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FOREWORD 

The Department o f  Energy supports research i n  the geosciences i n  
order t o  provide a sound foundation o f  fundamental knowledge i n  those 
areas o f  earth, atmospheric, and so la r - te r res t r i  a1 sciences t h a t  are 
germane t o  the Department o f  Energy's many missions. The D iv is ion  o f  
Engineering, Mathematical and Geo-Sciences--part o f  the O f f  i c e  o f  Basic 
Energy Sciences which i s  under the Di rector  o f  Energy Research--supports 
i the Geosciences Research Program. The par t ic ipants  i n  t h i s  program 
include the major Department o f  Energy laboratories, industry, universi-  
t ies ,  and other governmental agencies. Such support, formalized by a 
contract  between the Department o f  Energy and the organization perform- 
i n g  the work, provides the funds f o r  salaries, equipment and other 
mater i a1 s , and an overhead a1 1 owance. 

The summaries i n  t h i s  document, prepared by the invest igators,  
describe the scope o f  the ind iv idua l  programs and d e t a i l  the research 
performed dur ing 1980-81. The Geosciences Research Program includes 
research i n  geology, petrology, geophysics, geochemistry, hydrology, 
so la r - te r res t r i  a1 relat ionships,  aeronomy, seismology, and natura l  
resource analysis, inc lud ing the various subdivisions and in te rd i sc i -  
p l i n a r y  areas. All such research i s  re la ted  e i the r  d i r e c t l y  o r  i n -  
d i r e c t l y  t o  the  Department o f  Energy's technological needs. 
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y the Department of 
Energy's Office of Energy Research, within the Officesof Baslc Energy 
Sciences, Division of- Engineering, Mathematical and Geo-Sciences. 
Research supported by this program may be directed toward a specific 
energy technology, national secur,ity, conservation of. the environment, 
or- the Safety objectives of the Department of Energy. The purpose of 
this program is 'to develop geoscience or geoscience-related informa- 
tion',relevant to one or more'of these Department of Energy objectives 
6r t o  develop a broad, basic understanding of geoscientifjc materials 

d processes necessary for attaining long-term Department of Energy 
dividual .research efforts s 

* gram may invol nts of all four objectives. 

esearch Program is divided 

, o Geology, g d earth dynamics 

ted by this pro- 

categories : 

and marine s,ciences , 
o Solar-terrestri a1 -atmospheric interhctions. 

n the laboratory or 
irect techniques. 
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induced stress, including the strain rates that range from 
those appropriate to drilling to viscoelastic response. h 

W 
E. . Research on 

ientif ical ly 
dtivated projects concerned with utilizing shallow (0.3 km), 
intermediate (0.3 to 1 km), and deep (1 km to 9 km) drill 
holes in the United States continental rust to (a) obtain 
samples for detailed physical, chemica eralogical, petro- 
logic, and hydrologic characterization a nterpretat ion; 
(b) correlate geophysical data with lab0 ry-determi ned 
properties; and (c) use of the dril.l hole as an experimental 
facility for studying crustal materials and processes. The 
Department of Energy focuses on dri 1 1  ing through an active 
hydrothermal system (or systems) into a magma chamber or into 
high temperature igneous rocks. Research includes aspects of 
*drilling technology development for such hostile environments. 
Part of a multiagency (U.S. Geological Survey, National Science 
Foundat ion, Department of Energy, and Department of Defense) 
coord i nated program . 

2. Geochemistry 

A. Thermochemical Properties of Geologic Materials. Research 
re1 ated to thermodynamic, physical, and transport properties 
of natural geologic materials and their synthetic analogues. 
Emphasis is on generic rather than site-specific studies. 

8. Static Rock-Water Interactions. Laboratory-based research 
on chemical, mineralogical, and textural consequences of 
interaction of natural aqueous fluids, or their synthetic 
analogues, with rocks and minerals. 

C. Organic Geochemistry. Research on natur occurring carbon- 
aceous and biologically derived substances of geologic impor- 
tance, including research on the origin and development o f  
coal, petroleum, and gas. 

D. ch on chemical 
, materials of the earth's crust, emphasizing 
than specific understanding, which may (ultimately) lead to 
predictive capabi 1 ity. ese experimental a 
studies focus on chemical transport induced 
temperature, and composition gradients within, between, and 
by a phase or phases. This component is part of a multi- 
agency (Department of Energy, National 
U.S. Geological Survey) joint program. 

source Recognition, Evaluation, an 

A. Resource Definition and Utilization. The 
of this research is to develop new and adv 



! 

that are physicaly, chemically, and mathematically. based, for energy 
and energy-related resource exploration, definition, and use. 

B. Refervoir Dynamics and Modeling, Research related to dyndmic model- 
ing o f  geothermal and hydrocarbon reservoirs in their natural and 
perturbed (by production, injection, or reinjec tion) states. 

theoretical research bearing on the origin, migration, emplace- 
ment, and crystallization of natural silicate liquids or their 

I C s '  

C. Magma Energy Resources, Field, laboratory, experiment 

1 i synthetic analogues. These studies emphasize the extraction 
I 
I 

of energy from such liquids. 

D. Information Compilation, Evaluation, and Dissemination. 
These research activities are principally oriented toward evaluat- 
ing existing geoscientific data to identify significant gaps, in- 
eluding the necessary compilation and dissemination activities. 

~ 1 
I I 4, Hydrologic and Marine Sciences 
I 
i A. Ground Water Hydrology. Research related to chemical and 
I physical principles underlying the flow of water through 

porous and permeable rocks near 

dynamics o f  fresh wat 
B. Fresh Water Systems. R 

including streams, rivers, and 
f 1 akes, 

I C. Oceanography. Research involving materials and processes o f  
1 

-the marine environment. 
geophysical, and geochemical research related to rocks and 
sediments beneath the water 

Principal emphasis is on geological, i i 
1 
i 
I 

rected toward 
i 
I of the interactions of 
I '  the solar wind with the terrestrial magnetic field. Research 
1 related to the earth's magnetosphere as a model magnetohydro- 
i 
I 

I 

in the upper atmosphere, 

i 
i 

distribution, and characteristics of solar radiation on the 
earth, including th long-term effec$s of solar radi 

1 D. Meteorology and C1 imatology. Interrel ationshi 
j 
r &id climate with energy systems. 

xv 
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Contractor: ARGONNE NATIONAL" LABORATORY 
Argonne, I 1  1 i n o i s  60439 

Contract: 109 ENG 38 

T i t l e :  Geosciences Program - Geochemical Research 

Persons'in Charge: F. A. Cafasso, P. R. Fields, and M. J. Ste ind le r  

Scope o f  Work 

Research i n  Geosciences a t  Argonne National Laboratory involves 
experimental studies o f  the thermodynamic propert ies o f  natural  and 
synthet ic minerals and o f  the chemical migrat ion o f  t race  elements and 
radionuclides i n  geomedia. Currently, emphasis i s  on t e o l  i t e  minerals 
and on f i ss ion  product and ac t in ide  elements i n  the thermodynamic and 
migrat ion programs respectively. 

A. Thermochemistry o f  Geothermal Mater ia ls ( P. A. 6. O'Hare) 
I 
1 

, 
I n  t h i s  program, several ca lo r imet r i c  techniques (e.g., 

f l u o r i n e  combustion, solution, high-temperature drop, and low- 
temperature adiabatic) are being used t o  determine the thermochemi- 
ca l  propert ies o f  those zeol i tes t h a t  are o f  i n t e r e s t  i n  the 
exp lo i t a t i on  o f  vapor-dominated hot-dry-rock geothermal systems 
and t h a t  may be o f  i n t e r e s t  i n  nuclear waste technology. 

dehydrated analcime, and na t ro l  i t e  (Na2A12Si3010.2H20) . The 
studies have yielded complete and precise thermodynamic quant i t ies  
as a funct ion-of  temperature f o r  the technological ly important 
equi l ibr ium between a lb i te ,  water, analcime, and quartz. Further 

. t e o l  i t e s  bein invest igated include sco lec i te  (CaA12Si3010.3H20) 
and mesoli te NaCa .5Al Si301 02.7H20) both o f  which are isostruc- 
t u r a l  w i th  n a t r o l i  9 , 2  e, t e ana P cime analog, and p o l l u c i t e  
(CSA1Si206). Our r e s u l t s  f o r  these mater ia ls w i l l  ind icate.  how 
the thermodynamic propert ies vary w i t h  m e t a l l i c  subst i tuent and 
may provide guidel ines f o r  the establishment o f  p red ic t i ve  schemes. 
There i s  also current technological i n t e r e s t  i n  po l  l u c i t e  because 
i t  forms when aluminosi l icate phases i n  basalts (some o f  which are 
being considered fo r  nuclear waste storage) reac t  w i t h  f i s s i o n -  
product ces i um. 

Measurements have tieen completed on analcime (NaA1Si206*H20), 

I 
I , B. Trace-Element Transport i n  Geologic Media (M. G. Se i tz  and 

R. A. Couture) 

I n f i l t r a t i o n  experiments i n  t h i s  program are used t o  study 
mass transport, espec ia l l y  o f  t race  elements, through rocks and 
minerals a t  ambient and hydrothermal temperatures. 
periments, aqueous solut ions are pumped through rocks, and the 
reactions between solut ions and rocks are monitored by chemical 
and radiochemical analyses. These experiments are capable o f  

I n  these ex- 

G 



I 

taking into account many factors, including reaction rates 
action equilibria, chemical speciation of solutes, incorporati 
of trace elements into surfaces, and fracture geometry, all of 
which affect mass transport. 

9 Infiltration experiments are 
genesis of pore water in Precamb 
the Canadian Shield and to inves 
that accompanied 

W 

to study the movement and 
ite from the margins of 
f i 1 tration metasomatism 

e intrusion of magma into carb 
I 
1 

C. Migration of Heavy Element Chemical Species in Geological Strata 
(S. M. Fried, A. M. Friedman, J. C. Sullivan, and K. Nash) 

The oxidation state o f  mu1 tivalent actinide ions and technetium 
makes a profound difference in the >ability of these species to 
migrate through ,porous rocks, ils, and sediments. For example, 
it has been reported that PuOz rough porous rocks 
approximately 250 Therefore, it is quite 
important to know xidation state of these metal ions 

with the disposal site and surrounding media which may modify the 
oxidation states .of these metals and thus promote or 'inhibit en- 

I in typical enviro ions. Several factors are associated 
1 

studied by including high specific activity nuclides in solu- 

1 
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, Contractor: BATTELLE MEMORIAL INSTITUTE 
P a c i f i c  Northwest Laboratories 
Richland, Washington 99352 

Contract: 

T i t l e :  I .  Remote Sensing and Geoscience Data 
Methodology 

Persons i n  charge: 6. E. Wukelic, H. P. Foote d S. C. B l a i r  

I The ob jec t ive  o f  t h i s  program i s  t o  conduct basic research i n  remote 
sensing most relevant t o  the Department o f  Energy's object ives i n  the geo- 
sciences. The current goal i s  t o  develop and t e s t  advanced computer tech- 
niques f o r  processing, integrating, d isplaying and using combinations of 
remote sensing and geoscience (geophysical and, geologic) data so t h a t  geo- 
s c i e n t i s t s  can analyze more complex data, more completely and more rapidly.  

a c t i v i t i e s  invo lv ing resource discovery, energy develop 
energy conservation, and environmental assessments. ' 

1 , Successful techniques w i l l  become valuable too l s  i n  geoscience-related 
d u t i l i z a t i o n ,  

ont inuing p ro jec t  encompasses a range o f  research a c t i v i t i e s  

-. . 
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0 Col or-Coded combi nations of geologic, topographic, and 
fault data sets for the 10s Angeles USGS Quadrangle. 
(Rock types are color coded with topographic re1 ief 
presented in stereo. ) 

0 Landsat fa1 se-color imagery he Santa Barbara region 
registered with topographic and geologic fault data sets. 
(Topographic re1 ief is presented in stereo.) 

Various combinat ions of aeromagnetic, geologic; topo- 
graphic, and cultural data sets for the Hanford, Washing- 
ton, area. (Color and stereo relief display the magnetic 
field intensity.) 

LJ 

0 

2. 

PNL’s ,capabilities.for 
y .extended and improved 

are further. advancing, incl 
dimensional movie o f  earthquake swarms occurring in time and a flyby 
of selected seismically active zones, such as the San Andreas Fault 
.-and the Aleutian Trench. This type -of dis will create a three- 

cessing geophysical data are contin- 
Dynamicearthquake data displays . 
ng a computer-generated three- 

out stereo vie 

ntegration met es are expan 
ro as well as macro’scales by mea 

*recently acquired drum digitizer that digitizes p 

C. 



Contractor: . BATTELLE MEMORIAL INSTITUTE 
c, P a c i f i c  Northwest Laboratory 

Richland, Washington ~ 99352 

Contract: 

T i t l e :  t and Operation OE Insolat ion-  

Person i n  Char R, A. Stokes 

Aeronomy Observatory " 

This program i s  composed o f  two major resea 
mid- and h igh- la t i tude ionospheric and auroral phenomena, and studies 
o f  ground-level so la r  rad ia t i on  f lux .  The inso la t ion  research u t i l i z e s  
spectral  measurements o f  the d i r e c t  and d i f f use  components o f  so lar  
radiat ion.  The aeronomy task u t i l i z e s  a la rge  data base o f  op t i ca l  
measurements o f  n ightt ime auroral emissions t o  focus o 
energy t ransport  and in teract ions i n  the upper atmosph 

' Information acquired i n  the inso la t ion  task has d 
c a b i l i t y  t o  so la r  power s i t e  evaluations, and photovol ta ic and photo- 
b io log i ca l  programs. Inso la t ion  research cu r ren t l y  provides de ta i led  
information about the atmospheric e f fec ts  o f  the  1980 Mt.  S t .  Helens 
volcanic eruptions and t h e i r  e f fec ts  on rad ia t i on  t rans fer  w i th in  the 
atmosphere. Due t o  the s ize  o f  the data base and a v a i l a b i l i t y  o f  
measurements both. before and a f t e r  the erupt ive events, a basel ine can 
be establ ished from which-deviat ions r e s u l t i n g  from v 
can be measured. 

diagnostic t o o l  t o  invest igate the s ta te  o f  the upper 
the sources of e 

S ign i f i can t  quant i t ies  o f  energy are t ransferred 
by processes w i th in  the magnetosphere, notably from t 
the p l  asmasphere/magnetosphere i n te r face  region. SUC 
can have profound e f fec ts  on the  upper atmosphere. T 
festat ions of these e f fec ts  are monitored by t h i s  pro 

The aeronomy program uses nightt ime opt 

gy f lowing i n t o  t h i s  region. 

A. Inso la t ion  Studies (J. J. Michalsky and E. W. Kleckner) 

Analysis o f  inso la t ion  data occurs i n  several subtasks: 
bu i ld ing  a q u a l i t y  data archive, and studies o f  volcanic e f f  
atmospheric aerosols, and cloud physics. For the purpose o f  an 
archival  data base, ca l ib ra ted  spectral  measurements i n  the  range 
o f  300 t o  1100 nm are assembled. A major service i s  to 'provide 

(PNL) also maintains high spat ia l  reso lu t ion  measurements o f  the  
d i f f use  component o f  so lar  radiat ion.  The d i r e c t  rad ia t i on  data 

so la r  measurements t o  the  National Cl imat ic  Center f o r  
by in terested users. The P a c i f i c  Northwest Laboratory 

6 
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are u t i l i z e d  i n  volcanic e f f e c t  studies, from which t u r b i d i t y  . 
values i n  12 spectral bands can be obtained every 5 minutes 

. throughout the day. This represents an extremely dense data set  
.from the nine s i t e s  The length of the h i s t o r i c a l  record allows 

I seasonal e f fec ts  t o  e recognized and corrected when analyzing a 
a volcanic erupt ion o r  power p lan t  introduc- 

W 
, 
; s ing le  event such 

d i s t r i b u t l o n  o f  s ta t ions i n  thePNL network allows 
observation of cont inental  e f f e c t s  due t o  the increased. 
from these events.. Routine data c o l l e c t i o n  also includes 

high spa t ia l  reso lu t ion  solar-zeni th and solar-almucantar -scans a t  
half-hour in terva ls .  On c lear  days, these data as w e l l  as the 
d i r e c t  measurements can be used t o  der ive aerosol properties, in -  
c luding average size, s ize d i s t r i bu t i on ,  index of re f ract ion,  and 
quanti ty. 

The above goals are achieved using a Mobile Automatic Scanning 
Photometer (MASP). The MASP system measures i nso la t i on  i n  spectral 
bands centered a t  395 nm, 470 nm, 570 nm, 680 nm, 785 nm, 900 nm, 
and 1010 nm. The f i e l d  o f  view i s  1-50, w i t h  a basic instrument 
s t a b i l i t y  o f  2 2%. The MASP u n i t s  were designed and b u i l t  t o  be 
portable and ,operate r o u t i n e l y  a t  remote s i tes;  present ly these 4 

include Hinsdale, Montana; Ely, Nevada; Richland, Washington; and 
Ft .  Providence, Northwest Te r r i t o r i es ,  Canada. Addi t ional  archival  
data are acquired from cooperative programs which have instruments 
s i t e d  a t  I r o n  Mountain, Michigan; Boulder, Colorado; Eureka; 
Montana; Albuquerque, New Mexico; and Leduc, A1 berta, Canada. 

Aeronomy Studies (E. W. Kleckner, D. W. Slater, and L. L. Smith) 

A primary resource o f  the aeronomy studies i s  t h e  nightt ime 
o p t i c a l  data acquired by the instrument. network mentioned previous- 
ly. Upper atmospheric,emissions centered a t  557.7 nm, 630 nm, 
427.8 nm, and 486.1 nm are r o u t i n e l y  recorded by the MASP i ns t ru -  
mentation. The observing technique consists o f  scanning the sky 
i n  a series o f  zenith-centered concentric c i r c l e s  a t  e levat ion 
angles o f  100, 150, 200, 300, 500; and 900. Since the photometric 
f i e l d  o f  view i s  2.5O,  these scans cover adequately the e n t i r e  
hemisphere. Total  energy in t roduc t ion  i n t o  the thermosphere and 
energy spectra o f  inc ident  p a r t i c l e  populations may be derived by 
using the  absolute values and r a t i o s  o f  the  emission i n tens i t i es .  
The extent o f  the MASP network thus, allows d e t a i l s  o f  p a r t i c l e  
p r e c i p i t a t i o n  and energy deposit ion t o  be studied simultaneously 

of 6 hours. This type o f  coverage i s  unique t o  PNL's 
he u t i l i t y  o f  global coverage thus obtained i s  g r e a t l y  
i g h l y  loca l i zed  and de ta i l ed  measurements made with 

various . s a t e l l i t e  experiments. To t h i s  end, PNL has aggressively 
pursued a program o f  01 laborat ive research w i th  many p r inc ipa l  

e experiments . 

B. 

' 

vestigations t o  date ha involved s ing le  
ground stat ions, w i th  the r e s u l t  t h a t  oyr understanding o f  large- 

, s c a l e  auroral phenomena has tended t o  be rest r ic ted.  Synthesizing 
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observations by the PNL network is a major research focus. Princi- 
pal study areas include solar cycle control of energy deposition 
and frequency of mid-latitude upper energy deposition and atmos- 
pheric phenomena, analysis of. the mechanisms of energy transport 
from magnetospheric source regions to energy sinks within the upper 
atmosphere, and the e ects of this energy input on the dynamics of 
the upper atmosphere. he MASPs have benefited investigations of 
diffusion' rates 
ing of high-a1 ti 
of this type are plann 
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Person i n  Charge: D. Rai 

Scope ,of Work 

The goal o f  t h i s  pro ject  i s  t o  develop a c a p a b i l i t y  f o r  p red ic t i ng  
t race  const i tuent sorpt ion and migrat ion i n  geologic media based on a 
physical understanding of the rate, extent, and mechanisms o f  migrat ion 
o f  selected elements i n  the earth 's crust .  Elements, t race  metals, and 
nuclear waste products were chosen f o r  t h i s  study because t h e i r  migra- 
t i o n  behavior must be considered i n  resource explorat ion and development 
as w e l l  as i n  the  environmental e f f e c t s  o f  waste disposal. 

A. Structure and Mechanisms o f  the In te rac t i on  o f  Trans i t ion  Metal- 
Organic Complexes w i t h  So i l  (L. Y. Mar t in )  

The basic experimental approach involves preparation o f  metal- 
organic complexes and the subsequent use of these i n  batch and 
column experiments t o  determine t h e i r  mechanisms o f  sorption. 
I n i t i a l l y ,  technetium (Tc) was selected f o r  these experiments. 
Technetium i s  capable o f  exh ib i t i ng  m u l t i p l e  oxidat ion states 
(Tc(- I )  through ( V I I ) )  depending on the .chemical environment. 
A l l  states from TC(1) through TC(VI1)  are capable o f  undergoing 
complex formation w i th  organics. Methods o f  preparing organic 
complexes (EDTA, DTPA, c i t r a t e )  o f  T c ( I I I ) ,  Tc(IV), and Tc(V) were 
developed. C rys ta l l i ne  products o f  Tc organic complexes have been 
iso la ted and are being characterized, 
formation constants f o r  these complexes. 

This includes determining 

plutonium (Pu) and americium (Am) were selected f o r  these studies. 
Contaminated Hanford s o i l s  were used t o  determine the fac to rs  or 
mechanisms contro l  l i n g  the concentration o f  Pu and Am i n  solut ions 
contacting these soils. The concentrations o f  Pu i n  solut ions . 
equ i l ib ra ted  w i th  these s o i l s  were found t o  be cont ro l led  by 
Crys ta l l i ne  PuO . The concentration o f  Am i n  so lu t ions  appeared 
t o  be c o n t r o l l e  5 by an Am s o l i d  phase. Although the nature o f  t he  



L Am so d phase is not known, it does have very low solubility 
(2.1O-hl at pH 7). The results indicate that very high Am sorption 
by diffzrent minerals (reported in the literature) is due to the 
precipitation of Am solid. In an effort to identify this Am solid 
and the Am solution species, studies on solubility o f  Am02 and' 
Am(OH)3 are being conducted. Studies are also, underway to Check 
whether the Am solid phase controls the Am solutfon concentrations 
from different rocks and sediments in 'other ground waters. 

/ 
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Contractor: BATTELLE MEMORIAL INSTITUTE ' 
~ Pacific Northwest Laboratories 

Richland, klashington 99352 b, 

Contract: EY-76-C-06-1930 

Title: IV. Chemical Migration by Contact Metamorphism 

Person in Charge: 

in Granite and Silt onate Systems 

J. C. Laul 

investigate the migration o f  major, minor, 
* 

ific emphasis will be on the rare 
r, Hf, Ni, Ths and u -  The a~Pli- 
understand and predict the long- 

and particularly trace elements during contact metamorphism between 
granite and si 1 t/carbonate rocks, S 
earth .elements (REE)--Ba, Sr, Rb, Cs 
cations f this study may enable'us 

geologically confined nuclear waste, 
term (10 s to 107 years) behavior and movement of radionuclides in 

The .geological site under study is the porphyritic quartz monzonite 
sion at Notch Peak, near Delta in western Utah. The intrusion was 

emplaced in a 'Cambrian limestone interbedded with argillaceous layers. 
The Notch Peak granite intrusion discordantly intersects nearly all 
depositional environments of a carbonate platform edge and outer shelf 
of Cambrian age. The metamorphic temperatures near contact are %500OC 

ical traverses away f 
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Contractor: LAWRENCE BERKELEY LABORATORY 
Univers i ty  o f  Cal i f  orn i a 
Berkeley, Ca l i fo rn ia  94720 

Contract: W- 7405-ENG-48 

T i t l e :  Geosciences Pro 

Person i n  Charge: 

Scope o f  Work 

The Geosciences Program a t  Lawrence Berkeley Laboratory co 
o f  ten projects. These pro jects  are broadly based fundamental 
t h a t  support development o f  hot  water energy storage, st imulate 
covery o f  o i l ,  i s o l a t i o n  o f  rad ioact ive wastes; and uranium resource 
evaluation and vecovery. Studies include formulat ing theore t ic  
cepts, developing new instrumentation, executing experimental m 
ments i n  the laboratory and f i e l d ,  and simulat ing proc 
computer models. 

A. 

P. A. Witherspoon 

Nonisotherm*al Reservoir Dynamics (P. A. Witherspoon 

This p ro jec t  encompasses a wide range o f  fundam 
f h i d ,  heat, and so lute t ransport  i n  underground formations. 
studies have relevance t o  underground thermal ‘energy storage 
log i ca l  i s o l a t i o n  o f  nuclear waste, chemical waste disposal; and 
other energy-related projects. The goal i s  t o  be t te r  understand .: 
the various physical o r  chemical processes i n  porous o r  fractured 
media and t h e i r  e f fec ts  through ana ly t i c  and numerical modeling. 
A t  the same time, a number o f  graduate students and post-doctoral 
fe l lows are t ra ined i n  the  expert ise and experience necessary t o  
pa r t i c i pa te  i n  developments i n  t h i s  f i e l d .  

- ’  

The fo l low ing  general top ics are addressed: 

o Hot and co ld  water i n j e c t i o n  i n t o  a one- o r  two-phase porous 
s stem. I n  the  area o f  thermal energy storage i n  aquifers, 2 -y-s num e r  o f  basic problems need t o  be solved i n  order t o  under-’ 
stand the thermohydraulics o f  a reservo i r  under i n j e c t i o n  o r  
production. Among these are the areas o f  thermal 
nonisothermal pressure t rans ient  behavior, and buoya 
i,n a l i q u i d  or steam-liquid reservoir .  

i s  s i g n i f i c a n t  t o  nuclear waste underground repos i to ry  problems. 
Regional, thermally-induced convection around and above an 
extended heat source i n  the presence of one o r  more f ractures 
w i l l  be analyzed. In te rac t ion  o f  f lows i n  one f rac tu re  w i th  
those i n  another has t o  be understood. 

r 

o Thermally induced f lows i n  a ’ f rac tu red  medium. Su 
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Transport in a fractured'porous medium. Most underground for- 
mations are fractured porous media. The interaction between. 
fracture flow and-Dorous medium flow of heat, fluid, or solute ks 
is a most interesting and open issue to be studied.- 

o Developments of new directions. As more experience is gained in 
field and modeling studies, new directions of energy research 
and development emerge. 
to d ificance and feasibility of these ideas. 

Initial investigations are being made 

B. Properti f Rock-Fluid Systems' ( W .  H. Somerton 

nd behavior of porous rocks fn subsurface e 
ments are substantially different from rock samples brought to the 
surface and tested at surface conditions. Analyses of a number of 
subsurface reservoir operations and processes require re1 iable i 
information on. the properties and behavior o f  the fluid container 
(porous rocks) at reservoir conditions. The purpose of this pro- 

-%ject is to measure these properties under simulated reservojr con- 
ditions of pressure,. temperature, and fluid saturation, and to 
determine how these properties will change in response to changing 
-reservoir conditions. Models are also bei developed to relate 
complex physical propertjes to more simple eas er-to-measure 
properties and characteristics of the rock-fluid system. Models 
are also being developed that-allow property changes to be pre- 
dicted along with changes in environmental conditions. The en- 
vironmental conditions have important applications to numerical 

easured indjvidually with 
be measured simultaneously (sequen- 

tially) with newly constructed apparatus, include absolute permea- 
bility, electrical resistivity, elastic wave velocities, pore and 
bulk compressi bi 1 ities and thermal expans ions, and thermal con- 
ductivities. Rocks and fluids used in the studies include those 

. isting equipmen 

w 
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1 kbar. These measurements suffice to give a comprehensive equa- 
tion of state, provided that other thermodynamic properties are 
known for a particular system at room temperature and pressure.' 

erties of mixtures based on the knowledge of the pure component 
olutions in water. 
or mixed brines are well verified by direct measurement. 
quilibria can be predicted. 

The theoretical work has yielded equations predicting the pro- 

In a number of cases, the calculated results 

New results for sodium sulfate 
(Na2S04) and revised equations for sodium chloride (NaC1) are 
essentially complete. Other experimental work includes measure- 
ments for magnesium sulfate (MgS04). Calculations for solutions 
of Na+ with CO3', HCO3-, and OH- also'are well advanced; these re- 
sults are important for the treatment of ph e equilibria involving 
carbonates . 

0. Rock-Water Interactio (J. A. Apps) 

The objective of this project is to further the unde 
of ground water chemistry,and the factors that control its composi- 
tion. This is accomplished by measuring the solubility of common 
rock-forming minerals in aqueous solutions at temperatures ranging 
from 25% to 400OC and at pressures ranging from 0.1 to 50 MPa. 
The results o f  the measurements are used to test rock-water inter- 
action models. Refinement of the existing rock-water interaction 
computer codes and data bases is needed before chemical transport 
caneAbe accurately model led in water-saturated rocks. 

Measurements of albite solubility along the water saturation 
curve indicate that serious errors exist in the high temperature 
dissociation constants for the aqueous aluminum species. 
ments to measure the solubility of diaspore a-Al(0)OH as a 
function of pH at 175OC, 250OC and 350OC are being conducted to 
determine dissociation constants for the principal aluminum species 
so that these errors may be rectified and evaluatTon o 
bility of albite may be completed. 

E. (I. S. E. 

Experi- 

This project is designed to investigate silicate liquids for 
two general purposes--to a1 low the approximation of the properties 
o f  naturally occurring melts of a wide compositional range, and to 
egamine more specifically the effect of composition in simpler 
systems in order to understand more details of mechanisms of 
solution chemistry. 

. Measurements of density as a function of temperature (1OOOOC 
to 1600OC) have allowed partial molar volumes of eight oxide com- 
ponents to be calculated, and these values give excellent agreement 
with values measured on natural liquids. Within the temperature 
and compositional span of the experimental data, silicate liquijjs 
mix ideally with respect to volume. c 
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easurements, i n  conjunction w i th  previous measure- b i t i e s  o f  s i l i c a t e  l iqu ids,  are used t o  de- 
, r i v e  a simple so 

on earth and on- the  moon based imgntal so l  id-1 i q u i d  equi l  i- 
bria.  Equi 1 i bra t  i on tm'peratur s c i b i l i t y ,  and a r t i a l  molar 

, f r e e  energies predicted by the rrespond w i t h  o servations 

ode1 f o r  l i q u i d s  covering the range found 

rominent component 
have been determine"d, based on 
h igh  temperature drop calor imetry 

and 'measurement o f  the glasses by d i f f e r e n t i a l  scanning calorimetry. 
Data has also been col lected on intermediate compositions on the  
ternary .system t o  inves t iga te  mixing propert ies. This w 

cover a much 
t . surements of compress i b i  1 1 t y .  of s i 1 i - 

cate l i q u i d s  have been made and w i l l  be extended i n  temperature 
and composition. The eventual goal i s  t o  obtain p a r t i a l  molar 
isothermal compress ib i l i t i es  ,of the common oxide components, 

F. 

I n i t i a l  work has prov 
ized so lu te  t ransport  
i c a l  t ransport  theor which nonequil 

ed by l i n e a r  r a t  
es for  compar i ng 
t i o n  k i n e t i c s  and from 
h thermodynamic coup1 i 
cat solut ions are appl icable 
on of so lu te  sorbed on the s o l i d  phase i s  small compared 
t i v e  capacity o f  the s o l i d  phase, and i n  which so lu te  
roduced a t  a s ing le  po in t  w i t h i n  the  system: The 

esul t i n g  point-source so1utjons"have two immediate applications. 
i r s t ,  they are useful  
oncentrat i on h i  s to r i es  

he-dependent 'solute 

r e  then, descr ip t i ve  o f  nea 
source dimensions cannot be neglected. 



. A computer code f o r  numerical so lu t ion  o f  the t ransport  , 

equation w i th  chemical reactions described by nohlinear r a t e  ex- 
/ pressions i s  being developed. The non l inear i ty  ar ises from con- 

Ld 
s iderat ion o f  sorpt ive processes i n  nhich the  concent 
solute sorbed on the s o l i d  phase i s '  comparable t o  the 
capacity of the s o l i d  phase. The code i! t o  perform 

compare the ana ly t i ca l  solut ions f o r  t 
I analyses of the parameters o f  sorpt ion and t ranspor t  i n  order t o  
I 

1 
I Studies of i r r e v e r s i b l e  t ransport  

en systems are being completed. These studies have focused on 

ems, and i n  p a r t i c u l a r  on the minimum 
the character izat ion o f  the production r a t e  o f  ,entropy by i r revers-  

bl-e processes i n  such s 
roper ty  o f  the product? 

These invest igdt ions escr ib ing as c h  t e l y  as possi- 
b le  those phenomena associated w i th  chemical t ranspor t  i n  natura l  
systems which account d i r e c t l y  f o r  i r r e v e r s i b i l i t y .  Within ce r ta in  
1 imits, the thermodynamics o f  i r reve rs ib le  processes quan t i t a t i ve l y  
expresses i r r e v e r s i b i l i t y  by evaluating the  entropy changes i n  

The Physics and Mathematics o f  Isothermal Subsurface F l u i d  Flow 
Systems (T. N. Narasimhan) 

Tradi t ional ly ,  subsurface f l u i d  f l ow  equations have been 
I expressed as dif.ferentia1 equations. Studies over the past several 

years have shown t h a t  a change i n  perspecttve is.perhaps needed, 
not on ly  i n  order t o  make s i g n i f i c a n t  progress i n  the  numerical 
modeling o f  subsurface f l u i d  f l ow  but also t o  evaluate a more gen- 
e ra l  conceptual understanding o f  subsurface f l u i d  f l ow  phenomena. 

The suggested new perspective i s  i n  the  form o f  fu l l y  i n teg ra l  
representations ra ther  than d i f f e r e n t i a l  equations. As pa r t  of 

parabol ic p a r t i a l  d i f f e r e n t i a l  equation was made. New in teg ra l  
representations were derived-which now include the e x p l i c i t  state- 
ment o f  the source term(s) as,wel l  as t h e i r  d iss ipa t ion  over f i n i t e  
t ime in terva ls ,  simultaneous w i th  generation. This inc lus ion  o f  
d iss ipa t ion  should help make fu tu re  numerical hand1 i n g  o f  sources 
more e f f i c i e n t  and accurate. 

~ i r r eve rs ib le  systems. 
i 

6. 

- t h i s  overa l l  new d i rect ion,  the r o l e  o f  the Itsource" term i n  the 

The in tegra l  perspective has insp i red other new i d  
example, an al ternate expression for  Darcy's law has been derived 
from axiomatic bases i n  which-geometry i s  imbedded i n t o  the  state- 
ment o f  Darcy's law. i n  t h i s  expression, the  gradient o f  po ten t ia l  
i s  dispensed w i th  i n  favor o f  the d i f ference i n  po ten t i a l  i n  con- 
junc t ion  w i t h  a funct ion describing the geometry o f  the  macroscopic 
channel. Prel iminary appl icat ion o f  t h i s  expression t o  the  r a d i a l  
f l ow  problem has-provided some remarkable ins jgh ts  i n t o  the  nature 

- 

o f  d i f f u s i o n  process i t s e l f .  I 



I 

the inte ral approach will be continued.. 
New ideas and resulting improved ntegration procedures will be 
implemented in existing computer programs as expediently as possi- 
ble. The goal of the research is to continue striving for mathe- 
matical.models of increasingly physical realism and for a better , m '  

P Further work bas u 
. 

H. 

has recommended research tot, obtain the needed data.' 

project also provides ,a single comprehensive computerized 
data base on basic properties o f  aqueous solutions germane to geo- 
thermal "energy research and utilization. These properties, which 
ange up to 350OC and 50 MPa, include enthalpy, heat capacity, 

thermal conductivity, vapo olubility, and 
The solutes are mainly sodi potassium chlor- 
alcium chloride. The results of this work are contained 

in two LBL publications: Technical Databook for Geothermal 
Energy Uti1 izationfl; and an indexed and annotated computerized 

I .  

of oil and minerals and for the understanding of the structure of 
the earth. This project concerns the determination of the elastic 
profiles of either a plane stratified or spherically stratified 

. earth model from the measurements of shear and compressional sur- 
face data due to surface shear and compressional vibrators. It has 
been shown that the density, shear modulus, and incompressibility 
profiles o f  a layered elastic earth are uniquely determined from 
suitable surface data and sources. A direct (noniterative) inver- 
sion algorithm has been developed which constructs these profiles 
from the surface data. The extension o f  the theory to two- 
dimensional earth structure is currently under study. The integral 
equation solution o f  the forward problem is used to generate 

w 
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1 synthetic seismograms and hopefully, from this data, the two- 
dimensional shear wave velocity distribution. within the assumed 
oarth model be able to be reconstructed. 

-Deep Electromagnetic Sounding of the Crust (H. 

Variations of electrical conductivity with 
important for determining deep structure and h 
centers associated with crustal thinning and m 
These studies provide valuable complementary data to deep s~eismic 
studies, especially in areas where seismic waves are scattered or 
absorbed by relatively near-surface structure, The, traditional 
magnetotel lurit method is subject to serious interpretational 
problems particularly when 1 ateral discontinuities are strong. 

Control led source (EM-60) electromagnetic sounding provides a 
more focused measurement of the conductivity distribution beneath 
the sounding site, Such a sounding i s  currently in progress in 
,central Nevada over a crustal heat-f low high. The sounding' is 
intended to confirm the existence' and accurate depth of ,a cwstal 
low-resistivity zone that has been inferved from magnetotelluric 
data. The extent and nature of this anomalous zone i s  critical 
to understanding the regional crustal structure of the Basin and 
Range provi nce. 1 ,  

The EM-60 tests have concentrated on the use of a large moment 
(2-km2) current loop, widely separated receivers (up to' 30 km), 
and a new noise-cancel lation system using remote reference magnet- 
ometer. All the sites are linked by FM telemetry, to an in-field 

' data processing computer. Using frequencies as low as 0.03 Hz, 
the system is able to resolve a conductive zone at depths of 15 
to 20 km. 

CI 
J.  

. 

i 

1 .  
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Contractor LAWRENCE LIVERMORE NATIONAL LABORATORY 
Univers i ty  o f ‘  Ca l i f o rn ia  

l i f o r n i a  94550 
di 

T i t l e :  

Contract : W- 7405-ENG-48 

Person i n  Charge: 

onal Laboratory (LLNL ) i s  
organized t o  study physical  and chemical propert ies and responses o f  
ear th  mater ia ls  t h a t  are important t o  Department o f  Energy programs and 
i n i t i a t i v e s .  A l l  o f  these e f f o r t s  make use o f  experimental work, novel 
diagnostic techniques, and computer modeling. The ‘common object jve o f  
t h i s  integrated program i s  t o  develop models t h a t  can be used t o  p red ic t  
and understand the  behavior o f  the ear th  i n  both the near and f a r  f i e l d .  

emical proper- 
t i e s  and responses o f  e r, on developing 
computer models t h a t  a i  nd understanding these proper- 
t i e s  and responses. Our current e f f o r t  comprises studies o f  aqueous 
geochemistry, basic rock mech 
m i  ner a7s , e i  

Current work a t  LLN 

maging, d i f fus ion  i n  

A. 

stand the mech s, ~ thermodynamics, and 
k ine t i cs  o f  ce r ta in  geochemical processes, especia l ly  those . invo lv-  
i ng  the i s o l a t i o n  o f  rad ioact ive wastes. To t h i s  end, measurements 

B. 

search are of basic i n te res t  and could be used i n  a va r ie t y  o f  
problems associated w i th  igneous rocks. 

The numerical model 1 i n g  e f f o r t  involves development o f  a code 
using current LLNL, LANL, and SNL codes. This work w i l l  assess 
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the p o s s i b i l i t y  t ha t  a melt, produced from heat generated by h igh 
leve l  rad ioact ive wastes stored i n  the crust; w i l l  migrate t o  the 
surface. The experimental program i s  c lose ly  coupled t o  t h i s  theo- 
r e t i c a l  study. We p lan t o  measure the thermoelastic propert ies, 
thermal conductivi ty, and heat capacity o f  rocks t o  lOOOOC and 
50 MPa. 

IJ 

C. Underground Imaging (R. J. L y t l e  and A. 6 .  Duba) 

The underground imaging e f f o r t  aims t o  develop geophysical 
data co l l ec t i on  methods, data processing procedures, and integrated 
data in te rpre ta t ion  techniques. These e f f o r t s  are d i rec ted  toward 
providing an enhanced diagnostic capab i l i t y  f o r  character iz ing the 
subsurface environment. This involves developing improved labora- 
t o r y  and f i e l d  instrumentation, acquir ing fundamental data on the 
propert ies o f  mater ia ls  under var ied conditions, and improving the 
.overa l l  data in te rpre ta t ion  process. 

D i f fus ion  i n  Earth Mater ia ls (Re He Condit and A. J. Piwinsk i i )  

A novel technique o f  rad iot racer  dif fusion, developed by LLNL, 
i s  used t o  study i on i c  d i f fus ion  i n  s i l i c a t e  minerals re levant  t o  
processes i n  the ear th 's  c rus t  and mantle. Rare, but stable, 
isotopes are used i n  d i f f u s i o n  experiments and afterward are selec- 
t i v e l y  made radioactive. Oxygen-I8 i s  made rad ioact ive by i on  
bombardment t o  produce f luor ine-18 (ha l f -1  i f e  = 1.8 h). Autoradi- 
ography i s  used t o  locate the  t racer  and measure concentrations. 
Measurements w i l l  be made on o l iv ines,  pyroxenes, feldspars, and 
perhaps some molten rocks. ~ 

D. 

E. Seismology: State o f  Stress i n  the Basin and Range Province 
(K. K. Nakanishi and H. J. 'Patton) 

The object ive i s  t o  characterize the regional  stress f i e l d  
i n  selected areas o f  the Basin and Range by determining the focal  
mechanism, depth, and seismic moment o f  earthquakes i n  t h i s  pro- 
vince. The stress f i e l d  w i l l  be characterized by or ientat ion,  
using d i rect ions o f  the  p r inc ipa l  stress axes determined from the 
foca l  mechanisms, and magnitude, using the  estimate of seismic 
moment (and f i e l d  observations, when avai lable) ' t o  ca lcu late stress 
drop o r  apparent stress. The foca l  depth w i l l  be used t o  map the  
stress or ien ta t ion  and magnitude as a funct ion o r  depth. The 
in te rpre ta t ions  o f  the observed s t ress f i e l d  i n  terms o f  i n t r a -  
p la te  sources o f  stress w i l l  be made from computer models f o r  a 
three-dimens ional  v iscoelast ic  medi urn. 



Contractor: LAWRENCE LIVERMORE NATIONAL t ABORATORY 
University of Cal i forni a 
Livermore, Cal iforni a 94550 . 

\ -  

Contract: . W-7405-ENG-48 I 

Title: . 11. Continental Scientific Drilling Program: 
Data Management 

Person in Charge: 

Scope of Work 

A. G. Duba 

I es data bank 
and information services for the.CSDP program, as follows: sub- 
surface data from programmatic drilling by federal agencies and new 
wells drilled by indlistry that offer opportunity. for cooperative 
efforts, and a computerized data bank i 11 hole data. acquired 
in CSDP projects. Information on pla drilling activities 
,can be disseminated to the scientific c i tY Researchers are 
encouraged ,to use the data base to locate opportunities for piggy- 
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Contractor: LOS ALAMOS NATIONAL LABORATORY 
Univers i ty  o f  Ca l i f o rn ia  
Los Alamos, New Mexico 87545 

. Contract: W-7405-ENG-36 

T i t l e :  I. Geology and Geophysics 

Person i n  Charge: R. E. Riecker 

Scope o f  Work 

in. Geology and Geophysics consists o f  thermal regimes of the Jernez 
lineament and Rio Grande rift i n  northern New Mexico, i n  support o f  the 
CSDP program and geothermics; rock physics; and coal research. The 
thermal regimes research involves invest igat ions o f  ' t he  tectonics and 
petrogenesis o f  the Pal iza Canyon Formation on the f l ank  o f  the Jemez 
Caldera; the petrology and geochemistry o f  the Lucero, Zuni, and Mt.  
Taylor vo lcanic ' f ie lds;  Sul fur  Springs, a small vapor-dominated geo- 
thermal system on the f lank  o f  the Valles Caldera; seismic re f rac t i on  
p r o f i l i n g  i n  north-central New Mexico t o  improve geophysical d e f i n i t i o n  
o f  the  rift; the basa l t i c  volcanism a t  the  in te rsec t ion  o f  the  Jemet 
and Zuni lineaments; and act ive hydrothermal systems i n  northern New 
Mexico: Rock physics research i s  performed on r a d i a t i v e  heat t rans fer  
i n  minerals, glasses, and melts; mechanical propert ies o f  rock under 
negative ef-fect ive conf in ing pressure, micromechanics o f  t e n s i l e  f a i l u r e  
i n  rocks; creep deformation o f  rock under simulated nuclear waste reposi- 
t o r y  conditions; and b r i t t l e - d u c t i l e  t r a n s i t i o n  i n  mafic rocks. Coal 
research focuses on occurrence, form, and d i s t r i b u t i o n  o f  s u l f u r  i n  
peats. This basic research applies d i r e c t l y  t o  DOE energy technology 
needs i n  geothermics, waste iso la t ion,  f o s s i l  fuels, a l te rna t ive  energy 
resources, and conservation. 

The Los Alamos National Laboratory (LANL) basic research program 

1. Tectonics and Petrogenesis o f  the Pal iza Canyon Formation 
o f  the Keres Group, Jemez Mountains, New Mexico I 

I IJ. N. Gardner) 

The Pal iza Canyon Formation o f  the Keres Group, i n  the 
Jemez Mountains o f  northern New Mexico, o f fe rs  unique oppor- 
t u n i t i e s  f o r  obtaining information regarding tec ton ic  and 
magmatic evolut ion o f  the centra l  Rio Grande rift. Occurring 
a t  the western margin o f  the rift, the Pa l iza  Canyon rocks 
represent the rev i va l  o f  rift volcanism a f t e r  a long mid- 
Miocene l u l l  and the f i r s t  o f  several major magmatic events 
t h a t  l e d  t o  the present ly ac t i ve  Valles Caldera geothermal 
system. Detai led geologic mapping complemented w i t h  K-Ar 
dates w i l l  r e f i n e  s t ra t igraphy o f  the formation and shed l i g h t  
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on the relationship of tectonics to volcanism, and the distri- 
butim and volume of volcanism through space and time. Major 
element whole rock and mineral chemistry, trace and rare earth 

s The Rio Grande rift is a major late Cenozoic continental 
rift, which extends from central Colorado across New Mexico 
to Chihuahua, Mexico, and west Texas. The rift is intersected 
bliquely by a serie o f  para1 le1 , northeast-trending fracture 
ones, These transv se fradture .zones, which are probably of 

Precambrian origin, extend for hundreds of ki lometers and are 
variously characterized by faults and a1 ignments of volcanic 
'centers and intrusive bodies. These tones exerted a major 
effect on both rift structure and 

or fracture zone intersectin rift is the Jemez 
zone corresponds t weakness in the 

lithosphere and is very import ing late Cenozoic 
alkalic and tholeiitic basaltic volcanism both within and 
adjacent to the Rio Grande rift. Major centers o f  volcanism 
occur at several localities along the Jemez zone, particularly 
where this zone intersects other major structural features. 
For example, the Jemez Mountains volcanic field, the most 
extensive volcanic field of northern New Mexico and a '#known 
qeothermal resource area," tis located where the Jemei zone 

I 

w 



ij 'Vapor-dominated reservoirs are s p e c i f i c a l l y  mentioned 
as target  areas f o r  research i n  the CSDP because they possess 
high energy po ten t i a l  and because they transport  v o l a t i l e  . 
elements o f  economic value. This inves t iga t ion  comprises 
the -on ly  known vapor-dominated system o f  the Rio G 
thermal regime. The purpose o f  t h i s  p ro jec t  i s  t o  
waters, gases, and a l tered rocks o f  the Sulphur Sp 
t o  perform deta i led  mapping o f  a l t e r a t i o n  and . f rac tu re  zon&s 
w i t h i n  and near the system, and t o  study the compositions o f  
a l t e r a t i o n  phase assemblages and f l u i d s  t h a t  are present. 
The aim i s  t o  model t he  present Sulphur Springs system and. 

. t o  understand i t s  evolut ion through time. 

4. Basa l t i c  Volcanism a t  the In te rsec t ion  o f  the 'Jemez and Zuni 
Lineaments, New Mexico (0. T. Vaniman) 

p ro jec t  i s  a t  the in te rsec t ion  o f  the R ~ o  Grande rift and the 
Jemez lineament. This s i t e  l i e s  a t  the conjunction o f  f ou r  
major physiographic provinces. Over the l a s t  27 m i l l i o n  years, 
a t r a n s i t i o n  has occur.red a t  t h i s  i n td rsec t i on  from older 
a l ka l i ne  o r  t h o l e i i t i c  volcanism along the Zuni lineament t o  
younger volcanism o f  a broader compositional range along the 
Jemez lineament. A de ta i l ed  study o f  the most p r i m i t i v e  basalts 
representing t h i s  timespan and t h i s  region helps to '  explain. 
the deep-seated re la t i onsh ip  between b a s a l t i c  volcanism, sub- ~ 

continental 1 ineaments w i th  crusta l  expression, and the mantle 
roots o f  such features. 

5. Active Hydrothermal Systems (F. Goff, J. Gardner, and 
R. Vidale) 

' 

' 

'A  favorable s i t e  f o r  l oca t i ng  a cont inental  d r i l l i n g  

Detai led geochemical and geologic charac ter is t i cs  o f  
three geothermal systems o f  the northern Rio Grande rift a t  
Val les Caldera,;Ojo Caliente, and the Lucero volcanic f i e l d  
are being investigated. 'These systems possess many thermal/ 
mineral waters which d isp lay  widely divergent discharge 
temperatures, concentrations o f  dissolved so l  ids, and geologic 
set t ings . 

Valles Caldera contains many hot springs o f  'varying 
types and i s  cu r ren t l y  beihg explored f o r  high temperature 
conventional and hot d ry  rock geothermal resources. The hot 
springs a t  Ojo Caliente i s  o f  moderate temperature and con- 
cent ra t ion  (about 2,000 mg/l o f  t o t a l  dissolved so l ids)  
and may o f f e r  po ten t i a l  f o r  space heating and a g r i c u l t u r a l  
use, I t s  existence i s  not understood.' 

' 

~ 

I New research was i n i t i a t e d  a t  030 Cal iente and the Lucero 
u p l i f t .  The goals are t o  c o l l e c t  thermal and non-thermal ~ 

baters f o r  chemical and isotopic  analyses; map geologic and 
tec ton ic  features c ruc ia l  t o  hydrology; in tegra te  and model h;t 

\ 
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r e s u l t i n g  geologic, geochemical and, where appropriate, e x i s t -  
i ng geophys i Gal 
o f  each system. 

and evaluate t h  thermal potent i  a1 bd 

6. 

North-central New Mexico contains a t  l eas t  two tec ton ic  
ures considered t o  be top po ten t i a l  d r i l l i n g  targets f o r  

the CSDP--the Rio Grande t and the Jemez Mountain volcanic 
f i e l d .  This research ext  s the present knowledge of regional  

. c rus ta l  structure, tectonics, and thermal regimes by means o f  
several - reversed seismic r e f r a c t i o n  p ro f i l es ,  i n  order t o  
b e t t e r  def ine the locat ion o f  d r i l l i n g  s i t e s  t o  secure the 
largest -  amount o f  information possible. Ex i s t i ng  geophysical 

esence o f  mid-crustal magma bodies o r  par- 
he ob jec t ive  o f  these p ro f i l es  i s  t o  study 

the d e t a i l s  a improved data oh the crust-mantle i n t e r -  
face. Energy sourc r e  op t ima l ly  s i t e d  chemical explosions 
detonated i n  boreho and a .Department o f  Defense surface 
explosion a t  White s Miss i l e  Range,. As p a r t  o f  a LOS 

s/regional universi  ty/USGS consortium, LANL deploys por t -  
telemetering seismograph u n i t s  ( inc lud ing t r i a x i a l  i ns t ru -  
) that complement e x i s t i n g  permanent seismic s tat ions 

along the p ro f i l es .  The r e s u l t i n g  seismic record sections are 
in te rpre ted  and modeled i n  terms o f  compressional and shear 
wave v e l o c i t y  s t ruc tu re  and attenuation, and the var ia t ions  o f  

hyd ro l y t i c  weakening. Therefore, LANL studies the creep + B., 
25 
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deformation o f  basalt, granite, and t u f f  a t  simulated i n  s i t u  
condit ions o f  temperature, pressure, pore pressure, and d i f f e r -  
e n t i a l  stress. The emphasis i s  on evaluating the  e f fec ts  o f  
water on creep o f  in tact ,  versus fractured, samples. Results 
o f  the experiments are formulated i n t o  creep equations t o  
ass is t  refinement o f  models 

icromechanics o f  Tensi le F t u re  of Rocks (T. N. Dey) 

The micromechanics o f  t e n s i l e  f r a c t u r  i s  being studied. 
The in te rac t ion  o f  microcracks nkar the t i p  o f  a much la rger  
tens i l e  f rac tu re  i s  t heo re t i ca l l y  analyzed t o  determine the 
e f fec ts  o f  stress heterogeneity on crack growth. Experimental 
research i s  also being performed on the va r ia t i on .  o f  f rac tu re  
surface energies as a funct ion o f  conf in ing pressure t o  gain 
fu r the r  ins igh t  i n t o  the processes occurr ing near a crack t ip .  
Tensi le f rac tu r ing  o f  rock i s  important t o  nmerous energy 
technologies. Hydraul ic f rac tu r i ng  i s  necessar 
recovery i s  possible i n  ho t  dry rock geothermal 

Predic t ing the behavior o f  f ractures i s  based on , labor+ 

condit ions of temperature, loading rate, and f i n i n g  pressure, 
a l l  o f  which may be much d i f f e r e n t  from those the  f ie ld .  A 
be t te r  understanding o f  the  nature o f  a tens i  
rock, w i th  special regard t o  processes occurring near the  crack 
t ip, aids i n  ext rapolat ing laboratory data t o  f i e l d  conditions. 

The theore t ica l  work focuses on assessing the importancc 
o f  stress inhomogeneities and the in te rac t ion  among microcracks 
near the t i p  o f  a much la rger  crack. The experimental resu l t s  
t e s t  the predict ions of the theoret ica l  work. The experimental 
data also provide a means f o r  t es t i ng  the  range o f  a p p l i c a b i l i t y  
o f  ex i s t i ng  data on c r i t i c a l  stress i n t e n s i t y  factors  and sur- 
f ace energies o f  rocks. 

measurements o f  r e l a t i v e l y  small samples subjected t o  

4. 

b 

The e l a s t i c  propert ies o f  rocks are measured when the 
pore f l u i d  pressure i s  greater than the conf in ing pressure. 
This condi t ion i s  a departure i n  laboratory rock physics. 
Although unusual i n  nature, such an event f requent ly  occurs 
when d r i l l  holes are overpressured f o r  hydrofracture o r  during 
energy ext ract ion from a manmade geothermal reservoir .  

W i s  per t inent  t o  geothermal and waste i s o l a t i o n  technology, i s  
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being determined. Radiat ive thermal conduct iv i t y  i s  calculated 
as a function o f  temperature from measured op t i ca l  adsorption 
spectra taken a t  
atmosphere. 

LJ 
eratures up t o  1500oC i n  a cont ro l led  

C. Coal Research: Occurrence, Form, and D i s t r i b u t i o n  o f  Su l fu r  i n  - Peat (R. Raymond) 

. Su l fu r  i s  one o f  the most environmentally troublesome elements 
i n  coal. 
effects i n  processes such as coal l iquefact ion.  LANL invest igates 

I n  contrast, some i r o n  su l f ides have benef ic ia l  c a t a l y t i c  

nfluence abundances and forms o f  s u l f u r  i n  peats from 
iagenic environments, w i t h  the purpose o f  ~ a id ing 
o f  su l fur  forms I n  coal. The .amount o f  s u l f u r  i 

suf f i c ien t  t o  account fo r  t o t a l  s u l f u r  abundance's 

h i s  study o f  s u l f u r  i n  peats i s  a three-phase program: 
s u l f u r  occurrence and d i s t r i b u t i o n  by electron probe 

many coals,' but  d e t a i l s  o f  occurrence and d i s t r i b u t i o n  are poor ly 

microanalysis; establ ishing the  signif icance o f  p a r t i c u l a r  coal 
ues german6 So s u l f u r  abundances; determlning 
tween occurrences o f  sul fur  and 

s (S. Goff and G. Heiken) 

Cores, cutt lngs, and othe produced during the CSDP 
I n  order t o  are o f  i n t e r e s t  t o  sc ien t i s t s  i n  many d isc ip l ines.  

c i rcu la te,  y e t  protect, these samples, cura tors  are needed. (A 
t o r i a l  p o l i c y  must be establ ished t h a t  defines the  
spons ib i l i t i es ,  standard procedures for  describing and 

handling samples, and the requirements o f  borrowers, Curators w i l l  
be responsible f o r  maintaining data f i l e s  on samples, i n  coopera- 

t a  center and the NOAA National Geophysical 

establ ished a t  ex i s t i ng  f a c i l i t i e s  

, '  urators from continental 
ercent of the t o t a l  program., 

o f  hand1 i n g  samples 

C 
"U 
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Contractor: LOS ALAMOS NATIONAL LABORATORY 
Univers i ty  o f  Ca l i f o rn ia  L .  

Los Alamos, New Mexico 87545 

W - 7405 -ENG- 36 Contract: 

T i t l e :  11. Geochemistry ' 

Person i n  Charge: R, Vidale 

Scope o f  Work 

The geochemistry program includes rock-water i n te rac t i on  i n  geo- 

rac t ion, geo c h em i c a 1 ca'l cu 1 a t  i on s , and 
thermal systems, 'thermochemi c a l  measurements t h a t  are needed t o  permit 
the modeling o f  rock-water 
a v a r i e t y  o f  studiqs o f  e l  migrat ion and f i x a t i o  

These investigati-ons have appl icat ion t o  the e f f  

crus t a l  rocks. 

* extractio,n i n  geothermal systems, chemical transport,  exp lorat ion f o r  
concentrations o f  spec i f i c  elements w i th in  the ear th 's  Icrust, and t h  
modeling o f  chemical and energy transpo 

A. Rock-Water In te rac t i on  i n  Geothermal Systems (R. Vidale and . 
R. Charles) 

Rock and aqueous f l u i d s  are reacted experimentally i n  dynamic 
( c i r cu la t i ng )  systems a t  elevated temperatures and pressures i n  
order t o  determine the react ions o f  importance for ,  i n  par t i cu la r ,  
hot  d ry  rock geothermal reservoirs.  Rock and f l u i d  compositions 
are monitored f o r  the durat ion o f  an experiment (on the order o f  
two t o  e igh t  months) as the rock and f l u i d  change from an i n i t i a l  
s ta te  o f  complete d isequ i l ib r ium t o  one o f  mosaic equi l ibr ium. 
Ident i f ied  experimental l y  grown secondary phases may then be 
re la ted  t o  the primary phases and so lu t i on  i n  a chemographic 
network which predic ts  the important d i va r ian t  mineral assemblages 
and univar iant  react ions not  d i r e c t l y  observed i n  the experiment. 
The system i s  modeled as a v a r i e t y  o f  i n f i l t r a t i o n  metasomatism. 

ca t ing  tha t  the Na-K-Ca geothermometer i s  accurate i n  p red ic t i ng  
rock reservo i r  maximum temperatures i n  the range 200°C t o  31OoC, 
once mosaic equi l ibr ium has been established. The a c t i v i t i e s  
Na, K, and Ca ( i n  so lu t ion)  are f i x e d  by complex react ions be 
feldspar (+ quartz)  and f l u i d  which y ie lds  secondary mineral izat ion.  \ 

Prel iminryexper iments i n  simple fe ldspar p lus f l u i d  systems have 
been i n i t i a t e d  t o  i so la te  the  c r i t i c a l  react ions g i v ing  t h i s  
empiral geothermometer i t s  v a l i d i t y .  

Chemical geothermometry has been tested i n  t e systems ind i -  

B. Thermochemical Measurements (C. Hol l ey )  

Good thermochemical data are needed 
in te rac t ion  i n  geochemical systems. A molten oxide ca1,orimeter 

\ , 



, 

for measuring heats olution has been structed and is being 
calibrated. The lab ory is uniquely.equipped to determine 
heats of solution for materials (such as the alkali oxides) that 
are corrosive, hygroscopic, or otherwi cult to handle. 

W 

C. Geochemical Calculations (C. Herrick) 

Two computer codes are be sed at Los Alamos to simulate 
geochemical reaction in geothermal systems. The first models an 
irreversible dissolution, followed by a series o f  partial equilib- 
rium calculations, along the reaction coordinate. As the rock- 
fluid interaction attains equilibrium, it settles into a steady 

and assigned the 
ctions taking pla 

D. 

1 

I 
I 

and fixation is observed by scan i 

U 
29 



Contractor: LO$ ALAMOS NATIONAL LABORATORY 

Contract: W - 7405-ENG-36 

T i t l e :  

ge: W. D. Evans 

, '  
The so lar  wind and magnetospheric plasmas are the media throu'gh 

which solar-generated disturbances propagate and i n  which steady-state 
so lar  wind convection energy i s  stored and subsequently released t o  the 
auroral. ionospheres, thereby coup1 i n g  the near-earth environment t o  sol ar 
variat ions. The scope o f  t h i s  p ro jec t  i s  t o  analyze and i n t e r p r e t  ex i s t -  . 
i n g  s a t e l l i t e  data t o  y i e l d  information and an understanding o f  physical. 
mechanisms ~ and long-term e f fec ts  b f  sun-earth coupling through the solar 
wind, processes tha t  determine heavy ion  abundances and charge states i n  
the solar wind, sources o f  f r e e  energy i n  p a r t i c l e  v e l o c i t y  d i s t r i b u t i o n  
i n  the earth 's magnetical ly confined upper atmosphere, and evo lu t ion  and 
saturat ion o f  m i c r o i n s t a b i l i t i e s  dr iven by nonequil ibr ium plasma config- 
urat ions found near the earth. 'The re la t i onsh ip  o f  t h i s  research t o  the  
Department o f  Energy's missions include applications t o  plasma physics 
and magnetohydrodynamics (MHD) problems relevant t o  fus ion  energy tech- 
nology, understanding long-term solar  wind and earth c l imate v a r i a b i l i t y ,  
and future space-based energy technologies. 

. A. 

B. 

Energy Conversion and Transport i n  Space Plasma (S. P. Gary, 
J:T. Gosling, and W. C. Feldman) 

The goals o f  t h i s  research are t o  describe the s t ruc tu re  and 
f l ow  o f  plasma energy i n  the so lar  wind, bow shock, magnetosheath 
and magnetopause. Spec i f i c  aims include determining long-term 
var ia t ions i n  so lar  wind s t ruc tu re  near the earth, understanding 
basic so lar  wind accelerat ion mechanisms and t h e i r  re la t i onsh ip  t o  
condit ions i n  the so lar  atmosphere, determining the  e lec t ron  and 
i o n  d i s t r i b u t i o n  functions o f  the so lar  wind i n  order t o  understand 
thermal energy t ransport  and heating processes and evo lu t ion  o f  
large scale disturbances i n  in te rp lanetary  space, understanding pro- 
cesses which determine so la r  wind heavy element abundances and i o n i -  
zat ion s ta te  densities, and understanding so lar  wind-magnetosphere 
coupling through fundamental studies o f  plasma transport  i n  and 
near the earth 's bow shock, magnetosheath, and magnetopause. 

A Study of the Electrodynamical Aspects o f  the Solar Wind- 
Magnetosphere In te rac t i on  (E. W.,Hones, Jr.) 

This research aims t o  construct models o f  the dynamic processes 
associated w i t h  the solar wind-magnetosphere in teract ion.  The 
spec i f i c  objectives include determining the mechanisms o f  en t ry  o f  
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magnetosheath plasma' th  
i n t o  the magnetosphere, understanding the coup1 ing  o f  momentum and 
mass from boundary layer  plasmas t o  the  po la r  ionosphere and the  
r o l e  t h i s  coupling plays i n  accelerat ing ionospheric plasma i n t o  
the outer magnetosphere, determining the mechanisms of loss o f  
magnetospheric plasma t o  the magnetosheath, determining the mode 
o f  t ransport  o f  plasma from the boundary layers i n t o  the t a i l  t o  
form the plasma sheet, estab l ish ing the r o l e  o f  magnetic reconnec- 
t i o n  i n  the plasma sheet i n  the substorm phenomenon, understanding 
the generation and evolut ion o f  81plasmoids11 ev ident ly  formed i n  
he plasma sheet i n  the ea r l y  phase o f  the substorms, i d e n t i f y i n g  
he occurrence Of the tearing-mode i n s t a b i l i t y  i n  t h e  plasma sheet, 

and i d e n t i f y i n g  and understandjng the presumed accelerat ion of some 

f i e l d s  du r i  

the  magnetopause and boundary layers 
bd 

~ plasma sheet pa r t i c l es  $ t o  very high energies by induc t iv  

J 



I 

I 

I 

i 
I Contractor: OAK RIDGE NATIONAL LABORATORY ~ 
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I 

iJ  ,Union Carbide Corporation 
Oak Ridge, Tennessee 37830 

Contract: W- 7405-ENG- 26 

T i t l e :  Geochemical R 

Pe e: R. E. Mesmer 

Scope o f  Work 

I 

I 
I 

The geosciences program a t  the Oak Ridge .Nat a1 Laboratory (ORNL) 
addresses two 'broad areas o f  experimenta geoc hem i s t ry : phys i ca 1 c hem i s- 
t ry  o f  geothermal solut ions and mater ia l  and in teract ions of aqueous 
media w i th  consti tuents o f  natura l  formations. Mineral e q u i l i b r i a  and 
rock-water in teract ions are being studied, upwards t o  5OO0C and 100 MPa, 
providing data f o r  both equi l ibr ium and k i n e t i c  geochemical models o f  
chemical migrat ion and the responses o f  rocks t o  c i r c u l a t i n g  natura l  
waters. High temperature-high pressure studies o f  s i 1  i ca te  melts pro- 
vide models f o r  a be t te r  understanding o f  igneous processes, such as 
the generation o f  magma a t  depth, migrat ion t o  the  upper regions o f  the  
crust, c rys ta l1  izat ion,  and release o f  energy. 

A. Physical Chemistry o f  Geothermal Solut ions and Mater ia ls  1 
1. 

i 

, 

High Temperature, High Pressure Si1 i ca te  Geochemistry i 

i 
(M. T. Naney) I 

t The aim o f  these studies i s  t o  fu r the r  understand the 
physicochemical processes t h a t  operate dur ing magma generation, 
migration, and consol idat ion.  High temperature experiments a t  

are conducted t o  obta in  pha?e equ i l i b r i a ,  c rys ta l  growth, and 
chemical p a r t i t i o n i n g  data f o r  P-T-X condit ions s imulat ing 
those over which magmatic processes operate i n  the  c rus t  o f  the 
earth. This informat ion w i l l  be used t o  model the physicochemi- 
ca l  response o f  s i l i c a t e  rocks and magmas t o  pressure, tempera- 
ture, o r  composition changes. The resu l t s  o f  these studies are 
re levant  t o  loca t ing  and ex t rac t ing  mineral resources, develop- 
i ng  c rys ta l  l i n e  ceramic matr ix  mater ia ls f o r  i n d u s t r i a l  use 
( inc lud ing nuclear waste iso la t ion) ,  ex t rac t ing  energy from 
magmas, and improving the understanding o f  volcanic processes 
and hazards. 

natura l  igneous rock systems are conducted t o  invest igate 
c rys ta l  nucleat ion and growth k inet ics .  01 i v i n e  c rys ta l  1 i t a -  
t i o n  k ine t i cs  i n  analogue basa l t i c  systems are cu r ren t l y  
studied as a funct ion o f  temperature and bulk composition a t  
one atmosphere pressure. The quant i ta t i ve  nucleat ion and 
growth parameters obtained fo r .  01 i v i n e  i n  t h i s  inves t iga t ion  

pressures ranging from. 100 kPa (1 bar)  t o .  1 GPa (10,000'bars) i 

~ 

Control l ed  cool i n g  experiments w i th  chemical models o f  
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I pretat ion o f  the cooling h is tor ies  of 
Experiments have been star ted i n  col-  

anson (Universi ty o f  
e t i c s  o f ~ $ r h y o l i t i c  a 

h temperature behavi 

ska) t o  invest i -  
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! 
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I pressure when a 1 GPa .(lo kbar) 

eated pressure vessel i s  i n s t a l  led  
t h i s  year. This system be eguippedawith a Shaw membrane 
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o f  systems i n  which equi l ibr ium between the f l u i d s  and so l i ds  
has been attained, o r  determining the nonequil ibr ium k i n e t i c  
pathways o f  reactions i n  systems i n i t i a l l y  f a r  from equil ibr ium. 
Much 'of the earth 's c rus t  has approached equ i l ib r ium through 
long geological times, and equi l ibr ium data are d i r e c t l y  appl i -  
cable i n  many cases. Equi b r i m  may not have been reached 
where rap id  processes occu such as a t  s i t e s  near i n t rud ing  
igneous bodies, i n  places disturbed by man (geothermal f i e lds ,  
so lu t ion mining, underground storag 
temperatures and -pressures prev 

t i ons  i s  being studied over a wide range o f  s a l t  concentrations 
a t  temperatures up t o  300% a t  the vapor pressures 
t ions. ,Quartz-solution reactions are p a r t i c u l a r l y  
t o  hydrothermal geochemistry because quartz i s  a member o f  many 
mineral assemblages and it occurs i n  diverse geologic environ- 
ments. The inves t iga t ion  o f  quartz s o l u b i l i t y  i s  the f i r s t  of 
a ser ies o f  studies on pure sulfide, carbon 
and su l fa te  minerals. 

t o  3OO0C are being studied, using multicomponent rocks (10 
major components and 20 t o  30 minor consti tuents) and simpl i -  
f i e d  analogues o f  important natural  so lu t i on  types. These 
experiments usua l ly  achieve eady s ta te  configurations which 
may be f a r  from equi l ibr ium he data apply d i r e c t l y  t o  the 

' low temperature (up t o  35OoC) regimes o f  the upper crust, which 
i s  t h a t  p a r t  o f  the earth most accessible f o r  observations and 
p rac t i ca l  uses. Out o f  the empir ical nonequil ibr ium rock- 
so lu t i on  studies come s c i e n t i f i c  and p r a c t i c a l  questions s u i t -  

systems. The focus o f  t h i s  program i s  on rocks composed o f  
minerals o f  high surface areas, such as sedimentary shales and 
volcanic tu f f s ,  which are also useful - types f o r  underground 
storage o r  f o r  so lu t i on  mining. 

2. Homogeneous E q u i l i b r i a  (W. L. Marshall, 
3. D. Frantz, Geophysical Laboratory, Carnegie I h s t i t u t i o n  
of Washington, D. C.) 

Reactions within a s ing le  phase, p a r t i  
phase, are studied i n  t h i s  program t o  elucidate c rus ta l  proces- 
ses. Quan t i t a t i ve  knowledge o f - t h e  species i n  high temperature 
aqueous so lut ion phases i s  important f o r  de r i v ing  a c t i v i t y  co- 
e f f i c i e n t s  and thus describing .such propert ies as s o l u b i l i t i e s ,  
d i f f us ion  rates, and reactions i n  hydrothermal and metamorphic 
environments. I n  one approach t o  obtain the d i s t r i b u t i o n  o f  
species i n  high temperature aqueous solut ions, t he  e l e c t r i c a l  
conductances o f  s a l t  s o l u t  ons are measured as a function of 
temperature, pressure, and concentrationeof sa l t .  From theo- 

i t e s ) ,  or  where  low 

* Presently, the s o l u b i l i t y  aqueous s a l t  solu- 

The reactions o f  natural  rocks w i th  aqueous solut ions up 

., able f o r  addit ional, more control  led  experiments on simp1 i f  ied 

,- r e t i c a l  in terpretat ions o f  the resul ts,  the varying extents . , I  
W I  
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o f  i on  associat ion may be calculated and the equi l ibr ium u speciat ion may be deduced. 

E a r l i e r  work from 0 
published on the behavior o f  simp1 
water solutions, f o r  example, NaCl 
Present studies emphasize 2: l  e l e  
MgC12) t h a t  are extremely importa 
high temperature natural  waters but which requ i re  more complex 
theore t ica l  considerations than the simple 1:l elect ro ly tes.  

This information on aqueous chemistry i s  u l t ima te l y  
needed t o  describe heterogeneous systems invo lv ing  gaseous and 
s o l i d  phases. 'With an adequate thermodynamic and k i n e t i c  dat 
base i t  i s  possible, by numerical methods, t o  simulate hydro- 
thermal processes tha t  are centra l  t o  blems of ore deposi- 
t ion, geothermal exploi tat ion,  so l  u t i  o ining, enhanc 
methods o f  petroleum recovery, and, und round storage 
computational techniques are being developed i n  t h i s  program 
concurrent w i th  the experimental studies. 

, 
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T i t l e :  Magma Energy Research 

Person i n  Charge: 
I 

H. C. Hard 
I 

The Magma Energy Research assesses the  s c i e n t i f i c  feas i -  
b i  1 i t y  o f  d i r e c t l y  ex t rac t ing  energy from bur ied magma sources and 
i s  d iv ided i n t o  f i v e  major research tasks: magma source loca t ion  and - 

de f in i t ion ,  magma source tapping, magma characterization, magma-material 

chambers also provides information on heat sources f o r  geothermal systems 
and may provide ins igh t  i n t o  the 1ocation.of mineral resources. 

A. 

compat ib i l i ty ,  and energy extract ion.  Def in ing and character iz ing magma i 

, 

Magma Source Location and De f in i t i on  (J. L. Colp and R, 

The a b i l i t y  t o  locate and i d e n t i f y  a source o f  molten rock i n  
the ear th 's  c rus t  i s  c r i t i c a l  t o  t h i s  project .  It i s  imperative 
tha t  the existence o f  a magma. source, inc lud ing i t s  depth, areal 
extent, and general form (whether i n  a f i n i t e  pool o r  i n  a honey- 
comb o f  crevices f i l l e d  w i th  molten mater ia l )  ,be known w i th  the  
greatest  ce r ta in t y  before proceeding w i t h  d r i l l i n g  plans. Most 
of the recent work on t h i s  task has been performed a t  the Lava 
Lake Laboratory a t  Ki lauea volcano, i n  Hawaii. 

Previous geophysical measurements a t  the  Lava Lake Laboratory 
suggested, but could not confirm, the presence o f  a low viscosi ty,  
molten rock lens. Recent d r i l l i n g  and thermal studies i n  the  lava 
lake show t h a t  the lake i s  i n  a l a t e  stage o f  s o l i d i f i c a t i o n ,  w i th  
no low v i scos i t y  lens, but ra ther  a p las t i c ,  multiphase region o f  
c rys ta ls  (mainly o l i v i n e )  i n  melt  w i th  i n te rm i t ten t  t h i n  (1-14 cm?) 
veins o f  very f l u i d  molten rock. Models t o  p red ic t  the thermal 
behavior o f  the  lava, lake geothermal system and t o  estimate the 
s o l i d i f i c a t i o n  s ta te  o f  the multiphase lens are being developed. 

Addi t ional  geophysical experiments a t  Ki lauea I k i  lava lake 
have begun. Several cased boreholes d r i l l e d  i n t o  the  lake w i l l  
provide information about the current  s ta te  o f  the  molten body i n  
the lake. A seismic experiment i n  which the  source i s  located 
downhole and the geophones are located on the  surface w i l l  provide 
informat ion about the v e r t i c a l  ve loc i t y  s t ruc tu re  o f  the lake. 

The analysis and in te rp re ta t i on  o f  chemical data on the 
c r y s t a l l i n e  phase i s  i n  progress. Researcb includes continued 
petrographic analysis o f  cores from f r e s h l y  d r i l l e d  holes i n  the 
lava lake i n  order t o  more c l e a r l y  define the s ta te  o f  the magma 
reservo i r  . 

I 

\ 

1 
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B. Magma Source Tapping (J. L. Colp) . 

As d r i l l i n g  approaches the magma sour , i t  is, obvious t h a t  t h e ’  
temperatures of the rocks above the magma sou are going t o  . 

increase, causing the rocks *to approach a p l  c state. L i t t l e  
is known, however, about the ph 
.elevated geostatic pressures an 
question must  be answered: Will a hole t h r o u g h  such a hot  plpstic 

W 

cal properties of rocks a t  these 
emperatures; t h u s ,  a basic 

ia l  stay open and are methods available that would keep the 
Open so that the heat exchanger equipment can be inserted 
gh i t  and into-the magma source? To answer that quest 

Sandia Nqtional Laboratories has been involved i n  a researc 
gram w i t h  the Center for Tectonophysics a t  Texas A&M University t o  
investigate the physical properties of rocks under dyn’arnic s t ress  
conditions at  pressures 
approximately lOOOOC. 

t o  5 .  kilobars and a t  temperatures o f  

i Recent Lava take La atory d r i  11 ing expe ments have demon- 
abi l i ty  t o  dri l l  and core t h r o u g h  0 meters of molten 

emperatures greater than 1070oC, keep the holes open x. 

for several days, and insert experimental apparatus repeatedly. 
A Sandi a-developed water jet-augmented core b i t  provided 100 

i 

C. 

h igh ly  corrosive 

nger equipment is inserted 

rmation must be known about this en- 
vironment, that. is, the i n  situ properties and i ts  effects on 

n studied w i t h  the electron 

lava lake exhibits a 



D. 

pressure, simul ated-magma environments. Pre l  iminary resu l t s  
suggest t ha t  ' i ron, cobalt, and molybdenum--each containing 
chromium--will show l i t t l e  degradation. The chromi 
both f e r r i t i c '  and aus ten i t i c  s ta in less s tee ls  i s  t h  
fac to r  i n  providing corrosion resistance. Type 310 i s  by f a r  the  

rosion-resistant a1 l o y  o f  any commercial s t a i n  

Compat ib i l i ty  studies w i l l  continue 'and the magma simulat ion 
f a c i l i t y  w i l l  be used f o r  f u r t h e r  studies a t  magmatic conditions. 

Energy Ext ract ion (H. C. Hardee and 3. C. Dunn) E. 

The energy ext ract ion task aims t o  understand energy t rans fer  
processes i n  molten magma and margin zones o f  magma systems and t o  
f i n d  ways o f .ex t rac t ing  energy from the magma o r  i t s  margins. Con- 
vect ive heat t rans fer  processes i n  molten magma have been studied 
by theore t ica l  calculat ions, by laboratory experiments i n  furnace- 
melted samples o f  molten lava  o r  magma, and by f i e l d  experiments 
i n  lava lakes and lava f lows resu l t i ng  from volcanic erupti6nS. 
The theore t ica l  ca lcu lat ions are concerned w i t h  p red ic t ing  convec- 
t i v e  ra tes and energy t rans fer  ra tes from molten magma t o  bodies 
(calorimeters, heat exchangers) submerged i n  the magma. Laboratory 
measurements, which complement the theore t ica l  calculat ions, are 
made by i nse r t i ng  calorimeters i n t o  furnace-melted samples o f  magma 
o r  lava. Ear ly  ca lcu lat ions and experiments concentrated on supec- 
l iqu idus  temperature magmas, but recent work has concentrated on 
non-Newtonian convection i n  the  sub1 iquidus temperature range. 
Both theoret ica l  ca lcu lat ions and laboratory measurements have 
shown a t t r a c t i v e  convective heat t rans fer  ra tes i n  the subl iqu 
range (5  t o  50 kW/m*) . Future laboratory convection measurements 
are planned i n  a high temperature, h igh pressure furnace correspond- 
i ng  t o  expected condit ions f o r  magma a t  5 km depth ' in t he  crust. 
F i e l d  measurements o f  convection were made dur ing the  1977 Kilauea 
eruption, and re la ted  thermal measurements were taken dur ing the  
1980 Mt .  S t .  Helens eruption. 

Heat t ransfer processes have also been studied i n  the ,permeable 
margin zones above magma bodies. This type o f  process involves the 
permeable convection o f  water and steam through f ractures i n  the  
hot margin zones surrounding a magma body. This research has also 
comprised theore t ica l  ca lcu lat ions and laboratory and f i e l d  measure- 
ments. Theoretical ca lcu lat ions are performed f o r  s ingle- and - 
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. 
two-phase permeabl nvection i n  porous ractured bottom- 
heated media. Laboratory tes ts  are run i n  permeable beds t o  
confirm the theoret ica l  calculat ions. F i e l d  t e s t  data have been 
obtained from a number o f  sources including f i e l d  experiments i n  
Kilauea I k i  Lava Lake, Hawaii, and Heimaey Lava Lake, Iceland. 
These data have aided i n  understanding the cool ing and so l id i f ica- .  
t i o n  rates o f  these molten bodies as wel l  as i n  p red ic t i ng  the 
performance o f  calorimeters and heat ex t rac t ion  devices i n  these 
permeable margin zones. A heat ex t rac t ion  t e s t  was run i n  the  
permeable margin zone o f  Kilauea I k i  i n  1979. 

have demonstrated the operation o f  two types o f  heat exchangers. 
exchanger was placed 
he molten zone, a heat 
anger area was measured. 

k.i 

Recent Lava Lake Laboratory energy ex t rac t i on  experime 
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Thermal Regimes 
T i t l e :  

Person i n  Charge: 

Scope o f  Work 

S c i e n t i f i c  D r i l l i n g  Program (CSDP) i s  t o  develop a fundamental under- 
standing o f  hydrothermal-magma systems by u t i l i z i n g  d r i l l i n g  t o  obtain 
samples and re la ted  data'and t o  conduct- downhole, experiments. The 
ra t iona le  and sc ien t i f4c  basis f o r  t h i s  endeavor are presented i n  the 
1979 National Academy o f  Sciences/National Research Counci 1 (NAS/NRC 1 
Workshop Report on CSDP. The goals are t o  understand the heat  and mass 
t rans fer  w i th in  and between magma and hydrothermal systems and the 
evolut ion o f  hydrothermal-magma systems i n  space and time. A t ta in ing  
these goals depends on the a b i l i t y  t o  characterize and in te rp re t  
hydrothermal-magma systems a t  depth i n  terms o f  physical, thermal, 
mechanical, chemical, and mineralogical propert ies. 

The object ive o f  t he  thermal 

Sandia National Laboratories contr ibutes t o  the  CSDP i n  three 
areas--program coordination, j o i  n t  pa r t i c i pa t i on  i n  comparative s i t e  
assessments, and geoscience research on hydrothermal and magma systems. 

A. CSDP Program Coordination (H. C. Hardee and W. C. Luth) 

Sandia National Laboratories provides coordination f o r  the  
CSDP's thermal regimes research a c t i v i t i e s  invo lv ing  the  fo l low ing  
program elements: 

o Program development, u t i l i z i n g  input  from'the Department o f  
Energy, the U.S. Geological Survey, and the academic community. 

0 

0 

Service funct ions provided by Lawrence Livermore National 
Laboratory (data base on act ive d r i l l i n g ) ,  Los Alamos National 
Laboratory (assessment o f  core and sample repos i to ry  needs), 
Lawrence Berkeley Laboratory (geothermal f l u i d s  data base), 
and Sandia National Laboratories ( d r i l l i n g ,  logging, and 
i nstrumentation technology). 

S i te-speci f ic  research based on research proposals submitted 
t o  and reviewed by DOE'S Of f i ce  o f  Basic Energy Sciences and 
dealing w i th  f ield-based geological, geophysical, and geo- 
chemical studies a t  po ten t ia l  s i t e s  o f  i n te res t  t o  the thermal 
regimes work o f  CSDP. 

,- 
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o Generic research broadly supportive of the scientific objec- 
tives of CSDP but which is not site-specific and i s  oriented 
toward generic processes important to understanding thermal 
regimes in the earth's continental crust.. Research is based 
on research proposals submitted to and reviewed by OBES. 

require considerable logistic and 

W 

o ~'Drilli g activities, whi 
I contra E tual support to achieve the scientific objectives of 

of these five f u  ions involves research 
activities supported by OSES and conducted at academic institutions, 

t laboratorie 

derstanding energy.and mass 
a1 and ,magma systems and 
ental, analytical, and 
hese approaches is the 

forming sys tems . 
(W.  C. Luth and T, M. Gerlach) 

to the magma, the magma zone proper, and the transition zone 
to the lower crust. Liquid (quenched as glass) compositions 
change from ol ivine normative basaltic through andesitic and 
dacitic to rhyolitic from the magma zone to the upper crust 
in the transition zone, defining a continuous liquid line of 
descent . 

Geochemical studies on this unique set of samples of a 
quenched, in situ, magma system provide the basis for applica- 
tion to the evolution of the much more abundant exhumed mag- 
matic rocks which have undergone long and convoluted cooling 
and solidification histories. 

41 
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2. Magmatic Vo la t i les  i n  Explosive Eruptions (J. C. Eichelberger 
and H. R. Westrich) b.1 

Thermogravimetric and mass spectrometric methods have 
been used t o  'analyze s i l i c i c  tephra, and obsidian (clasts, 
flows, and domes) t o  obta in  informat ion on the  v o l a t i l e  con- 
ten t  and degassing o f  shallow s i l i c i c  magmas. The analysis 
o f  obsidian c las ts  i n  tephra deposits provides a new approach 
t o  the problem o f  v o l a t i l e s  i n  magmas. These clasts,  which 
appear t o  represent samples o f  r e l a t i v e l y  deep and i n i t i a l l y  
vapor-undersaturated magma, were quenched dur ing e jec t  i on  
wi thout loss o r  gain of v o l a t i l e s  Vo la t ' l e  ontents ind icated 
f o r  small t o  moderate volume (10-3 t o  10-5 km5) P l i n i a n  erup- 
t ions  are 0.5 t o  1.0 wt,%, w i th  water as the dominant v o l a t i l e  
component. Bubble growth occurs w i t h i n  300 meters o f  the 
surface, i n  pa r t  p r i o r  t o  eruption; eruptions terminate when 
vesiculated magma i s  exhausted. 
erupt ive sequences ind i ca te  strong s t r a t i f i c a t i o n  o f  the 
parent magma body, w i th  magma containing 0.5 t o  1.0 wt.% 
v o l a t i l e s  (erupted a t  tephra) over ly ing magma containing 0.1 
t o  0.2 wt.% v o l a t i l e s  (erupted as f lows o r  domes). 

3. Energy Transport (H. C. Hardee) 

This study aims t o  be t te r  understand energy t ranspor t  
processes i n  magma and hydrothermal systems. Research i s  being 
conducted on enhanced convective heat t rans fer  i n  permeable 
media near the c r i t i c a l  point .  This work has, included both 
laboratory tes ts  and theore t ica l  studies. Enhanced convect ion  . 
near the c r i t i c a l  po in t  has impl icat ions f o r  geothermal energy, 
ore deposition, and magma emplacement i n  the  crust .  

Convection i n  permeable 'rocks above large. shallow a 
bodies i n  the c rus t  i s  being investigated. Theoret ical  calcula- 
t i ons  are being done f o r  single-phase and two-phase pergeable 
convection both above and a t  the edges o f  these systems. These 
ca lcu lat ions are being corre la ted w i th  f i e l d  data from lava 
lakes and regions above suspected magma bodies i n  the con- 
t i n e n t a l  crust. 

Inves t iga t ion  o f  c las ts  from 

/ 
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Persons i n  Charge: 0. E. Jones and J. B. Rundle 

Modeling o f  Geodetic Crustal S t r a i n  Data 

eformation program i s  an act ive and ongoing research 
e f f o r t  whose priniary ob jec t ive  i s  t o  develop i n e l a s t i c  models f o r  i n t e r -  
p re t i ng  observed time-dependent tec ton ic  s t ra ins  i n  the earth. Appl ica- 
t i ons  r e s u l t i n g  from t h i s  work have been made t o  reservo i r  engineering 
and t o  subsidence e f f e c t s  i n  complex i n e l a s t i c  geologic media due t o  
massive mining. 

g rav i ta t i ona l  o r  porous e l a s t i c  nonisothermal f i e l d  equations f o r  the 
impulse response func t ion  (Green function). I n  t h i s  method, the solu- 
t i o n  i s  represented as an i n f i n i t e  ser ies o f  Fourier-Bessel integrals,  
f o r  which t h e  coe f f i c i en ts  f o r  each term are then derived. Using t h i s  
approach and a v a r i e t y  o f  nonisothermal source functions, deformation 
can be computed f o r  f a u l t i n g  sources agma sources, m i  ne cavi t ies,  
intruded masses, and in jected water. 

Past data i n te rp re ta t i on  has b p r i n c i p a l l y  based on c r y s t a l  
deformation measurements i n  Japan and southern Ca l i fo rn ia .  Data on 
Japan have, been in te rpre ted  using a model o f  shallow angle surface 
f a u l t i n g  i n  an e l a s t i c  l i thosphere over ly ing a Maxwell v iscoe las t ic  
asthenosphere. U p l i f t ,  some strain,  and t i d e  gauge data were used t o  
constrain models of Japan near the is land o f  Shikoku and on the Boso 
peninsula, near Tokyo. Data on southern C a l i f o r n i a  consists o f  l eve l i ng  
over the  past 80 years, t r iangu la t ions  over the past 30 years, geodimeter- 
and geodol i te-der ived hor izonta l  strains, and some t i d e  gauge records. 
The leve l i ng  data def ine the well-known s ern Ca l i f o rn ia  u p l i f t  and 

This program i s  being used t o  solve the coupled e l a s t i c -  

, 

n t  l y  controvers i a1 . ' 
r we l l - log  records also provide information on changes i n  pore 

pressure w i th  time .fn ce r ta in  areas. Any improvements i n  the theory and 
computational c a p a b i l i t y  g rea t l y  increased the accuracy i n  ca l cu la t i ng  
f i n i t e  source deformations i n  poroelast ic media. These new ca lcu la t ions  
are now y i e l d i n g  values and bounds on mater ia l  propert ies f o r  the upper 
crust. Applying the modeling c a p a b i l i t y  t o  deformation i n  Alaska i s  
also underway, i n  co l labora t ion  w i th  coworkers a t  the U.S. Geological 
Survey. 

w- 
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Contractor: UNIVERSITY OF ALASKA f 

* Geophysical I n s t i t u t e  
Fairbanks, A1 aska 99701 

bi 

Contract: DE-AM06-76RL 02229 

T i t l e :  The Magnetic F i e l d  Ann ih i la t ion  Process i n  I 

Person i n  Charge: 

the Magnetosphere 

S. I .  Akasofu 

two magneti ze 
etween a magnetized cloud and a magnetic f i e l d  are 

o f  great s ign i f icance i n  understanding various phenomenh i n  astrophysics . 

and thermonuclear fusion studies. The ear th 's  magnetosphere provides a 
unique opportuni ty to. study these in te rac t ions  i n  nature, i n  par t i cu la r ,  
how a na tu ra l  dynamo (consist ing o f  a magnetized plasma f l ow  and a 
magnetized c e l e s t i a l  body) operates and how the  generated power i s  
t ransmit ted t o  the polar  ionosphere. A number of problems associated 
w i th  the  na tura l  dynamo are being pursued i n  co l laborat ion w i th  the  
plasma simulat ion groups a t  UCLA and the Un ivers i ty  o f  Texas, Austin. 
This study also takes advantage o f  the  very la rge  memory s ize  (one 
o f  the la rges t  i n  the  country) o f  the Un ivers i ty  of Alaska computer, 

Un ivers i ty  o f  Alaska researchers are also in terested i n  energy- 
re la ted  geophysical- problems i n  the A r c t i c  region. 
are studying the  e lec 
transmission l i n e s  an 

I n  par t i cu la r ,  they 
ur ren t  induced by auroral a c t i v i t y  i n  power 

o i  l[gas p ipe l  ines . We have successful l y  

e 

u 
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Contractor: UNIVERSITY OF ALASKA 

Geophysical I n s t i t u t e  
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Contract: EY-76-S-06-2229 006 

T i t l e :  11. Alaska Penin a Telemetered Seismic Network 

Person i n  Charge: H. Pulpan 

Scope o f  Work 

converging w i th  the, Pac i f i c  p la te  subducting beneath the  American plate. 
This system, which i s  unique i n  the United States, comprises a deep sea 
trench, a Benioff seismic zone, an over ly ing chain o f  andesi t ic  volcan 
and a shallow th rus t  zone w i th  high po ten t ia l  f o r  large tsunamigenic 
earthquakes. The analysis o f  seismic data generated by the earthquakes 
t h a t  f requent ly  occur i n  the arc system providesxone o f  the best means 
o f  understanding- the fundamental tectonophysical processes associated 
w i th  the observed natura l  phenomena. This understanding i s  a prerequi- 
s i t e  t o  assessing the geothermal energy' po ten t ia l  o f  the  arc 's volcanism 
and t o  determining the seismic and volcanic hazards re levant  t o  energy; 
re la ted  development i n  an area o f  h igh po ten t i a l  f o r  both f o s s i l  and 
geothermal sources. 

The pro jec t  involves operating a network o f  eleven short-period, 
vertical-component seismographs on both the Alaska Peninsula and some 
o f  the off-shore islands comprising the  arc. The network i s  p a r t  o f  a 
seismic monitoring system operated by d i f fe ren t [  agencies under v 
grants and covers approximately 1000 km o f  the eastern end o f  t h  
The earthquake catalog ( threshold MB = 2) derived from the network 
provides ins igh t  i n t o  the space-time behavior o f  se ismic i ty  and i t s  
bearing on the occurrence o f  large earthquakes, the mechanics o f  the 
subduction process, and the re la t ionsh ip  o f  the subduction process t o  
the ac t ive  volcanism o f  the system. 

Presently, the work focuses on 

o 

o 

. The Aleutian-Alaska arc system resu l t s  from two - l i thospher ic p l a  

, 

Determining the source mechanism parameters o f  earthquakes 
from both body and surface waves. + 

I nve r t i ng  regional and teleseismic t rave l  t ime data i n t o  
a c rus ta l  and upper .mantle seismic ve loc i t y  structure. 

o Relocating earthquakes based on resu l t s  o f  the inversion 
data and the use o f  Jo in t  Hypocenter Determination methods. 
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Subcontractor: UNIVER’S ITY OF AR I ZONA 
Department o f  Geosciences 
Tucson, Arizona 857 

-u ~ 

Subcontract : DE-FC07- 801 D12145 

est iga t ion  o f  the Thermodynamic Constraints 
I Water/Rock Reaction and Thei r  Relat ionship 

t o  F l u i d  Flow Pat rns i n  the Cerro Pr ie to  
Geot hemal Sys tem 

Person i n  Charge: D. K. B i r d  

Scope o f  EIork 

heoret ical  geochemistry and heat and mass 
the  contro l  1 i ng thermodynamic 

i t h i n  geothermal reservoirs. These advances of 

quant i ta t i ve  descr ip t ion o f  the pressure, temperature, and composition 
contro ls  responsible f o r  observed compositional re la t ionships among 
minerals and aq ous species i n  a well-explored geothermal system. 
This i s  a j o i n t  r o j e c t  invo lv ing  W. A. Elders and A. E. Williams, 
from, respect ively,  the I n s t i t u t e  o f  Geophysics and Planetary Physics, 
a t  the Un ivers i ty  o f  Cali fornia, Riverside, and i t s  subcontractor, t he  
Department o f  Geoscien 

t i ons  and minerals a t  various 

l u i d  f l ow  analys is ’are t o  be u t i l i z e d  i n  der iv ing  a 

the Un ivers i ty  o f  A r i  

f i c  study o f  the Cerro P r ie to  geothermal f i e l d  has 
produced an extensive data base on mineral d is t r ibu t ion ,  mineral and 

temperatures as high as 350% a t  1.8 km depth, i s  the  idea l  candidate 
f o r  t h i s  invest igat ion.  

try, and temperature d is t r ibu t ion .  This f i e l d ,  where a 
ograde metamorphic minerals have fdrmed i n  response t o  

segment’of the pro e l  op t hermo- 
id-flow models using the computational f a c i l i t i e s  and 
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Contractor: UNIVERSITY OF -ARIZONA G I  I 
Department o f  -Geosc?ences 
Tucson, Arizona 85721 

Contract : DE-AC02-81ER10842 .. 

1 .  ormation i n  Ma -Hydrothermal Systems: 
. The Nature'of  Fractures i n  Plutons and Their  

T i t l e :  . 

Host Rocks. . 

Persons i n  Charge: D. Norton and D. K. B i r d  

Scope o f  Work 

Mot ivat ion f o r  t h i s  comprehensive f i e l d  survey o f  f rac tu res  i n  
exhumed f o s s i l  magma-hydrothermal systems i s  based on ten  *years experi- 
ence i n  f i e l d  and theore t ica l  studies o f  magma-hydrothermal' (MH) systems. 
During these studies the need f o r  data on the s ta te  o f  s t ress and s t y l e  
o f  rock deformation has become apparent. The object ives o f  the p ro jec t  
are : 

o Improving and developjng techniques for f r a c t u r  
i n  f o s s i l  MH systems tha t  w i l l  provide informat 
t o  understanding the t ranspor t  processes . 
spacing, cont inu i ty ,  and e f f e c t i v e  aperture--in one f o s s i l  
system i n  d e t a i l  and j n  several systems a t  a reconnaissance 
scale. 

Describing f rac tu re  charac ter is t i cs  w i t h  respect t o  
locat ions i n  the p lu ton-- for  example, s ide margins, 
and i nte r  i or. 

Summarizing these data i n  a form t h a t  benef i ts  advanced tech- 
nology groups concerned with engineering s i e s  of ac t i ve  
MH systems, and improving the theore t ica l  i s  fo r  analyzing 
the MH systems processes. 

o Mapping f rac tu re  c rac te r  i s t  i cs - - f  o r  example, frequency, 

o 

o 

I 
i 

I 
The r e s u l t s  o f  t h i s  research w i l l  he lp  t o  def ine data'requi*rements 

and mapping techniques f o r  engineering studies re la ted  t o  c r y s t a l l i n e  . 
rocks. i 
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UNIVERSITY OF ARIZONA 
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i T i t l e :  111. s i 1 i ty  Observed Through Changes i 

i 
i n  Solar 'Figure and Mean Diameter 

i 
i 

.Persons i n  Charge: H. A. H i l l  and R. 3. Bos 
b 

Scope o f  Wor 
1 
I 
i 
i 
! 

i 

monitor ing c l i m a t i c a l l y   significant^ changes i n  the 
so lar  constant has been the goal..,of many researchers. However, t h i s  
pu rsu i t  has met w i t h  l i t t l e  success, p r i m a r i l y  because o f  continuing 
d i f f i c u l t i e s  i n  obtaining radiom r data t h a t  are reproducible a t  
the r e q u i s i t e  l eve l  o f  s e n s i t i v i  over years and.decades. For t h i s  
reason, the  development of e f f e c t i v e  i n d i r e c t  diagnostics o f  so la r  
luminosi ty i s  being explored i n  various quarters. ~ 

The work a t  the Un ivers i ty  o f  Arizona i s  concerned with the develop- 
ment of an i n d i r e c t  diagnostic addressi g luminosi ty changes through the 
study of changes o f  the  so lar  shape and diameter. During the 1970's, 
techniques were developed a t  the Univer i t y  t o  measure f rac t iona l  changes 

ccuracy represents an improvement of 
several orders of magnit t ha t  achieved i n  the past. Current 
e f fo r t s  aim t o  extend the ue t o  obta in  t h i s  accuracy over t ime 
scales o f  years t o  decades and t o  study the re la t ionsh ip  between the  
i n d i r e c t  d iagnost ic and the so lar  luminosity. Studies o f  the so lar  
f i g u r e  and diameter may be more ,sensi t ive and more cost -ef fect ive than 

i 

o l a r  diameter t o  
h o r t  t ime scales 

accuracy ~ ~ ' A D / D  'L 10-5 t o  10-6 over re la -  

I n  addition, the basic measuring engine i n  the foca l  plane, an 
interferometer, must be capable o f  s t a b i l i t y  over t h i s  per iod 
range. The short-term so lu t ion  t o  the f i r s t  problem i s  t o  
alfreezeat the telescope conf igurat ion u n t i  1 such t ime as ca l  i bra- 
t i o n  procedures, which represent a long-term solut ion, are 
developed. With regard t o  the interferometer (a device which 
can on ly  measure changes), a procedure had t o  be developed t o  

W 
I 



B. 
1 
I 

i 

C. 

D. 

V reca l i b ra te  the zero o f  i t s  scale each day t h a t  i t  was turned 
on. During the present funding period, both o f  these solut ions 
have been put on l ine .  The telescope conf igurat ion has been 
adequately s tab i l i zed  o r  tBfrozen,tt and the interferometer has 
een augmented i n  order t o  detect white l i g h t  f r inges t o  be 
sed f o r  i t s  reca l i b ra t i on  a t  each use. 

2. Long-Term Solut ion 

Maintaining the long-term s t a b i l i t y  o f  t h  
best done by reca l i b ra t i ng  i t  t o  the r e q u i s i t e  
frequent intervals.  A technique has been desig 
the potent ia l  t o  measure a solute ngles i n  a t 
f i e l d  t o  accuracies o f  10-3 t o  ld arcsec. It 
noted t h a t  the development o f  such a technique 

important ly t o  

Extending the Capab i l i t ies  o f  the Solar Detector ( 
and R. J. Bos) 

The so lar  detector i s  being modified t o  incorporate some n& 
developments i n  o p t i c a l  detectors. I n  par t icu lar ,  a charge- 
in jected device ( C I D )  camera i s  being developed which, when in -  
corporated i n t o  the solar detector, w i l l  help t o  maintain i t s  
s t a b i l i t y  i n  the s p i r i t  o f  the long-term so lu t i on  described a 
During the funding period, the main e f f o r t  has been t o  design 
and construct an interface between the C I D  camera and an o n t l i n e  
microprocessor w i th  i t s  mass storage device. This in ter face has 
been constructed and i s  cu r ren t l y  being tested. 

Observations (H. A. H i l l  and R. J. Bos) 

With the completion o f  the  program t o  "freeze" the telescope's 
configuration and the mod i f i ca t ion  o f  the interferometer t o  detect 
white l i g h t  fringes, the observation began. Observers have now 
been t ra ined t o  operate the telescope and, s t a r t i n g  i n  March 1981, 
observations have been made on a regular basis, weather permitt ing. 

Analysis (H. A. H i l l  and R. J. Bos) 

The weather during winter 1981 has permitted the acqu is i t ion  
o f  on ly  a l i m i t e d  amount o f  data. However, these data are being 
analyzed t o  introduce the new s t a f f  t o  the d i f f i c u l t  task o f  data 
reduction and t o  make a prel iminary check on the systematic errors 
a r i s i n g  from the telescope as cu r ren t l y  configured. 

I w 
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Contractor: ARIZONA STATE UNIVERSITY 'hd Department o f  C hem i 

Contract: DE-AC02- 80ER 10765 A000 

S i l i ca te ,  Aluminosi 

s- by High Temperature e t  

n d  Boros i 1 i cate 
r Glasses and Melts: hemical Studies 

T i t l e :  
4 

Persons i n  Charge: A. Navrotsky 

Scope o f  Work 

Persons i n  Charge: A. Navrotsky 

Scope o f  Work 

High temperature so lu t ion  ca lor imetry  i s  used t o  determine heats 
o f  mixing i n  a luminosi l icate glasses and melts. Systems cu r ren t l y  
under study are K A l S i  08-NaAlSi308-Si40 , CaMgSi206-CaA12SiO6, and 

the ca lcu la t ion  o f  entropies o f  mixing i n  s i l i c a t e  melts, the construc- 

CaO-Al203-Si02. Comb ? ned w i th  previous 8 y obtained data on.CaA12Si208- 
NaAl Si308-CaMgSi 206 and XaA12Si 208-haA1Si308-Si408, these data permit 

I 
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Contractor: BROWN UNIVERSITY 
Department of Ge gical Sciences 
Providence, Rhode Island 02912 

Contract : DE-AC02-79ER10401 

Title: Thermal Regimes of Major Volcanic Centers: 
Magnetotel lurk Constraints n the Coupling 
of Deep-seated Magma Genesis to High-Level 
Geothermal Reservoirs 

3. F. Hermance Person in Charge: 

Scope of Work 

s at this laboratory is n applying geoph 
magnetic techniques to detecting and characterizing geological features 
within the earth that are related-to energy resources. Present atten- 
tion is directed toward understanding the dynamic processes and thermal 
regimes associated with centers of major volcanic activity in terms 
o f  basic scientific questions relate to national priorities, such as 
geothermal energy, chemical transpor sand the emplacement of economic 
ore deposits. The dynamic evolution of intraplate si1 icic -centers in 
the western United States must be understood in light of the evolution 
o f  precursive basaltic activity at high levels in the crust. This is 
because the segregation of basaltic magqa from parent- mantle material 
at depth (30 to 100 km) and its migration to higher levels in.the crust 
(5 to 15 km) offers an effective mechanism for transferring heat from 
deep mantle sources to the upper crust, which may, in turn, lead to 
episodes of crustal melting at shallow depth and silicic volcanism at 
the surface. 

A. Thermal Processes Associated with Major Volcanic Centers 

/ 

a. 

(3 .  F. Hermance) 

in the' world indicate that all these regions exhihit anomalously 
low values of electrical resistivity, density, and seismic velocity, 
either within the crust itself or at high levels of the mantle. 
Beneath intraplate rifts, such as the Rio Grande rift, the emplace- 
ment of basaltic magma at mid-levels in the crust may lead to 
extensive remelting of the crust, triggering eruptive episodes of 
silicic magmatism, such as those associated with the Valles Caldera. 
However, a reinterpretation of magnetotel luric measurements made by 
the research group in the Jemez Mountains (and the Valles Caldera) 
indicates no profound geophysical anomaly, as would be expected if 
a major magma body were present. We conclude therefore that 
silicic magma chambers, beneath resurgent ,calderas of this type, 
solidify very quickly after eruption, perhaps in the time scale of 
104 years. Since volcanic activity in the Jemez Mountains has 
been active episodically well in excess of 106 years, a mechanism 
is required for,reactivating magmatic conditions at depth in 

A review of geophysical investigations of the major rift zones 
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the crust. We are attempting to understand possible mechanisms by, 
which this is done through interpreting the results of geophysical 
field programs in the Jemez Mountai 
Basin volcanic complex. 

g Val 1 ey/Mono 'G) 

B. 

A new interpretation of geophysical experiments on Iceland 'and 
adjacent areas suggest that crustal thickening due to underplating 
is a significant mechanism of crustal genesis in this region. 
According to this inter retation, mantle-derived melt accumulates 
in a thin layer (Tc4 km P at the base of the crust beneath the neo- 
volcanic zone. With4ime, t is melt cools, solidifies, and .accretes 
to (or underplates) the base of the crust, thus 'leading to crustal 
thickening. The crust incre ses in thickness from 8 to 10 km 
directly beneath the neovolcanic 'zone-to an average value of 20 km 
for the generally older (%lo M.Y.) Iceland plateau. The much older- 
Iceland-Faroe Ridge has a crusta7 thickness of 30 km. Therefore, ' 

segregation of material from a significant volume of the -mantle 
and continued crustal underplating may ersist well beyond the 
boundaries of surface manifestations of volcanic activity. We are 
planning to explore the possibility that such a process may operate 
beneath the Basin and Range Province and the Salton Trough in the 
western United States. A series of geophysical field studies in 
Neva s this issue. 

Magnetotelluric-Magnetic Variation Field System (J. F. Hermance) C. 

A long-term geophysical field program has begun to investigate 
this system using tellurics, ,magnetotellurics, 'and geoma netic 
variations over frequencies in the range of 103 Hz to 10 1 sec 

IJ- 
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Contractor: , UNIVERSITY OF CALIFORNIA . 
Berkeley, California 94720 

k 

i 

I 
Contract: DE-AS03-76F00034 

i 
Title: f I Isotopic Studies on Rare Gases in Terrestrial 

Samples and in Natural Nucleosynthesis 

Person in Charge: 

Scope of Work 

spectrometry. The broad objective is to read the natural record that 
isotopes of the rare gases comprise as trace constituents of natural 
gases, rocks,'and meteorites. In past years, these interests have led 
to the study of such diverse problems as the dating of rocks, the early 
chronology of the solar system as revealed by extinct radioactivities, 
and the elemental and isotopic composition of trapped .primordial rare 
gases in meteorites . 
terrestrial problems. A lengthy study is being prepared for publication 
on rare gases from volcanic xenoliths and megacrysts and suboceanic 
volcanic basal ts. These samples have provided information about their 
genetic relationships and about the .outgassing history of the mantle. 
Several isotopic signatures for primordial mantle gases have been 
i den ti f i ed. 

struct, and operate an apparatus to analyze the elemental and isotopic 
composition of rare gases from fluid sources in the field, at or near 
the sampling site. Long-range scientific goals are to search for 
additional manifestations of primordial gases and to see how they relate 
to convection patterns within the earth. Rare gases from steam wells 
and other geothermal energy sources will also be examined. Particular 
interest will be paid to assaying proportions of recycled atmospheric 
gas versus radiogenic gas. Presently, the procedures are being checked 
on samples of water which have been equilibrated with the rare gases in 
air at various temperatures. New data are being obtained on artificially 
prepared brines. The University's first extensive field study will soon 
be undertaken at the Geysers geothermal field in nearby northeastern 
Sonoma County, California. 

3. H. Reynolds 

. r  This project h research in rare gas mass 

In recent years the project has focused progressively more on 

Current efforts are concentrating on a new program to design, con- 

I 
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Contractor: UNIVERSITY OF CALIFORNIA 
I n s t i t u t e  o f  Geophysics. and P 
Los Angeles, €a 

Contracts : DE-AS03- 76SF 00034 BDE-AT03-76ER70224 

T i t l e :  Relat ionship o f  Physics t o  Geothermal 
Energy Techno1 ogy 

Persons i n  Charge: 0. L. Anderson and N. 

asic research e f f o r t  which i n  part,  i s  d 
ordinate’d with the Hot Dry Rock Geothermal Energy Development Project  

he Geosciences D iv is ion  a t  Los Alamos National S c i e n t i f i c  
The focus i s  on developing ana ly t i ca l  t oo l  
ed analyses o f  rock mechanical propert ies 

structure. .The th rus t  of the work i s  t o  define the s t a t i s t i c a l  i n te r -  
re la t ionships o f  rock microstructure t o  petrographic and mechanical rock 
propert ies. These in te r re la t ionsh ips  then form the basis 

physical understanding o f  the 

Three classes of variables are necess 
petrographic and mineralogical variables, crack map var iables (obtained 
by mapping crack patterns), and descr iptor variab.les o f  the e l a s t i c  
deformation o f  a sample. The output o f  t h i s  analysis i s  a set  o f  co- 
e f f i c i e n t s  that are cross-correlated between the variables i n  the three 
classes. A pre l iminary t y p i c  study f o r  crack maps on two grani tes has 
been completed. A f u l l  study i s  cu r ren t l y  being conducted on three 
samples o f  Berkeley blue granite. 

Addi t ional  re la ted  studies are being car r ied  out. The f i r s t  i s  an 
experimental and theore t ica l  study o f  nonl inear s t ress-s t ra in  re la t ions.  
For t h i s  study, volumetric s t r a i n  measurements were made on thick-wal led 

essure and t r i a x i a l  loading. The 
s t i c  moduli data i n t o  



Contractor: UNIVERSITY OF CHICAGO 
I1  1 i noi s 60637 hpr 

Contract : 

T i t l e :  

Person i n  Charge: 

Scope o f  Work 

magma by studying c rys ta l s  extruded from them during past volcanic 
eruptions. Inclusions o f  melt  contained w i t h i n  c rys ta l s  can be analyzed ' 
for H20 and CO2 w i th  a vacuum gas analyzing device. The method needs t o  
be established by f i r s t  working on w e l l  documented mater ia ls 
ash-flow t u f f s  from Valles Caldera, New Mexico. 

/ 

Depth to'and Concentrations o f  Water i n  Large 
- . S i l i c i c  Bodies o f  Magma 

A. T. Anderson, Jr. 

The purpose o f  t h i s  program i s  t o  learn about bur ied bodies o f  

From measurements o f  H 0 and CO?, i t  i s  hoped t o  es tab l i sh  the  . 
depths down t o  the tops of P arge bodies o f  s i l i c i c  'magma beneath volcan- 
oes w i th  an accuracy of 1 t o  3 km. The same information bears on the 
expected dynamical behavior o f  the magma. Both the depth and dynamic 
behavior o f  bodies o f  magma a f f e c t  t h e i r  po ten t i a l  f o r  geothermal energy, 
ore deposit formation, and eruption. 

. .  

. j .  

. . .  
. .  

I .  

, .  



~~ 

A UNIVERSITY- 
Doherty Geological u es, New York 10964 

DE -AS021 7 6ER 03 134 

Seismotectonics o f  the Eastern Aleut'jan Arc I 

and Associated Volcanic Systems 

Persons i n  Charge: J. Davies, K. Jacob, and L. Sykes 

Scope o f  Work 

The object ive o f  t h i s "p ro jec t  i s  t o  quan t i t a t i ve l y  def ine physical 
propert ies and processes o f  a h igh l y  act ive subduction zone and i t s  
associated volcano-magmatic arc using p r i m a r i l y  seismologic information. 
For t h i s  purpose, a seismic network i s  operated t h a t  i s  centered on the 
Shumagin Islands Seismic Gap. The h i s t o r i c  seismic record indicates 
t h a t  a t r u l y  great earthquake (M 
segment i s  l i k e l y  t o  occur w i th in  the next two decades. Speci f ic  tasks 
and.the quant i t ies  t o  be determined i n  t h i s  study are: 

\ 

8) i n  t h i s  eastern Aleut ian arc 

o High-resolution, three-dimensional seismic v e l o c i t y  (P and S) 
and ane las t i c i t y  (0) structures derived using three-dimensional 
ray  t rac ing  and simultaneous hypocenter and invers ion tech- 
niques applied t o  the network data. I n  addit ion, converted and 
re f l ec ted  phases are used t o  r e f i n e  the ve loc i ty .  structures 
beneath the seismic array. 

Or ientat ions and magnitudes o f  dev ia to r ic  stresses determined 
w i t h i n  the subducting oceanic plate, near 'the p l a t e  interface, 
and i n  the over r id ing  p la te  containing the magmatic arc. Data 
sources are seismic foca l  mechanisms and body wave forms f o r  
dynamic stress ca lcu lat ions i n  the seismogenic port ions and 
volcanic d ike patterns i n  the volcanic arc. 

Del ineat ion o f  the shape and depth range o f  magma bodies i n  
the r o o t  zone o f  volcanoes by seismic delay time, waveform, 
and at tenuat ion analysis. 

Time h i s t o r i e s  o f  eruptions of a h igh l y  ac t i ve  volcano (Pavlof) 
are monitored se ismica l ly  and t h e i r  r e l a t i o n  t o  changes i n  the  
ambient stress f i e l d  (earthquakes, t i des )  are investigated. 

Time-dependence o f  seismic ve lqc i t ies,  dev ia to r ic  stresses, 
and patterns o f  se ismic i ty  and vo l can ic i t y  are monitored f o r  
any possible i nd i ca t i on  o f  a f u  

Many o f  the s c i e n t i f i c  tasks requ i re  fu l l - range, undistorted 
seismic waveforms. Theref ore, technical  development includes 
d i g i t a l  event recording and, eventually, d i g i t a l  data t rans- 
m i  ss i on. 

I 

o 

o 
I 

o 

o 

rea t  earthquake. 

o 

. 
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A comprehensive synthesis o f  the co l lected seismologic information 
w i th  resu l t s  from re la ted  geodetic, geologic, and volcanic studies i s  
attempted t o  develop models f o r  subduction and magmatic arc processes. 
Applications o f  t h i s  p ro jec t  concern development o f  i s land arc geo- 
thermal resources; back-arc, fore-arc, and in t ra-arc  basin formation; 
and the seismic and volcanic exposure o f  po ten t ia l  lease areas f o r  
hydrocarbon explorat ion i n  s basins on land and offshore. 

! 
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Contractor: COLUMBIASUNIVERSITY 

- \  
Lamont-Doherty Geological Observatory - .bj  Palisades, New York 10964 

Contract: DE-AC02-76ER04054 

T i t l e :  

Persons i n  Charge: C. Scholz and T. Engelder 

Scope o f  Work 

The Time-Dependent Transmissiv i ty o f  Jo in ts  

I n  order t o  understand the e f f e c t  o f  f rac tu re  closure on perme- 
ty, t h e  precise ef fects  o f  changing f l u i d  pressure on the r a t e  o f  

f l ow  along smooth j o i n t s  i n  rock a t  e f f e c t i v e  pressures t o  300.MPa are 
being studied. Current studies include measuring the in f luence on 
f l ow . f rac tu re  f i l l i n g  or  gouge along the  j o i n t  surface. Results from 
smooth j o i n t s  ind ica te  t h a t  a t  low pressures ( <20 MPa) permeabi l i ty  
approximately fol lows the  d3 law * f o r  f l u i d  f l ow  between p a r a l l e l  plates. 
A t  much higher pressures where j o i n t  apertures (d) are less than 10 VM, 
permeabi l i ty  decreases faster w i th  d than as d3. The reason f o r  t h i s  
behavior’  i s  t h a t  the ef fect ive cross-sectional width ( W )  ava i lab le f o r  
f l u i d  f l ow  decreases as the j o i n t  i s  pressed 
i s  a func t ion  o f  pressure across the j o i n t .  

t i c  gouge o f  angular fragments t h a t  f i l l s  the j o i n t .  For a f i l l i n g  o f  
uniform p a r t i c l e s  about 25 um i n  diameter, the permeabi l i ty  decreases 
fas te r  w i t h  d than as d3. This i s  a t t r i bu ted  t o  the compaction o f  the  
ca tac las t i c  f i l l i n g  f o r  which the e f f e c t i v e  cross-sectional width de- 
creases w i th  increased pressure. For a poor ly  sorted gouge consis t ing 
o f  p a r t i c l e s  varying i n  s ize  from 25 pm t o  submicron, permeabi l i ty  
var ies less r a p i d l y  w i th  d than as d3. I n  t h i s  case, the  f rac tu re  

ether,. I n  effect, W 

I Two e f fec ts  are seen i n  f racture f i l l i n g  which resemble a cataclas- 
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Contractor: INDIANAPOLIS CENTER FOR ADVANCED RESEARCH, INC. 

Indianapolis, Indiana 46202 1219 West Michigan Street L.’ 
Contract : DE-AC02- 80ER 10586 

Title: Computerized Underground Image Reconstruction 

Person in Charge: 

Scope o f  Work 

TheTgoa’i of this work is to develop computer processing techniques 
and data collection methods for reconstructing high resolution under- 
ground images applicable to a variety of energy programs. The specific 
goal for this phase is to develop improved measurement models and recon- 
struction techniques for tomographic imaging of refracting geological , 

media based on data obtained. by electromagnetic a 

-This will be carried ut by computer simulat 

K. A. Dines 

ole and surface modes terrogation 

optics model o f  wave propagation applicable to transmission measurements 
where the wave ’length is much smaller than the size of the re 
anomalies, This phase comprises the following tasks: - 

o Develop stable computer processing techniques for calculating 
curved ray paths in known two-dimensional r active index 

ard problem). 

the feasibility of implementing image reconstruc- 
I ,  

tion techniques for interpreting projection data of refractive 
.media (inverse problem) 

Test the performance of ‘ray tracing and reconstruction tech- 
niques using computer-generated test models of refractive 
index distributions. 

This effort is aimed at providing imaging techniques for applica- 
tions such as in situ coal gasification, secondary and tertiary oil 
recovery, mineral prospecting, tar sand extraction, and the character- 
ization and monitoring of nuclear waste isolation sites. 

o 
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Department o f  Earth and Planetary Sciences 
Cambridge, Massa 

Contractor : W 

Contract: . EY 76-S-02-25430134 

T i t l e :  I .  Seismology o i o n  and Natural 
Geothermal Systems 

Person i n  Charge: K. Aki 

Scope o f  Work 

arch program has grown through p a r t i c i p a t i o n  i n  two major 
geothermal projects,’ namely, the Hot Dry Rock Geothermal Energy Deve 
ment Pro jec t  o f  the  Los Alamos National Laboratory and the Magma Tap 
Pro ject  o f  Sandia National Laboratories. I n  order t o  i n t e r p r e t  data , 

eory and methods have been developed f o r  
i ss i on, sca t te r ing  
l ed  crack( s) . 

seismic experiments conducted a t  Fenton H i l l ,  New Mexico, 

at tenuat ion i n  

The r e s u l t s  o f  i n t e  n to  a f l u i d - f i l l e d  
crack model f o r  each geothermal s i te ,  a parameters are 
updated as new experimental r e s u l t s  are analyzed. The MIT model i s  
intended not  on ly  t o  def ine the  geometrical and physical  propert ies 
o f  the geothermal system but ,also t o  estlmate the mass and energy 

smic s ignals  generated by the 
remors . 
he hot  d ry ’ rock  fr 

a t  Fenton H i l l ,  magma lens i n  Ki lauea I k i ,  deep and shallow,tremor 
sources under Kilauea, tremor sources ins ide  M t .  S t .  Helens, and the 
Cerro P r ie to  geothermal area. The data needed f o r  study are co l lec ted  
by a network o f  mobile d i g i t a l  seismographs from the Massachusetts 
I n s t i t u t e  of Technolo y (cu r ren t l y  comprised o f  n ine s ta t ions  operated 
around M t .  S t .  Helens ? as we l l  as from the U.S. Geological Survey, Los 
Alamos National Laboratory, .Oregon State Universi ty,  the Un ive rs i t y  o f  
Washington, andt the  Centro de Inves t iga t ion  C i e n t i f  i a y de Educacion 
Superior de Ensenada i n  Mexico, through cooperative 

- 
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Contractor: MASSACHUSETTS NSTITUTE OF TEC 
Department o f  Earth and Planetary- Sciences 
Cambridge, Massachusetts 02139 

Contract: DE-AC02-78ET04972 I 

T i t l e :  11. Microcracks and Eoerg 

Person i n  Charge: G. Simmons 

Scope o f  Work 
4 -  

The scanning electron microscope (SEM), petrographic microscope, 
d i f f e r e n t i a l  s t r a i n  analysis (DSA), and the. data various physical 
propert ies measured as a funct ion o f  pressure ar ed t o  characterize ' 

microcracks i n  rocks a t  are rel.ated t o  various energy programs. The 
samples t h a t  have bee examined include' core from geothermal areas (Cos0 
and Raf t  River) and core from several g r a n i t i c  bodies (Conway and M t .  
Osceola grani tes from New Hampshire and samples from the  Granite and 
Sherman mountains i n  Wyoming). A set  o f  microcrack features has been 
i d e n t i f i e d  tha t  appears t o  be unique t o  geothermal rocks. Both uranium 
and ra re  ear th  elements have demonstrated t h a t  they migrate through 
microcracks i n  some g r a n i t i c  rocks and are deposited i n  microcracks 
under some physical-chemical conditions. 

cracks i n  various aspects o f  energy. Speci f ic  
modify f i s s i o n  t rack dat ing methods-so they ca 
o f  microcracks, document fu r the r  the migrat ion o f  ' r a r e  ear th  elements 
(REE) and uranium though microcracks, .and develop methods f o r  studying 
microcracks i n  shales. 

The object ive o f  t h i s  p ro jec t  i s  t o  demonstrate the r o l e  o f  micro- 
, the aim i s  t o  
e l d  absolute ages 

i 

\ 

\ 
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Contractor: UNIVERSITY OF MINNESOTA -bj Department o f  Geology and Geophysics 
Minneapolis, Minnesota 55455 

T i t l e :  Experimental Formation o f  Chal om Calcareous 
Ooze 

Persons i n  Charge: T. Johnson and W. Seyfr ied 

Scope o f  Work 

Carbonate sedimentary rocks comprise a s i g n i f i c a n t  f r a c t i o n  o f  the. 
world's petroleum reservoirs. The complex process involved i n  carbonate 
diagenesis i s  o f  special  i n te res t  t o  petroleum geologists because reser- 
v o i r  po ten t i  a1 i s  in t imate ly  re1  ated t o  the poros i ty  and permeabi 1 i ty  
changes occurr ing dur ing 1 i t h i f i c a t i o n .  
of diagenetic a l te ra t ions  tak ing place i n  natural  systems over geologic 
t ime periods are especia l ly  valuable i n  understanding sediment t ransfor-  
mation i n t o  rock. Such experimentation, however, can be v a l i d  on ly  i f  
the tex tu ra l  d i f ferences produced dupl icate those i n  natural  sediments. 
Experiments are being cond cted a t  the Un ivers i ty  o f  Minnesota tha t  
attempt t o  form chalk from i t s  parent material,  calcareous ooze. The 
sediments are subjected t o  r igorous condit ions o f  pressure and tempera- 
t u r e  i n  hydrothermal equipment t o  cause the diagenetic change. I n  order 
t o  im i ta te  pressures provided by natura l  overburden, both a d i f f e r e n t i a l  
and hydrostat ic  pressure are appl ied t o  a sample. Sampling o f  the aque- 
ous phase can a lso be car r ied  out a t  experimental conditions. Equipment 
modif icat ions are being made which w i l l  a l low d i f f e r e n t i a l  pressures o f  
over one k i lobar ,  whi le  water sampling capab i l i t y  a t  hydrothermal condi- 
t ions  i s  retained. 

Several important fac to rs  inf luence the u l t  t e  hydraul ic char- 
acter o f  a calcareous sediment, inc lud ing pore water chemistry, i n i t i a l  
sediment composition, and sediment physical propert ies. Pore water 
chemistry i s  analyzed i n  the laboratory by atomic absorption spectro- 
scopy; mineralogy i s  determined through x-ray d i f f r a c t i o n  o f  both the 
carbonate and the  noncarbonate f rac t ions  
measured include bulk d ity, porosity, d g ra in  s i t e .  I n  addition, 
the laboratory hopes t o  velop the capacity t o  measure sample perme- 

xperimental conditions. F ina l l y ,  microscopic textures are 
a scanning e lect ron microscope w i t h  an x-ray dispersion 

attachment. The textures are compared t o  those o f  Cretaceous chalks 
t h a t  have undergone var amounts o f  diagenesis. 

sediment diagenesis t h a t  should be valuable i n  so lv ing problems o f  
i n te res t  t o  petroleum companies. The po ten t ia l  benef i ts  include a 
be t te r  understandjng o f  

Short term laboratory s imulat ion 

Physical propert ies t h a t  are 

system has thus f a r  een successful i n  simulat ing 

Ir 
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L, o The e f fec ts  o f  temperature and pressure on the r a t e  o f  carbon- 
ate diagenesis and the consequent inf luences on poros i ty  and 
permeabi 1 i ty. 

The e f fec ts  o f  sediment composition on the r a t e  and amount o f  
diagenesis i n  carbonates. 

The effectiveness o f  experimentally formed authigenic minerals 
as a b a r r i e r  t o  o i l  movement. 

o 

o 
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Contrac !NATIONAL ACADEMY OF SCIENCES 
Washington, D. C. 20418 

Contract: DE-FG02-80ER10757 I 
i 
! 

i I. Studies i n  Geophysics 
! : P. 3. Hart  
! 
I '  
I 

The Geophysics Research Board (GRB) o f  the National Research 
Council, Nat ional  Academy o f  Sciences i s  conducting a ser ies o f  studies 
i n  geophysics deal ing w i th  t ime ly  s c i e n t i f i c  and soc ieta l  aspects o f  
geophysics and the  corresponding demand on geophysical knowledge. 

The studies are guided by the Geophysics Study Committee (GSC). 
Members of the conanittee are Charles L. Drake (chairman), Louis 3. 
Battan (vice-chairman), John D. Bredehoeft, A l lan  V. Cox, Hugh Odishaw, 
Charles B. Off icer,  Raymond 6. Roble, and Thomas M. Usselman. 

geophysical knowledge re la ted  t o  c l ima t i c  variat ions, f resh  water 
resources, mineral resources, geothermal and other energy sources, 
geophysical predict ions, and environmental maintenance; and science- 
or iented studies, such as geophysical data, in te rna t iona l  programs i n  
geophysics, s ta tus o f  developments and opportuni t ies i n  geophysics, and 
the impact o f  technology on geophysics. Each study i s  conducted by a 
panel selected f o r  the spec i f i c  purpos The pre l iminary f indings of 
each study are presented t o  the s c i e n t i f i c  community f o r  comment a t  a 

de problem-oriented studies, such 

xpected t o  be completed 

elmut E. Landsberg, panel chairman, pub- 

~, Homer E. Newell, panel chairman, 
pub1 ished 197 9, 136 P. u 
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Continental Tectonics, - B. Clark Burchfiel,  Jack E. Oliver, and 
Leon T. S i lver ,  panel cochairmen, published i n  1980, 197 p. 

Studies i n  preparation 

Mineral Resources: The P r a c t i c a l i t y  o f  Genetic Understanding, Paul 
B. Barton, Jr., panel chairman, t o  be published i n  1981. 

Solar Va r iab i l i t y ,  Weather, and Climate, John A. Eddy, panel chairman, 
t o  be published i n  1981. 

, Myron B. Fier ing,  panel 
C 

Pre-Pleistocene Climate, Wolfgang H. Berger and John C. Crowell , panel 

Geophysical Data and Pub1 i c  Pol icy, Michae 

cochairmen, t o  be published i n  1981, 

t o  be published i n  1982. 

Estuarine Research Perspectives, L. Eugene Cronin and Charles B. 
Off icer,  panel cochairmen, t o  be published i n  1982. 

Studies under consideration 

Ground Water Contamination 
Expl os i ve Volcanism 

The modular pat tern for  the studies i n  geophysics was design 
permit se lect ion o f  the  most t ime ly  top ics and rap id  comp 
ind iv idual  studies t o  meet the fo l lowing objectives: 

o Set f o r t h  the current and prospective contr ibut ions t h a t  the 
geophysical sciences can make t o  such concerns o f  mankind as 
energy, nonrenewable resources , and the environm 

Provide government o f f i c i a l s  w i th  technological 
evaluations t h a t  can serve as a ra t i ona l  basis f o r  decision 
making germane t o  po l  i c i e s  and programs i n  
research. 

Provide the s c i e n t i f i c  community w i th  a basis f o r  r a t i o n a l  
judgments re la ted  t o  developing the basic s ence of geophysics 
i n  general and recognizing the  r e l a t i v e  imp 
o f  the developments w i th in  various branches 

o 

o 
. 
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Contractor : NATIONAL ACADEMY OF SC I ENCES 
I bs 
I 

1 -  

I 
I 

ittee (CSDC) was established 
in January 1980 under the Geophysics Research Board of the National 
Academy of Sciences/National Research Counci 1 (NAS/NRC) to implement the 
recommendations o f  -the report o he July 1978 Workshop on Continental 
Dri 11 ing for Scientific Purpose held at 10s Alamos, New Mexico. The 

I report is entitled Continental Scientific Dri 11 ing Program, pub1 ished 
by the NAS/NRC in 1379. A major program goal that is identified by th 
report is.to aim at maximizing the scientific value of current and 
planned drilling activlties of federal agencies and 'of industry, and 
supplementing these.efforts with holes drilled solely for, scientific 
purposes. Members of the committee are Eugene Shoemaker (chafrman), 
Lawrence Bonham, Charles Drake, James Eidel , .Howard Gould, Bob Greider, 
Charles Mankin, L. J. Patrick Muffler, Jack Oliver and Elburt Osborn; 
and Robert S. Andrews, staff. 

I Scientific objectives for the national Continental Scientific 
I 

Drilling Program will be formulated by committee panels, three of which 
currently exist-the panels on thermal regimes, on basement structures 
and deep continental basins, and on mineral resources. Panels will 

and drill hole information. 

the C o m T t e e  t o  communicate with the s c i e n t i f i c  community.. This DEW 

600 researchers from yniversities and other academic institutions, 
industry, government 1 aboratories, geoscience administrators", and geo- 

meetings and publications, and serve as a forum for interested scientists 

the DEW Newsletter is to announce early in the planning stage important 
opportunities for add-on investigations to drilling activities of govern- 
ment and industry and encourage collaborative efforts to the benefit of 
all ,concerned. To date, three DEW Newsletters h e been printed. 

The CSDC reviewed the scientific plan for add-on investigations to 
a drilling activity by industry in northern Illinois and issued a report, 
Comments of  the Continental Scientific Drilling Committee on the Document 
"Illinois Deep Hole Project-Preliminary Plan", in May 1980. Much of 

l 

l i 

I address the additional subjects of earthquakes, dri 1 1  ing technology, 
l I .  

I 

I A DEW (grilling Early EaPning) Newsletter has been established by 

I Newsletter will be periodically sent out using a mailing list o f  a E t  

committee's activities and scientific objectives, announce important 

to exchange information related to drilling. The most important role of 

i science societies. The DEW Newsletter will provide information on the , 

i 
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the research proposed i n  t h i s  plan has been completed by the inves t i -  

Geophysical Union i n  Baltimore, Maryland, i n  May 1981. 

The committee and the panel on thermal regimes have reviewed the 
Continental S c i e p t i f i c  D r i l l i n g  Program o f  the O f f i ce  o f  Basic Energy 
Sciences, Department o f  Energy, and have prepared a report,  Comments 
o f  the Continental Sc ien t i f i c  D r i l l i n g  Committee on the Department of 
Energy Of f i ce  o f  Basic Energy Sciences Continental S c i e n t i f i c  D r i l l i n g  
Pro ram. I n  t h i s  document, the CSDC reviews the Information and Data 
*ent Pro ject  and the Comparative S i t e  Assessment Project  o f  'the 
program . 

gators and was reported a t  the spring annual meeting of  the American c, 

, 

The panel on thermal regimes i s  preparing a repor t  f o r  the CSDC 
ten ta t i ve l y  e n t i t l e d  A National D r i l l i n g  Program t o  Study the Roots 
O f  Hydrothermal Systems Related t o  Young Magmatic Intrusions. 
report, the panel recommended a 10-year plan of s c i e n t i f i c  invest igat ion 
leading t o  bet ter  understanding o f  hydrothermal-magma systems, focusing 
on high-level s i l i c i c  caldera complexes, such as Valles Caldera, New 
Mexico, and the Long Val ley area, Cal i fornia.  
document, the panel organized a symposium, Magma-Hydrothermal Systems, 
f o r  the f a l l  annual meeting o f  the American Geophysi 
Francisco, December 1980. 

I n  t h i s  

I n  developing t h i s  

Union, i n  Sari ' 

.. 
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Contractor: NATIONAL ACADEMY OF SC I ENC 
NATfONAt RESEARCH COUNCIL 
Washington, D O C o  204 

lj 

Contract: OE-AT02-76CH93003 

T i t l e :  CO 

Person i n  Charge: 3. M. Berg, Jr. 

ology meets twice a yea 
relevant t o  seismology, 

i n  par t icu lar ,  the ac 
ns o f  the committee and 
a l thy  science which Ss 
the nat ion and t o  soci 

the fundamental mission 
follows: t o  main act ive surve i l lance o f  m a j  
and o f  developme ted  t o  seismology i n  a l l i e d  sc ient  

ec ia l  studies . f o r  government a 
blems, t o  maintain cognizance 

v ide advice on in te rna t iona l  seismological ac t f v i t i eb ,  t o  
t o  government agencies concerning the operation o f  U.S. G 
supported seismogr networks and data-dissemination f a c i  l i t i e s ,  and t 

al - re la ted a c t i v i t j e s  w i t h  
i n  the f i e l d s  o f  earthquak 

mechanics, geodesy, geodynamics, and geology. P 
conduct ad hoc studies on top ics speci f ied by the  committee. c 

are cu r ren t l y  w r i t i n g  repor ts  on t h e i r  t op i ca l  areas o f  study. 
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U Contractor: NATIONAL ACADEM 
NATIONAL RESEARCH' COUNCIL 

, Washington, D.C. 20418 

Contract: DE-A101-79ER10442 

Title: 

Person in Charge: J. W. Berg, Jr. 

Scope of Work 

mmittee on Geo 
scientific and technologi 
and improve those conditions that impede effective inte 
interactions in univer ties, industry,, and government agencies; to 

hrough which basic interdiscipljnary research 
nto  the long-range planning for major geo 

on Geological and Materials Sciences. 

ical and Materials Sci 
I area between these tw 

he need for regional and/or nati 
ties; to enhance interaction bet 

and materials scientists through conferences attended by professionals 
from diverse traditional discipf ines; to bring together 
members from these two fields who have no'pre-existing 
via lecture series that should complement workshops, symposia, I etc.; and 
to stimulate the' pub1 ication o f  state-of-the-art reviews with emphasis 
on interdisciplinary research opportunities. The stud onducted by 
members selected from academia, industry, and- governme report is 
expected during fall 19 

. .  . .  .. , . I  
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Plate interiors 

Comparative planet 
Continent-ocean ge 
Ancient suture bel 
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The a c t i v i t i e s  of the USGC and i t s  reporters are reviewed bya the  
committee a t  semiannual meetings. The cornnittee f ind ings have been 
published i n  progress reports f o r  the years 1975, 1976, and 1977. A l l  
other reports f o r  the years 1970-80 are unpublished. 

The USGC has been p a r t i c u l a r l y  ac t i ve  i n  encouring d r i l l i n g  on 
land f o r  s c i e n t i f i c  purposes. The USGC was instrumental i n  organizing 
the 1974 Workshop on Continental D r i l l i n g  tha t  l ed  t o  the repor t  Conti- 
nental D r i l l i n  (1975). The USGC organized a second Morkshop on Conti- 

f o r  S c i e n t i f i c  Purposes i n  1978, culminating i n  t h e  
repor t  Continental S c i e n t i f i c  D r i l l i n g  Program. The repor t  conclud 
importantly that, w i th  advance planning, a greater s c i e n t i f i c  re tu rn  
could be yielded, based on a r e l a t i v e l y '  small increased expenditure 
the ex is t ing  large investment: i n  d r i l l i n g  by government and indust ry  
The 1979 repor t  also recommended ' t h a t  a nat ional  Continental Sc ient i  
D r i l l i n g  Program be organized t o  f a c i l i t a t e  the necessary 
and coordination. As a r e s u l t  o f  the responsebby federal  
the repor t  recommendations, a Continental S c i e n t i f i c  ' D r i l l  i n g  Committee 
was created i n  January 1980 under the Geophysics Research Board. The ' 

committee ac t i ve l y  encourages the development o f  t h i s '  d r i  1 l i n g  program, . 
includinp add-on invest ibat ions i n  mission-oriented holes and holes - 
dedicated t o  basic s c i e n i i f i c  objectives.' 

e r les  of continent- 
ocean transects t o  def ine the nature o f  the t r a n s i t i o n  from stable 
continental c rus t  t o  oceanic. Guided by a USGC repor ter ,  t h i s  program 
involves 15 corr idors along the A t lan t i c  and Pac i f i c  coasts o f  the 
United States. Canadian and Mexican groups have jo ined the e f f o r t ,  
which w i l l  r e s u l t  i n  a North American program o f  transects. 

I n  1980, the USGC appointed a repor ter  and associated working 
group t o  ensure coordination among major .geodynamics-re1 ated programs, 
especia l ly  the Circumpacific Map Project, Consortium f o r  Continental 
Ref lect  ion Prof  i les  (COCORP ) , Continental S c i e n t i f i c  D r  i 1 1 i n g  Program, 
Cont i nent-Ocean Transects, Ear ly  Crust a1 Evolution, J o i n t  Oceanograph,ic 
I n s t i t u t i o n s  Inc. (JOI), Gravi ty Anomaly Map f o r  North America, LASE, 
Magnetic Anomaly Map f o r  North America, Tectonic Map o f  North America, 
and the USGS Geological Framework Program. ' , 

The committee also emphasizes three broad areas not encompasse 
by any one reporter: increased emphasis on the continents, increased 
emphasis on processes and propert ies o f  the- earth 's i n te r i o r ,  and appl i -  
cat ions o f  geodynamics t o  p rac t i ca l  problems. The USGC i s  c 
the d e s i r a b i l i t y  o f  organizing a workshop on the p r  
1 ithosphere. 

The In ternat ional  Union o f  Geodesy and Geophys 
nat ional  Union o f  Geological Sciences ate developing an internat ional ,  
program o f  geodynamics f o r  the 1980's as' a SUC 
Project, which formal ly  ended i n  December 1979 
e n t i t l e d  Dynamics and Evolut ion o f  the Lithosphere: The Framework f o r  
Earth Resources and the Reduction o f  Hazards. 

The USGC has encouraged the preparation o f  

sor t o  the Geodynamics 
The new program i s '  

In ternat ional  guidance 
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i s  provided by the In terunion Commission on 'the Lithosphere. The 
secre tar ia t  o f  t h a t  commission i s  located i n  the United States; basic 
support f o r  the  p rac t i ca l  operation o f  the secre tar ia t  i s  provided 
through the USGC. The in te rna t iona l  program i s  developing i n  response 
t o  the recommendations o f  the US6C. I n  par t i cu la r ,  the emphasis has 
s h i f t e d  toward the  continents and the continent-ocean t r a n s i t i o n  f o r  
reasons o f  s c i e n t l f i c  and soc ie ta l  relevance, espec ia l l y  i n  the areas 
o f  resources and natura l  hazards. 

L. Anderson, Hubert L. Barnes, Bruce.A. Bolt,  Francis R. Boyd, B. 
Clark Burchf ie l ,  David B. MacKenzie, Jack E. Ol iver,  David W. Scholl, 
and Hamut A. Spetzler. 

Members o f  the committee are John C. Maxwell (chairman), Don ' 



L, Contractor: NATIONAL ACADEMY OF SCIENCES/ 
NATIONAL RESEARCH COUNCIL 
Washington, D.C. 20418 

Contract : To be assigned 

T i t l e :  V I . $  U.S. National Committee f o r  

Person i n  Charge: W. L. Pe t r i e  

Scope o f  Work 

functions: 
nat ional  Association o f  Geochemistry and Cosmochemistry (IAGC), repre- 
senting the United States i n  appropriate in te rna t iona l  organizations 
and a c t i v i t i e s  concerned with geochemistry, and i t  acts t o  promote the 
advancement o f  geochemistry i n  the United States. 

the United States who acts i n  an ex o f f i c i o  capaci ty as a coordinator 
who works c lose ly  w i th  the IAGC; George W. Wether i l l ,  o f  t he  Carnegie 
I n s t i t u t i o n  o f  Washington and the  immediate past president o f  the 
IAGC, now holds t h a t  posi t ion.  Other U.S. members o f  the IAGC Council 
include Ernest E. Angino (Univers i ty  o f  Kansas), treasurer, and Ivan 
Barnes (U.S. Geological Survey, Menlo Park, Ca l i fo rn ia ) ,  counci lor. 

spr ing meeting o f  the American Geophysical Union and the annual f a l l  
meeting o f  the Geological Society o f  America. 
o f f i c i o  and l i a i s o n  members and l i a i s o n  representatives from government 
agencies, inc lud ing the U.S. Geological Survey, the  Department o f  Energy, 
and the National Science Foundation. The U.S. National Committee f o r  
Geochemistry regu la r l y  reviews and acts on repor ts  on IAGC a c t i v i t i e s  
as we l l  as special repor ts  on a v a r i e t y  o f  geochemical topics. 

The committee supports the I A G C  and i t s  counci l  by paying corporate 
annual dues, nominating both the IAGC o f f i ces  and counci l  and appointing 
the NAS delegation t o  IAGC general assemblies and counci l  meetings, and 
organizing and administering the t rave l  grant program which aids the 
ablest  young geochemists t o  attend the  IAGC General Assembly and t o  pre- 
sent t h e i r  papers a t  the quadrenni a1 In te rna t iona l  Geological Congress 
( IGC)  t h a t  convenes concurrently. The, most recent I G C  met i n  Par is  i n  
1980; the next such meeting i s  scheduled f o r  Moscow i n  1984. 

The committee informs members o f  advances i n  geochemistry, sponsors 
s c i e n t i f i c  meetings, and establishes ad hoc subcommittee: o r  panels, as 
appropriate, t o  repor t  on t ime ly  top ics  concerning geochemists both i n  
the United States and abroad., For example, the committee in te rac ts  w i t h  
the U.S. Geodynamics Pro ject  v i a  geochemists assigned t o  repo r t  on 
speci f ic  top ics o f  in terest ,  reviews documents re1  ated t o  radioact ive- 

The U.S. National Commi ee fo r  Geochemistry has two major 
It acts as the corporate U.S. member adhering t o  the I n t e r -  

The committee includes a member o f  the I A G C  Council l i v i n g  i n  

The committee meets twice a year, usua l l y  i n  conjunction w i th  the 

I n  attendance are ex 

* 

waste disposal, and arranges workshops, such as t h a t  e n t i t l e d  "Basic - 
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Research i n  Organic Geochemistri Applied t o  National Energy Needs," 
he ld  a t  the Un ivers i ty  o f  South Florida, S t .  Petersburg, i n  December 
1980. A study e n t i t l e d  the "Future o f  Geochemistry" i s  planned as a 
sequel t o  "Orientat ions i n  Geochemistry" (1973), c by the Panel on 
Orientat ions i n  Geoc o f  R. M. Garrels. 

terms are normally 
3 years, one-third o f  those terms exp i r ing  annually i n  June. The 
,current membership o f  the U.S. National Committee f o r  Geochemistry i s  
Rosemary J. Vidale (chairwoman), V. Rama Murthy (vice-chairman),. Robert 
A. Berner, Maria Luisa 5. Crawford, Everet t  A. Jenne, Ke i th  A. Kvenvolden, 
James 3. Papike, Werner J. Raab, Arthur W. Rose, and W i l l i a m  M. Sackett. 

' 

Under the  organ 
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Contractor: . STATE UNIVERSITY OF NEW YORK 
i Albany, New York 12201 

I Contract : 

I Title: 

1 

I ' 
I Sedimentary Basins: A Pilot Study in the ' ,  

Austro-alpine Nappes of Eastern Switzerland 
and Permo-Carboniferous Basins 

I 
i 

I 

Scope of Work 

L' 

Stretching and thinning the continental crust is critically impor- 
tant in the maturation, migration, and accumulation of  hydrocarbons in 
and around rifts and sedimentary basins. 
stretched crust/l ithosphere leads to rapid synchronous subsidence, 
providing a basin for sediment accumuldtion which causes further subsi- 
dence. 
6, 
sediment pile, producing conditions under which hydrocarbons mature 
dnd begin to migrate into basin flanks. Subsequent to the stretching 
phase, thermal reequilibration and thickening of the lithosphere are 
accompanied by an exponentially declining subsidence rate and lessening 
fault control on thinner sedimentary sequences. 
paleoslopes develop, by differential subsidence, up which hydrocarbons 
migrate considerable distances into the flanks and adjacent platforms of 
sedimentary basins. 

Isostatic adjustment of the 

During this stage, the isotherm spacing is reduced by the factor, 
and heat flow increases in both the crust and rapidly accumulating 

During this phase, 

In such basins as the North Sea, the Pennsylvanian-Permian basins 
of Texas and Oklahoma, and rifted continental margin basins generally, 
the stretched continental basement is buried beneath a thick sedimentary 
sequence and is therefore inaccessible to direct study. Hence, in such 
basins, the stretching factor, B ,  must be inferred from the geometry 
and timing of the sedimentary infill. 
extensive deep well penetration to basement and where the timing of 
the early parts of the sedimentary infill are known with reasonable 
precision, the stretching/thermal history may be reconstructed with 
considerable confidence. Problems arise, however, from unknown or 
poorly known thicknesses and sedimentation rates in the early rifting 
phase of many basins. Furthermore, the geometry of, and mechanisms by 
which stretching occurs in such basins are not known. The extent to 
which mafic dikes play a role in the extension process needs to be known, 
as well as the geometry of faults in the deeper crust, the relation 
between shallow fissuring and normal faulting, and the extent and depth 
of fluid migration during the stretching process. 

with the southern Alps, represents the thinned continental crust of the 
southern margin of the Alpine trough whose demise led to the growth of 

In some basins, where there is 

The Austro-Alpine nappe' complex of eastern Switzerland, together 
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the Alps. Bot the continental basement and the c er are exceedingly 
well exposed in eastern Switzerland. By detailed and systematic struc- 
tural mapping in parts of the Austro-Alpine Nappes, it will be possible 
to reconstruct, with great precision, the stretching factor, B ,  and its 
variability across the basin margin from which the subsidence and 
thermal history o f  a large rift complex can be deduced. From the 
results of this analysis, it will be possible to derive a basic picture 
o f  the mechanical behavior of the stretched crust-lithosphere during 
the attenuation process and a knowledge of 1 ithospheric behavior during 
the prolonged period o f  Jurassic-Cretaceous cooling. A systematic and 

strati graphic-s tructural- 
ental Pennsylvanian-Permian 
lahoma .and will be. inte- 
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Contractor: , STATE UNIVERSITY OF NEW YORK 

Stony Brook, New York 11794 

Contract: , ' OE-AC02-79ER10412 

T i t l e :  

Person i n  Charge: 

program studies 
carbonate rocks by the i n t rus ion  of a g r a n i t i c  stock. The carbonate 
rock i s  dominantly CaC03; the g r a n i t i c  rock i s  r i c h  i n  S i0  and Al2O3, 

strong chemical contrast between gran i te  and carbonate rock provides an 
ideal  s i t u a t i o n  fo r  element migrat ion down chemical po ten t i a l  gradients. 
This inves t iga t ion  was undertaken t o  determine the magnitude o f  major 
and trace element migrat ion over geo log ica l l y  s i g n i f i c a n t  periods o f  
time i n  a deep c rus ta l  environment. 

intrudes Cambrian limestones and shaly limestones i n  western Utah. A 
t o t a l  pressure of 2 KB has been estimated based on the amount o f  s t r a t i -  
graphic overburden a t  the time of the intrusion. The temperatures o f  
peak metamorphism are based on a l eas t  squares f i t  o f  t he  experimental 
2 KB calcite-dolomite data o f  Goldsmith and Newton (1969). The tempera- 
t u r e  estimates are - 45OoC f o r  the medium grade limestones (ca lc i te ,  dolo- 
mite, quartz, ta lc ,  t remol i te)  and - 550% f o r  the highest grade rocks 
(ca lc i te ,  dolomite, diopside, f o r s t e r i t e ,  t remol i te ) .  F i f t y - t w o  samples 
have been analyzed f o r  major, minor and t race  elements by X-ray Fluoroscopy 
(XRF) and Neutron Ac t iva t ion  Analysis (INAA). The chemical data on a l l  
samples have been run through a f a c t o r  analysis program and co r re la t i on  
coe f f i c i en ts  f o r  t en  major and s i x  t race  elements have been calculated. 
The elements S i ,  A l ,  K, Na, Fe, T i ,  Y, Rb, Th, and Ga show strong pos i t i ve '  
cor re la t ions  w i t h  each other and strong negative cor re la t ions  w i th  Ca and 
S r .  This suggests t h a t  a large po r t i on  o f  the variance i n  chemistry may 
r e s u l t  from mixing an argi l laceous and a calcium carbonate componeot dur ing 
deposition. However, - p l o t s  o f  element abundance r a t i o s  against sample loca- 
t i o n  f o r  a given l i t h o l o g i c  u n i t  show systematic trends o f  enrichments o r  
depletions w i th  p rox imi ty  t o  the intrusion. For example, the K OfRb r a t i o  
shows a systematic v a r i a t i o n  w i t h  metamorphic grade i n  t h  a rg i  P laceous 

samples. The higher grade samples show smaller r a t i o s  o f  1.8 t o  2.4. 
This suggests an enrichment o f  Rb r e l a t i v e  t o  K i n  the higher grade samples 
w i th  possible'Rb addi t ion from the stock. Continued study i s  necessary t o  
discr iminate between primary composi t i o n a l  var ia t ions  .and granite-to- 
sediment transport.  

west Laboratories) who i s  conducting the NAA ( INAA plus RNAA) analyses. 

and i s .  r e l a t i v e l y  enriched i n  rare-earth and other t race  e f ements. The 

The l a t e  Jurassic Notch Peak stock, a p o r p h y r i t i c  quartz monzonite 

samples. The r a t i o  ranges from 2.6 t o  3.7 (yt.%/ppm x 10 5 ) i n  low grade 

This work i s  i n  col laborat ion w i th  3. C. Laul (Ba t te l l e -Pac i f i c  North- 
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Contractor: PENNSYLVANIA STATE UNIVER 
I ,  * Department o f  Geosciences 

i --u Univers i ty  Pa 
I 
1 
! Contract: DE-AC02- 80ER 10762 
1 T i t l e :  

Person i n  Charge: 

Scope o f  Work 

The compressive strength o f  a b r i t t l e  c r y s t a l l i n e  rock i n  constant 
s t r a i n  r a t e  t e s t s  i s  not  a unique func t ion  o f  temperature and conf in ing 
pressure, bu t  depends s t rong ly  on the p a r t i a l  pressure o f  water within 
the sample. For example, the strength o f  g ran i te  loaded i n  un iax ia l  
compression decreased 50 percent when the p a r t i a l  pressure o f  water i n  
the t e x t  environment was increased from approximately mb t o  103 mb. 
This moisture s e n s i t i v i t y  i s  due t o  the chemical e f f e c t  o f  water on the  
cracks w i t h i n  the rocks. The basic mechanism o f  deformation and f a i l u r e  
i n  b r i t t l e  rocks i s  the opening and subsequent growth o f  cracks, both 
along gra in  boundaries and through ind iv idua l  grains. I n  the presence 
o f  water, rocks undergo stress corrosion cracking; t h a t  is ,  strong Si-0 
bonds are hydrated t o  form weaker Si-OH bonds. The high t e n s i l e  stress 
a t  the crack t i p s  accelerates t h i s  corrosion reac t ion  which i n  t u r n  
f a c i l i t a t e s  the propagation o f  the cracks a t  a much lower stress than 
would be expected f o r  the v i r g i n  mater ia l .  The ove ra l l  e f f e c t  o f  s t ress 
corrosion a t  crack t i p s :  i s  t o  reduce the strength o f  b r i t t l e  materials, 
tested a t  a constant s t r a i n  rate, as the moisture content i s  increased. 

Although small var ia t ions i n  p a r t i a l  pressure o f  water may s i g n i f i -  
can t l y  in f luence rock f a i l u r e  i n  the lower crust, i t  i s  not  a t  a l l  c l ea r  
how important t h i s  i s  f o r  shallow c rus ta l  regions where the rocks are 
fully saturated wi th  water. What may be important are var ia t ions  i n  
pore water pressure a t  h igh temperture. Pore water pressure i n  shallow 
c rus ta l  rocks may have a chemical e f f e c t  analogous t o  the  p a r t i a l  
pressure o f  water e f f e c t  on rocks tested i n  un iax ia l  compression i n  a 
gaseous environment; t h a t  is, f o r  a f i x e d  e f f e c t i v e  conf in ing pressure, 
the e f f e c t i v e  s t r e  

The E f fec t  of S t ra in  Rate and Stress Corrosion 
on the Long-Term Strength of Crystal  1 ine Rocks 

R. J. Mart in  

I 

i 1 
i 
1 
i 
I 
I 
I I 
1 creases . I 
1 

h o f  the'rock decreases as the pore w 

1 

I A laboratory  has been organized t o  inves t e  the re la t i onsh ip  
1 tween rock s t rength s t r  n rate,  temperature, and pore pressure. A 

ser ies o f  constant s t r a i n  ate tes ts  on gran i te  are underway a t  an 
e f f e c t i v e  conf in ing press e of 300 bars a t  temperatures between lOOoC 
and 400% 

f racture.  Presently, d i s t i l l e d  water i s  used as a pore f l u i d .  

I 

The rocks w i l l  be loaded a t  s t r a i n  ra tes  from 10-5 t o  
10-1 sec' i . Each experiment ,consists o f  f i v e  loading cycles p r i o r  t o  ! 

1 1 

j 

1 I 

The r e s u l t  o f  t h i s  research program w i l l  be a descr ip t ion o f  rock 
I s a func t ion  o f  temperature, s t r a i n  rate,  and pore water 
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pressure a t  an effective conf in ing  pressure of 300 bars. Such informa- 
t i on  is essential if extrapolation of fracture strength over tens o f  
thousands of years i s  t o  be obtained. Furthermore, these results will 
serve as a framework for future tests on the s t a t i c  fa t igue of the same 
rock over the same temperature range. 
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Contractor: -u . 
Contract: 

T i t l e :  

Person i ge: 

The purpose o f  t h i s  research program i s  t o  invest igate deep bu r ia l  
diagenesis i n  carbonate rocks w i th  emphasis on the evolut ion o f  rock 
textures; !mineralogy, and poros i ty  w i th  depth, -Speci f ic  inves t iga t ive  
problems include the d i f f e r e n t i a l  -behavior o f  dolomites and 1 imestones 
under deep bur ia l ,  the r o l e  o f  f rac tu re  i n  poros i ty  formation a t  depth, 
the re la t ionsh ip  o f  experimental ly induced rock compaction textures 
versus those i n  a geological ' s i tua t ion ,  and the pergistence o f  poros i ty  
under deep bu r ia l  conditions. The l a t t e r  i s  p a r t i c u l a r l y  important, 
since it may provide l im i ta t i ons  on 

I 

' 

0 which po ten t ia l  hydrocarbon 

o r  o i l  extending deeper i n t o  sedi- 
bu r ia l  diagenesis i n  sedimentary 
ont inuing research, rep lac ing the 

w i l l  provide 

Samples f o r  study are avai lab le from wells i n  the Anadarko 
g u l f  Coast Basin, and the Delaware Basin, extending t o  depths i n  excess 
o f  30,000.feet. Sequential samples o f  both dolomites and limestones 
w i l l  be selected downhole i n  order t o  study diagenetic changes w i th  
depth. The samples chosen come from basins where there i s  adequate 
contro l  on thermal and b u r i a l  h istory.  Experimental compaction tes ts  
w i l l  a i d  i n  extending. and dup l ica t ing  informat ion gained from geological 
s i tuat ions.  

1 ; 



Contractor: UNIVERSITY OF SdU LJ Department o f  Marine Science 
St .  Petersburg, F1 

Contract: DE-FG05-81ER10800.AOOO . .  
T i t l e :  Basic Research i n  

Person i n  Charge: 

Scope o f  Work 

t o  National Energy Needs 

W. M. Sackett 

. .. 
I n  order t o  determine what the organic geochemistry community can 

undertake as a group t o  help a l l ev ia te  nat ional  energy problems, a work- 
shop was held December 15-17, 1980, a t  the Un ivers i ty  o f  South Florida, 
S t .  Petersburg. The workshop was attended by. geochemists from industry, 
academia, .and governmental agencies. The object ive of t h i s  workshop 
was t o  def ine the problems associated w i th  the discovery and e f f i c i e n t  
u t i l i z a t i o n  o f  carbonaceous fue l s  and t o  design s t ra teg ies f o r  solv ing 
these problems and minimizing the environmental impact o f  production 
and u t i l i z a t i o n  ac t i v i t i es .  These objectives were addressed i n  t h r e  
subgroups (exploration, exploi tat ion,  and environmental impacts) fo l low- 
ing  plenary sessions i n  which background p,apers were given by i n v i t e d  
authors. Fol lowing del iberat ions i n  the subgroups, the e n t i r e  group 
reconvened and discussed t h e i r  f indings and recommendations. The sub- 
group del iberations, summary of recommendations, and overview w i l l  be 
published i n  l a t e  spr ing 1981. 

* 
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I Contractor: SOUTHERN METHODIST UNIVERSITY 
Department o f  Geological S t  i ences- 

, z  
W Dallas, Texas 75 

Contract: 

‘ T i t l e :  Anneal i ng  f o r  Geot 
Models i n .  the  Pac i f i c  Northwest 

* ,  

Persons i n  Charge: David D. Blackwell and Ian  J. Duncan 

, -  

const ra in ts  provided 
s wi th  thermal models. Heat f l ow  
.in t h a t - - i t  involves t rans ient  
The ambiguity t h a t  t h i s  introduces 

he t ime-temperature 
Re-evaluation ‘of experi-’ 
r g ies  an3 other informa-, 

ses o f  annealing tracks. These r a t e  laws w i l l  
n to  a program t h a t  calculates the r e l a t i v e  t rack 

mental annealing data w i l l  provide a c t i  

method f o r  evaluat ing the geological t ime sc 
processes. For example, by us ing-k  
t o  constrain. simple thermal models, 
i n  and around the  Yafles Caldera of 
heating up. In contrast, the appl icat ion of ,  the  simple thermal models 
t o  temperature-depth data alone, from d r i l l  holes i n  t h i s  area, r e s u l t s  

be- in fer red t h a t  t h e  area 
n New Mexito . is cu r ren t l y  
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Contractor: 

Contract: 

STANFORD UNIVERSITY 
Stanford, Cali u 
DE-AT03-76ER71045 

i 
I 
I Title: I. Porosity with Fluids: Origin and Effects 

Person in Charge: 

Scope of Work 

porosity, pore pr ssure, and gas on physical properties of. fissured and 
porous rocks with fluids are fundamental to the formation and utiliza- 
tion o f  energy. and mineral resources. By measuring r k properties and 
processes at the physical conditions which prevail in he upper and 
middle crust o f  the earth, we can better understand t aPP1 ications of 
geophysical methods to fossil fuels and geothermal exploratio 
shallow crust. The studies include the following: 

~ 

I 
on Physical Properties of Crustal Rocks 

~ 

1 A. M. N 

The processes o f  porosity and crack healing ana the ef 

o Relation between partial n and amplitude, and 
attenuation and velocity of P and S w ves, This study ex 
the dependence o 
steam saturation 
occurs at 70% w 

ave attenuation Q-f on'the d 
re1 iminary results show tha 
30% steam in the pore space 

. ties Vp, Vs, and ip/Vs show a dependence on saturation that is 
different than Qt or Q;1. Thus, simultaneous measurement 
of Qp, Qs, V , V in situ may provide esti 
of gas versu! wager in the rocks. 

permeability, and velocities in ,cracked rock. Wave velocities 
and attenuation in rocks are sensitive to the surface area 
density (pore surface area divided by pore volume) of the pore 
spaces. Hydraulic permeability in rocks i s  related to these 
same factors, but not necessarily i n  the same way. Thus, seis- 
mic properties of rocks are related to hydraulic permeability. 
Therefore, the. interrelation between permeability, velocity, 
and attenuation is studied in rock by measo g its properties 
as a function of confining pressure, pore p sure, and tempera- 
ture of particular interest are rocks wi€h known crack densiti 

, and other characteristics when under the influence o f  pore 
pressure. The results may provide the means for estimating in 
situ pore pressure from precise seismic measurements, and 
estimating hydraulic permeability from these data. 

AppTications to resource exploration and evaluation in the 
earth's crust. The distribution of pure pressure in the 
earth's crust and the associated hydraulic permeability are 
studied, By combining theoretical models and experimental 
results, compressional and shear velocities are calculated 

o Relation between wave attenuation, 

- 

o 

W 
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as a function of depth in the crust. xample, low crustal 
velocity zones are eXpl ai ned in terms gh pore pressures. 
High wave attenuat on is also explained by high pore pressure. 
Combining the results with electrica resistivity data, it 
appears that extensive high pore pre ure regions may exist 

These zones could be deep geothermal 

U 

, 
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Contractor:. . STANFORD UNIVERSITY 

Contract: ’ ’ DE-ATO3- 76ER7 1045 

T i t l e :  11. Seismic Ve loc i t y  Var ia t ions and A t t  i o n  

Person i n  Charge: 

Scope o f  Work 

The measurements are being completed f o r  the compressional and 
shear ve loc i t i es  and at tenuat ion i n  wel ls  i n  the  East Mesa geothermal 
area i n  order t o  determine the temperature dependence o f  compressional 
and shear ve loc i t i es  measured w i t h i n  and outside the  reservoir ,  the 
e f fec ts  o f  temperature and f rac tu re  densi ty  on at tenuat ion o f  compres- 
s ional  and shear waves, and the va r ia t i on  o f  Poisson’s r a t i o  w i t h  depth 
within the reservoir .  A v e r t i c a l  P and S wave v e l o c i t y  and at tenuat ibn 
p r o f i l e  i s  obtained by lowering three component geophones down the wel l .  
This provides knowledge o f  rock propert ies i n  an a r e a w i t h  known rock 
and reservo i r  conditions, thus prov id ing v i t a l  in format ion i n  convert ing 
seismic data i n  general i n t o  reservo i r  rock propert ies.  

I n  par t i cu la r ,  successful r e s u l t s  i n  the  f i e l d  would no t  on ly  
establ ish the usefulness o f  at tenuat ion measurements t o  i n f e r  the s ta te  
o f  porous rock i n  s i t u  but provide a powerful, ye t  r e l a t i v e l y  inexpen- 
sive, means f o r  de l fneat ing geothermal reservoirs,  Future appl icat ions 
t o  pressurized reservo i rs  arid deep gas reservo i rs  are a lso envisioned. 

Stanford, Connec 

to-Del ineate Geothermal Reservoirs 

R. L. Kovach and A. M. Nur 



Contractor: TEXAS A&M UNIVERSITY 
-tJ College Station, Texas 77843 

, Center for Tectonophysi 

Con tract : 

Title: out Properti Rocks 
igh Temperatures and 'Pressure 

Person in Charge: M.' Friedman 

Scope of Work 

The purpose of this study is to determine the effects of high 
temperatures and pressures on the mechanical and transport properties 

hree specific. tasks are addressed: the physical nature o f  
t depth; fracture per eabi 1 i ty .of crystal 1 ine rocks as a 

function of pressure, temperature 
mechanical properties of 

ydrothermal alteration; and 
temperatures and ,pressures. 

The primary goals of this research ar to determine the fracture 
state and frac e stress under simulated onditions at depth 
where thermal 1 
the boundary in pr'essure, temperature, strain rate, and stress 

ctivated processes are apt to play a major role; 

space between el astic-bri ttle and trans lent semi bri ttle 
for selected isotropic and anisotropic crystal line rocks 
in both hydrous and anhydrous environments; the corresponding 

transient flow laws; the physical nature of fractures, to the 
atomic level, in the semibrittle regime; and the nature of the 
comparison between the experimentally and naturally defomed 
rocks. Results of this work are.npeded to better understand 

the crystalline 
mplementation of 

functional relations 

i , k, and R are constants actjvation energ 
1 11s in the range rom our data at 25oC and 

to 10.3 kcal/mole, values exDected on,the bas is  o f  low t o  .rnndwatp 
I 

Li 
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temperature transient cre crystal 1 ine rocks (Carter and 
Kirby, 1978) . G 

CreeR experiments on blesterly granite have been performed at 
higher temperatures, in the range 470oC to 767oC, constant stress 
differences of 6.0 to 1.2 GPa, all at a confining pressure of 
1.0 GPa. Preliminary fits to th gh-temperature transient and 
steady state creep data are i 

. 

E = 7 x 1 0  -' 0 2*2t0*5 e~p(-30.5/RT.10-~) ' -.- (2) t 
i: S = 1.4 x 10-g02*9 e~p(-25.3/RT.10-~) 

Preliminary new creep results for Quadrant and Sioux quar 
also yield an activation energy near 28 kcal/mole, 8 kcal/mole 
lower than the estimate by Koch et al. (1980). These close corres- 
pondences in activation energies of quartz and granite, together 
with 'microstructural evidence that quartz is the most highly 
deformed mineral in experimentally' and natural ly 
suggest that quartz defor 
granitic rocks. 

ontrol the c 

B. 
nson) 

The long-term objective is to measure and understand the 
variation of fracture permeability of several typical crustal 
crystal1 ine rocks resulting from hydrothermal reaction with through- 
flowing distilled water and aqueous solutions of Na2CO3, NaC1, and 
NaCl/MgC12 at temperatures to 3OO0C, fluid pressures to 30 MPa and 
effective pressures to 70 MPa. The experiments are designed to 
allow better understanding of the processes of dissolution and 
secondary mineral formation and hob each of these processes affects 
the change of permeabi 1 ity *during hydrothermal a1 teration. Our 
work during/this contract year has concentrated on developing 
methods o f  quantitatively characterizing rough fracture surfaces; 
measuring at room temperature the permeabi 1 i ty of Ins imul ated" rock 
fractures (a monolayer of glass microbeads sandwiched between the 
faces of a steel spl it-cylinder) ' and comparing the results to 
predictions of theoretical models of contacting rough surfaces, 
and studSes of the hydrothermal alteration of westerly granite in 
NaCl and seawater solutions and Sioux quartzite in NazC03 solutions. 
These experiments have focused on the changes of surf ace asperity 
characteristics arising from dissolution. The elevated-temperature 
permeability system was also designed and construction was started. 

In the coming contract year-these studies will continue with 
emphasis on obtaining a quantitative understanding of dissolution 
processes and hoh dissolution modifies fracture-asperity character- 
istics, and measuring the variation'of the fracture permeability 
of Sioux quartzite at elevated temperatures and evaluating the 

r- 
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! r e l a t i v e  importance o f  the d isso lu t ion  o f  'load-bearing asper i t ies  
(e.g., pressure so lut ion)  versus d isso lu t ion  o f  non-load-bearing 
regions . 

C. 
I U  

Energy ex t rac t ion  from the -geothermal -regime above bur ied magma 
chambers requires t h a t  rocks be d r i l l a b l e  and boreholes be stable 
t o  depths o f  10 km and a t  temperatures tha t  approach those o f  
p a r t i a l  melting, According'ly, the instantaneous f a i l u r e  s t ren  
and duc t i  1 i t y  o f  room-dry and water-saturated cy1 i n d r i c a l  specimens 
o f  charcoal granodior i te  and Mount Hood andesite are determined a t  
a s t r a i n  r a t e  o f  10-4 s-1, a t  e f fec t i ve ' con f in ing  pressures o f  o 
and 50 MPa, and a t  temperatures t o  p a r t i a l  melting. 

Data from water-saturated specimens o f  the granodior i te  and 
andesite compared t o  room-dry counterparts ind ica te  t h a t  the pore 
pressures are essen t ia l l y  communicated throughout each t e s t  speci- 
men so t h a t  the pressures are e f fec t i ve .  A t  e f fec t i ve  conf in ing 
pressures (P ) o f  and 50 MPa the granodior i te  does not water- 

e e f fec t i ve  pressures, the more porous and 
f iner-grained -andesite begins t o  exh ib i t  water-weakening a t  abo 
600%; a t  Pe = . O  and 870% - 9OOoC, the andesite's strength aver- 

whereas d ry  specimens a t  the same P and T e x h i b i t  .a 
100 MPa; a t  Pe = 50 MPa and 920oC, the andesite wet 
45 MPa compared t o  160 MPa dry. The duc t i  

water-saturated specimens deformed a t  temperatures l es  
o f  me l t ing  e x h i b i t  u l t imate  strengths a t  less than 3% 
and then work-soften along fau l ts ;  t h a t  is, l i k e  t h e i r  d ry  counter- 
par ts  the rocks remain b r i t t l e  up t o  the onset o f  melting. Both 
d ry  and wet spec-imens deform p r i m a r i l y  by microscopic f ractures 
t h a t  coa1esc.e i n t o  one o r  more macroscopic fau l ts ,  and the  temper- 
ature f o r  i n c i p i e n t  mel t ing o f  the andesite i s  decreased %150OC 
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r y s t a l l f n e  rocks should be 
u n t i l  p a r t i a l  mel t ing occurs; 

h temperature because there i s  
rac tu re  strength; boreholes i n  
o >10 km a t  temperatures <Tm; 
ven open boreholes i n  granodi- 

en boreholes in,the 
s im i la r  temperatures , 
on i n t a c t  specimens 

bur ied magma cham- 
i 1 ized by keeping 

them as cool as possible and w i th  a borehole pressure equivalent 
t o  t h a t  o f  a column o f  water a t  25OC, 
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Contractor: UNIVERSITY OF TULSA 
I 

Tulsa, Oklahoma 74104 

I T i t l e :  ra l 'Gas i n  the Deep Subsurface 

Contract: 

I n Charge: C. Barker, M. K. Kemp, and K. A. Ku 

Scope o f  Work 

The components o f  natural  gas are reac t ive  i n  the  deep subsurface 
and may not  survive under a l l  condit ions. '  The. s t a b i l i t y  o f  natura l  gas 
i n  reservo i rs  of various l i t ho log ies  i s  being studied using- a combined 
theoret ica l  and experimental approach. ' 

A computer program has been developed using r e a l  gas data t o  
ca lcu late equi l ibr ium i n  multicomponent (up t o  50), multiphase (up t o  
30) systems simulat ing subsurface condit ions t o  12 km (40,000 
This program invest igates the s t a b i l i t y  o f  hydrocarbons i n  sa 
reservo i rs  by f i r s t  considering clean sands and then sequent ia l ly  
adding feldspars and clays, carbonate cements, and i r o n  oxides. I n  a l l  
cases, e q u i l i  brium compositions have been computed f o r  low, average, 
and high geothermal gradients; hydrostat ic  and 1 i t h o s t a t i c  pressures; 
and w i th  and without graphite. Graphite i s  present when deep gases are 
generated by cracking with o i l  but  i s  absent i n  reservo i rs  o r i g i n a l l y  
f i l l e d  w i th  dry gas. S im i la r  ca lcu lat ions have been made for  l imestone 
and dolomite reservo i rs  w i t h  various combinations o f  clays, i r o n  miner- 
als, anhydrite, and sul fur ,  again w i th  and without graphite. Natural 
gas shows considerable s t a b i l i t y  i n  sandstone reservo i rs  under most 
conditions, but i t s  concentration i n  deep carbonates i s  much more va r i -  
able and tends t o  a hydrogen s u l f  ide-carbon dioxide (H2S-CO2) mixture 
except when an appreci ab1 e concentrat i o n  o f  i r o n  i s present. 
i s  present a t  the 1 t o  2% leve l  f o r  most l i tho log ies .  

Gases associated w i th  samples co l lected from deep wel ls i n  the  
Anadarko Basin, Oklahoma, and the False River, Louisiana, area have 
been analyzed f o r  organic and inorganic components using a multicolumn 
gas chromatograph. I n  general, these gases are var iab le mixtures of 
methane, carbon dioxide, and nitrogen. Only small quant i t ies  o f  gas 
were released by crushing i n  the Tef lon b a l l  m i l l ;  i n  most cases, 
s e n s i t i v i t y  f o r  minor components, especia l ly  hydrogen, i s  too low. 
To improve ana ly t i ca l  capabi 1 ity, a mass spectrometer-thermal release 
system i s  being insta l led.  This w i l l  permit analysis o f  gases trapped 
i n  f l u i d  inclusions i n  l a t e  stage cements and el'lminate complications 
due t o  p a r t i a l  gas loss dur ing sample re t r i eva l .  

90 



Contractor: WOODS HOLE OCEANOGRAPHIC INSTITUTE 
Woods .-Hole, Massachusetts 02543 v 

Contract : EG- 77-S-02O4392 

T i t l e :  Organic Geochemlstry o f  Outer Continental 
Margin and Deep Ocean Sediments 

Scope o f  Work 

Hydrocarbon generation from the maturation o f  organic matter i n  
sedimentary rocks and i t s  loss from these rocks by various m 
mechanisms i s  being fol lowed i n  w e l l s - d r i l l e d  along the U.S. 
and the North Slope, Alaska.< The ob jec t ive  i s  t o  determine’ 
and quant i t ies  of hydrocarbons generated a t  d i f f e r e n t  depths from rocks 
o f  varying 1 i t ho log ies  and organic character. Carbonium i o n  cracking 
reactions a t  low temperat es ( <  1500C) r e s u l t  i n  d i s t r i b u t i o n s  o f  
hydrocarbon .products t h a t  r e  d i f f e r e n t  from f r e e  r a d i c a l  reactions . a t  

chalk i s  being made t o  determine t o  what extent carbonates can act  as 
both source and reservo i r  rock and how the composition o f  crude o i l  

1 



Contractor: YALE UNIVERSITY 
Department o f  Geology and Geophysics G Box 6666 Yale S ta t ion  
New Haven, Connecticut 

Contract: ' OE-AS02-79ER10445 . 

T i t l e :  Experimental Study o f  

Person i n  Charge: 

Scope o f  Work 

advancing through rock. Processes i n  the d i l a t a t i o n  zone determine the  
form o f  the f r a c t u r e  surfaces and the amount o f  rock debr is generated 
by the advancing crack. The ob jec t ive  o f  t h i s  research i s  t o  f i n d  the  
physical processes t h a t  cont ro l  crack formation and t o  r e l a t e  these 
data t o  the microstructure o f  the rock. 'Laboratory measurements o f  
f r a c t u r e  toughness are made by stable 'crack growth experiments on ' 

standardized double cant i lever  beam specimens. The standardized t e s t  
procedure permits the comparison o f  r e s u l t s  between d i f f e r e n t  rock 
types. Experiments are made on both d ry  rock and rock saturated w i t h  
water. The debris production r a t e  4s measured and the  s t ruc tu re  o f  the 
rock near the crack t i p  ' is  observed under the scanning e lec t roh  micro- 
scope. Experiments are being made on samples from the U.S. Bureau o f  
Mines standard rock s u i t e  as wel l  as on other examples o f  sandstone, 
do ler i te ,  and granite. Where water weakening i s  observed, the. tempera- 
t u r e  and crack speed dependence o f  the weakening mechanism i s  studied. 
The r e s u l t s  are expected t o  prove useful  i n  evaluat ing the f r a c t u r e  . 
charac ter is t i cs  o f  rock formations from core and other samples and i n  
reveal ing the physical processes t h a t  cont ro l  f r a c t u r e  propert ies i n  
rock. 

i n  Rock 

R. B. Gordon 

A zone o f  d i l a t a t i o n  surrounds the t i p  o f  an opening-mode crack 
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