters are heated by r i s i n g  steam f r o m  these res- 
e rvo i  r s  c rea t ing  secondary reservoi r s  where tec- 
t o n i c  stresses have made the over ly ing  sediments 
more permeable and porous. The frequent occur- 
rence o f  anomalous waters along the major regional  
s t ruc tu ra l  trends, and the  c lus te r ing  o f  thermal 
manifestat ions over fau l  t / f r a c t u r e  in te rsec t ions  
tends t o  support the hypothesis tha t  the  geother- 
mal reservoirs are deep. Geophysical data also 
support t h i s  probabi 1 i t y  . Hence , deep exp lo ra t ion  
d r i l l i n g  s i t e s  must be chosen c a r e f u l l y  and should 
n o t  necessar i ly  be placed next t o  surface thermal 
manifestat ions. The complexit ies seen i n  the  var- 
ious mixing models are based on cont r ibu t ions  o f  
d i f f e r e n t  waters f lowing through heterogeneous 
subsurface condit ions. 
waters are necessary t o  def ine sources and hydro- 
l o d i c  regimes i n  the geothermal systems. 
t a i l e d  work i n  a l l  geotechnical areas i s  ind ica-  
ted. 
below the phreat ic  water l eve l  t o  ob ta in  meaning- 
f u l  gradients . 

Shal low ground 

Isotope analyses o f  the 

More de- 

Temperature gradient holes must penetrate 
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