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PETROGRAPHY AND GEOCHEMISTRY OF PRECAMBRIAN ROCKS 

A EST RAC T 

Dur inq  t h e  d r i l l i n g  of GT-2 and EE-1, 27 cores t o t a l i n g  about  
35 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm were c o l l e c t e d  f rom t h e  Precambrian s e c t i o n .  Samples o f  each 
d i f f e r e n t  l i t h o l o g y  i n  each c o r e  were taken f o r  p e t r o g r a p h i c  and 
whole-rock major -  and t race-e lement  analyses. Whole-rock analyses 
a r e  now completed on 37 samples. 
ma,jor Precambrian u n i t s  a t  t h e  Fenton H i l l  s i t e .  Geophysical zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl ogs  
and c u t t i n q s  have been used t o  e x t r a p o l a t e  between cores.  
abundant r o c k  tyPe i s  an ex t remely  v a r i a b l e  g n e i s s i c  u n i t  compr is ing  
about  75% of  t h e  r o c k  penetrated.  
and may range c o m p o s i t i o n a l l y  f rom s y e n o g r a n i t i c  t o  t o n a l i t i c  over  a 
few c e n t i m e t e r s .  The b u l k  o f  t h e  u n i t  f a l l s  w i t h i n  t h e  monzograni te  
f i e l d .  
s c h i s t  wh ich  c o m p o s i t i o n a l l y  resembles a b a s a l t i c  andes i te .  A f a u l t  
c o n t a c t  between t h e  s c h i s t  and gne iss  was observed i n  one core.  I n -  
t r u s i v e  i n t o  t h i s  metamorphic complex a r e  two igneous rocks.  A l e u -  
c o c r a t i c  monzograni te  occurs  as a t  l e a s t  two 15-m- th ick  d ikes ,  and a 
b i o t i t e - q r a n o d i o r i t e  body was i n t e r c e p t e d  by 338 m o f  d r i l l  ho le .  
Both r o c k s  a r e  u n f o l i a t e d  and equ igranu lar .  
i s  v e r y  homogeneous and i s  c h a r a c t e r i z e d  by h i g h  modal c o n t e n t s  o f  
b i o t i t e  and sphene and by h i g h  K20, Ti02 ,  and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP205 contents .  
a l l  of t h e  cores  examined show f r a c t u r e s ,  most  o f  these a r e  t i g h t l y  
sealed or healed. C a l c i t e  i s  t h e  most abundant f r a c t u r e  f i l l i n g  min- 
e r a l ,  b u t  ep ido te ,  quar tz ,  c h l o r i t e ,  c l a y s  or s u l f i d e s  have a l s o  been 
observed. 
inc reases  as these f r a c t u r e s  a r e  approached. 
b i o t i t e  g r a n o d i o r i t e  a t  t h e  bot tom of GT-2 and t h e  h i g h  degree o f  
f r a c t u r e  f i l l i n g  ensure an i d e a l  s e t t i n g  f o r  t h e  Hot  Dry Rock Exper i -  
men t . 

From these d a t a  we recogn ize  f o u r  

The most 

T h i s  r o c k  i s  s t r o n g l y  f o l i a t e d  

I n t e r l a y e r e d  w i t h  t h e  gneiss i s  a ferrohastingsite-biot i te 

The b i o t i t e  g r a n o d i o r i t e  

Although 

The degree of a l t e r a t i o n  o f  t h e  e s s e n t i a l  m i n e r a l s  n o r m a l l y  
The homogeneity o f  t h e  
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I. INTRODUCTION 

has r e c e n t l y  d r i l l e d  two deep boreholes i n  t h e  Jemez Mountains o f  n o r t h - c e n t r a l  

New Mexico. The 2.93-km Geothermal T e s t  Ho le  No. 2 (GT-2), completed i n  Decem- 

b e r  1974, p e n e t r a t e d  0.73 km o f  Pa leozo ic  and Cenozoic r o c k s  and 2.20 km i n t o  

t h e  Precambrian basement, The o t h e r  ho le ,  Energy-Ex t rac t ion  Hole No. 1 (EE-1) , 
i s  t h e  f i r s t  o f  two t o  be used t o  demonstrate a technique f o r  e x t r a c t i n g  geo- 

thermal energy f rom hot ,  low p e r m e a b i l i t y  r o c k  (Smi th ) .  EE-1 i s  77 m (253 f t )  

N14”E of  GT-2. 

1975 a t  a depth zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  3.06 km. 

rocks.  I n  a d d i t i o n ,  c u t t i n g s  were c o l l e c t e d  a t  about  1.5-m i n t e r v a l s  d u r i n g  

t h e  e n t i r e  d r i l l i n g  o f  GT-2, and a t  3-m i n t e r v a l s  i n  EE-1. Several  complete 

s u i t e s  o f  geophysica l  l o g s  were r u n  i n  bo th  ho les  (West e t  a l . ’ ) .  

Because o f  t h e  g r e a t  depth  of Precambrian r o c k s  penetrated,  t h e  h i g h  equ i -  
l i b r i u m  bot tom-hole temperatures (197°C i n  GT-2, 205°C i n  EE-l) ,  and t h e  

a v a i l a b i l i t y  o f  s u p p o r t i n q  geophysica l  data,  a l a r g e  number o f  chemical  and 

i s o t o p i c  s t u d i e s  o f  t h e  c o r e  samples a r e  i n  progress.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIn t h i s  r e p o r t ,  we pre-  

s e n t  t h e  r e s u l t s  of  i n i t i a l  p e t r o g r a p h i c  and major-element whole-rock chemical  

analyses o f  t h e  Precambrian rocks.  The r e s u l t s  o f  t race-e lement ,  geochrono- 

l o g i c a l ,  and s t a b l e - i s o t o p i c  s t u d i e s  w i l l  be r e p o r t e d  l a t e r .  

The Los Alamos S c i e n t i f i c  Labora tory  (LASL) o f  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  

1 

The d r i l l i n g  o f  EE-1 was t e m p o r a r i l y  h a l t e d  i n  October 

O f  t h e  27 cores recovered,  most a r e  f rom GT-2; 25 a r e  f rom Precambrian 

11. LOCATION AND GEOLOGIC SETTING OF GT-2 AND EE-1 

The d r i l l i n g  s i t e  f o r  GT-2 and EE-1 i s  l o c a t e d  on Fenton H i l l  i n  t h e  NE 

1/4, Sec 13, T19N, R2E, Sandoval County, New Mexico. The s i t e  i s  32 km west o f  

Los Alamos w i t h i n  t h e  Santa Fe N a t i o n a l  F o r e s t  w i t h  access prov ided by New 

Mexico Highway 126. (F ig .  1) .  

The Fenton H i l l  s i t e  i s  on t h e  western f l a n k  o f  t h e  V a l l e s  Caldera a t  an 

e l e v a t i o n  of 2469 m (8690 ft). 

v i r o n s  has been e x t e n s i v e l y  d iscussed i n  t h e  l i t e r a t u r e ,  o n l y  a b r i e f  summary 

w i l l  be g i v e n  here. 

Smith and B a i l e y Y 5  Ross e t  a1.,6 B a i l e y  e t  a1.,7 and D o e l l  e t  a1.,8 f o r  

a d d i t i o n a l  i n f o r m a t i o n  on t h i s  area. Several  r e p o r t s  by LASL personnel  ( P u r t y -  

rnun,’ West,” and Purtymun e t  a1 . l1 ) have r e l a t e d  t h e  l o c a l  geology t o  our  geo- 

thermal p r o j e c t .  

Because t h e  geology o f  t h e  c a l d e r a  and i t s  en- 

The i n t e r e s t e d  reader  can r e f e r  t o  t h e  work o f  Smith e t  

2 
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Fig. 1. Locations o f  geothermal t e s t  holes GT-1 and GT-2. (Dotted l ines  
indicate approximate geologic boundaries of the Valles Caldera, V.C.,  
and the Toledo Caldera, T.C.). 

Surface rocks a t  the d r i l l i ng  s i te  are  part  of the Bandelier Tuff, which 
8 is  of late-Cenozoic age (1.1- t o  1.4-Myr old, Doell e t  a l .  ) .  T h i s  tu f f  was 

ejected from the Valles and Toledo Calderas causing the development of a 19- to 

24-km-diam (12- to  15-mile) col lapse feature. Later ac t i v i t y  produced a cen- 

t ra l  resurgent (s t ruc tu ra l )  dome and a r i n g  of extrusive rhyol i te  domes w i t h i n  

the Valles Caldera. The f ina l  ac t i v i t y  was associated w i t h  the El Cajete 

Crater on the southwest f lank of the resurgent dome. I t  produced the Battle- 

ship Rock, El Cajete,and Banco Bonito Members of the Valles Rhyolite. The El 

Cajete Member i s  older than 0.042 Myr and younger than 0.1 Myr. Thermal springs 
are  s t i l l  common i n  the area, 

1 -  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Data on the rocks underlying the Bandelier Tuff a re  summarized i n  Table I .  
The Phanerozoic Section i s  based on f i ve  boreholes dr i l led  prior t o  GT-2 and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
EE-1, four  shallow ones dr i l led  for heat-flow measurements and a deeper t e s t  

hole (GT-1 ) which penetrated the Precambrian basement. In brief , beneath the 

Bandelier Tuff i n  descending order, a re  the Cenozoic Paliza Canyon and Tschicoma 

Formations and the A b i q u i u  Tuff, the Permian Abo Format ion, the Pennsylvanian 

Magdalena Group, and Precambrian c rys ta l l ine  rocks. Individual uni ts vary 
great ly i n  thickness between boreholes and in some holes they may be absent a l -  

together. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
LASL’s f i r s t  deep borehole (GT-1) penetrated 143 m (469 f t )  of Precambrian 

rocks. Perkins’* studied samples of these rocks and compared them t o  Precam- 

brian rocks exposed i n  the area. 

Precambrian outcrops, a t  Soda Dam and in Guadalupe Box, as well a s  from the 

Nacimiento, San Pedro, and Sandia Mountains. Soda Dam i s  on the Jemez River 
a b o u t  9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm south of  the GT-2 s i t e  and Guadalupe Box i s  ano the r  1 6  km t o  the 

south-southwest. 

and Woodward e t  a l . I 4  have summarized the avai lable petrologic d a t a  on the Pre- 
cambrian rocks of the southern Nacimiento Mountains, which l i e  west of our  d r i l l  

s i t e .  
approximate IUGS equivalent: see Section V.B.)  t o  granodiori t ic gneisses are  the 

most abundant  metamorphic rocks within the southern Nacimientos. 

may be e i ther  leucocratic or biot i te-r ich.  

bl endi t e ,  muscovi te-quartz sch is t  , and mafic xenol i ths a re  a1 so present. In  the 

central p o r t i o n  of the area, the Joaquin grani te has widespread exposures. 

Woodward e t  a1.14 concluded from textural evidence t h a t  t h i s  rock had an igneous 

or ig in .  

several f au l t s  a r e  present. The c losest  of these i s  the loca l ly  north-south- 
trending caldera r i ng  f a u l t  about zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 km east  of the s i t e .  This f a u l t  is  down- 

thrown 91 t o  122 m (200 t o  400 f t )  t o  the eas t . ”  About 4 km southeast of the 
s i t e  i s  the northeast-trending Virg in  Canyon f a u l t ,  downthrown t o  the southeast. 

Also trending northeast i s  the Jemez f a u l t ,  6 km southeast of the s i t e . ”  The 
Jemez f a u l t  i s  downthrown t o  the southeast; i t s  throw varies from 244 t o  305 m 
(800 t o  100 f t ) . ”  

The l a t t e r  included samples from the nearest 

DuChene13 has discussed the structural  geology of the Guadalupe Box area 

According t o  Woodward e t  a l .  ,14 quartz-monzonitic (or monzogranitic, 

These rocks 

Minor amounts of amphibolite, horn- 

Although the structural  geology of the Fenton Hill area i s  f a i r l y  simple, 

4 
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Fig.  2. Left: JOIDES c o r e  (62-mm-diam) from 2905-m (9531- f t )  dep th ,  of b i o t i t e  
g r a n o d i o r i t e .  
R i g h t :  Christ iansen diamond c o r e  (133-mm-diam ) from 2165-m (7102- f t )  
dep th ,  o f  b i o t i  t e - tona l  i t e  g n e i s s  ( d a r k e r  p o r t i o n )  and l e u c o c r a t i c  
monzograni te  g n e i s s ,  

111. CORING HISTORY OF GT-2 

Two d i f f e r e n t  methods of c o r i n g  were employed d u r i n g  the d r i l l i n g  o f  GT-2 

and EE-1. A modif ied JOIDES c o r e  b i t  was used t o  produce an  unor ien ted  

62-mm-diam (2 .44- in . )  c o r e  (F ig .  2,  l e f t ) .  

ven t i ona l  133-mm-diam (5.25- in.)  diamond c o r e  b i t  des igned t o  produce an 

o r i e n t e d  c o r e  ( F i g .  2 ,  r i g h t ) .  

second method were unor ien ted  because o f  r o t a t i o n  i n  the c o r e  b a r r e l  o r  f i lm 

f a i l u r e  i n  the o r i e n t i n g  d e v i c e  due t o  the high tempera tu res  a t  depth .  

A few c o r e s  were ob ta ined  us ing  a con- 

However, some of the cores recovered us ing  th is 

5 



Twenty-five cores were obtained from GT-2 (Table 11). Five of these were 
Re- the larger  diamond cores and the r e s t  were obtained with the JOIDES b i ts .  

coveries varied from less than 10% t o  100%; the diamond coring yielded to ta l  

return. The to ta l  recovered core, length was about zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA35 m. Although two cores 
were recovered from the Paleozoic section, only the Precambrian cores will be 

discussed i n  t h i s  report.  

IV. METHODS OF STUDY 
The cores were washed with d i s t i l l e d  water a t  the d r i l l  s i t e  where a pre- 

liminary log sheet was prepared. The core was then packaged in transparent 

p last ic  tubes fo r  t ransport  t o  our laboratory. All cores were photographed i n  

color, the core being rotated 120 degrees between exposures to ensure complete 
surface coverage. A t  t h i s  time the individual pieces of core were numbered and 

a more complete log prepared. This record included megascopic ident i f icat ion 

of l i tho log ies,  number and o r i e n t a t i o n  of  f ractures where possible, and types 

of f racture f i l l  ings. 

spl i t s  taken fo r  who1 e-rock and trace-el ement chemistry. Spl i t s  were a1 so taken 

fo r  rub id ium-s t ron t ium isotopic studies. Mineral separation i s  now under way t o  

prepare samples for  potassium-argon, f iss ion-track,  and uranium-thorium-lead 

geochronological studies. Selected samples have also been taken fo r  stable-iso- 
tope and f l  uid-incl usion geothermometry. 

determinations from thin sections were based on physical character is t ics  such 
as color,  form, cleavage, re1 i e f ,  t w i n n i n g ,  associat ion and a1 terat ion,  and 

optical propert ies including birefringence, angle of ext inct ion, pleochroism 

and absorption, opt ic  s ign ,  opt ic  axial angle and crystal  lographic or ientat ion.  

Plagioclase feldspar compositions were determined by extinct ion angles in sec- 
15 tions normal t o  (010) (Clarke and Eddy zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) and opt ic  s ign .  A standard polarizing 

microscope and manual point counter were used in the modal analyses. The s ta-  

t i s t i c s  applied to the major minerals (Table 111) a re  based on Van der Plas and 

Tobi.16 I t  should be noted, however, tha t  the distance between points was 

usually smaller than the largest  grain s ize  i n  a given section, thus making the 

2a values l ess  dependable. 
points per sample where possible. Mineral grain-size categories used i n  

Each l i thology w i t h i n  each core was sampled, a thin section prepared, and 

Standard petrographic methods were used i n  the core studies. Mineral 

The point-grid s ize  was chosen t o  yield over 1000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 



petrographic descript ions are: f ine-grained, <l-mm diam; medium-grained, 1- t o  

5-mm diam; and coarse-grained, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA>5-mm diam. 

were performed by John Husler, University of New Mexico ( U N M ) .  

t ion spectrophotometry was used t o  determine aluminum, to ta l  i ron, magnesium, 

calcium, sodium, potassium, titanium, manganese, and strontium. 

determined gravimetrical ly and phosphorus colorimetr ical ly u s i n g  the phospho- 

molybdate method. Ferrous iron was determined volumetrically by t i t r a t i o n  w i t h  

potassium dichromate. 

H20 
t o  f e r r i c  iron. 
the other oxides i s  22% of the amount present. 

use o f  USGS standard rock samples. 

from GT-2 cores. 

Using a combination of analyt ical techniques, chemical analyses (Table V )  

Atomic absorp- 

Sil icon was 

Water (H20-) was determined by weight loss a t  110°C and 

by loss on i g n i t i o n  a t  1000°C a f te r  compensation fo r  oxidation of ferrous zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt 

The precision for s i l icon is zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA27% of the amount present and f c r  
Accuracy was monitored by the 

In this report sample numbers, unless prefaced by E E - 1 ,  re fer  t o  samples 

V. RESULTS 

A. Megascopic Aspects of the Cores 

Two notable features a re  immediately apparent when the cores a re  examined. 

F i rs t  is  a marked d ivers i ty  of texture and,  t o  a lesser  extent,  of composition, 

both w i t h i n  and among individual cores. Second, there are  large dif ferences i n  

the number of f ractures and degree o f  rock a l te ra t ion ;  these are  most apparent 

between individual cores. 
On t h e  b a s i s  o f  t e x t u r e  and mineralogy, the Precambrian rocks can be 

roughly c lass i f ied  as gneissic, schistose, g r a n i t o i d ,  or pegmatoid. 
The gran i to id  rocks are medium- t o  coarse-grained light-gray or  p i n k  rocks 

composed primarily of quartz, plagioclase, and microcline w i t h  lesser  and vary- 

i n g  amounts of b io t i t e  and ch lor i te .  

of the holes. C u t t i n g s  and spectral gamma logging were used to  determine the 

extent of these intervals.  The f i r s t  of these in terva ls  extended from 1295.4 m 
t o  1310.6 m i n  GT-2 (1305.4 m t o  1317.6 m i n  EE-1) and consisted of medium- 

grained p i n k  rnonzogranite. The second in terva l ,  made u p  of l ight-gray b io t i t e  

granodiorite, extended from 2590.8 m to near the bottom of the hole i n  GT-2 

(Fig. 2 ,  l e f t ) .  

Minor pegmatoid bodies occur throughout the hole. These are  uniformly 
simple in composition, consist ing mainly of quartz, microcline, and minor 

These rocks a re  present i n  two in terva ls  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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plagioclase and micas. 
determine because of core s ize ,  these pegmatites usually appear to  be tabular 

bodies discordant to  the gneissic fo l ia t ion.  

2 , r igh t ) .  
because of higher b io t i t e  and ch lo r i te  contents. 

gneissic rocks i s  usually a darker p i n k  color than t h a t  i n  the granitoid rocks. 

Interlayered w i t h  the gneissic rocks a re  many in terva ls  of b io t i t e  sch is t  

grad ing  i n t o  amphibolite, as i n  two GT-2 cores, Nos. 15 and 16 (see Table 11). 

The cutt ings and spectral gamma log indicate tha t  such rocks are  common i n  the 

hole. From the spectral gamma log we estimate t h a t  about eight percent of the 

Precambrian section is b i o t i t e  sch is t .  

d i f f i c u l t  t o  determine the frequency of original f ractures.  Therefore we 
counted only v is ib le  b u t  closed, o r  open and mineralized fractures.  

the cores show a frequency of abou t  one f racture per 8 cm. 

some in terva ls  to  one per cm. 

60-degree-dipping fractures.  

by f a r  the most important. Less s ign i f icant  a re  epidote, hematite, quar t z ,  

clays,  and sul f ides.  One very prominent N60'E-striking vert ical  f racture i n  

GT-2 Core No. 14 contains an assemblage of quar t z ,  clay, muscovite, b io t i t e ,  

ca l c i t e ,  and tourmaline. A complex interval of magnetite fo l i a  i s  cut  by a s e t  
of vert ical  orthogonal f ractures f i l l e d  w i t h  pyr i te and chalcopyrite. Horn- 

blende-biot i te sch is ts  i n  GT-2 Core No. 16 are cu t  by an i n t r i ca te  ser ies  of 
f ractures f i l l e d  w i t h  quartz, ca lc i te ,  and biot i te .  

B. Petrography 

averaged modes a re  given i n  Table IV. In  Fig.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 we have plotted the analyses 
of the f e l s i c  and intermediate rocks on the quartz-a1 kali feldspar-plagioclase 
(Q-A-P) diagram recommended by the International Union zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  Geological Sciences 
(IUGS), whose system of c lass i f i ca t ion  we have adopted fo r  t h i s  report.  

All o f  the gneissic and granitoid rocks f a l l  w i t h i n  Fields 3 ,  4 ,  and 5 

(grani te,  granodiorite, and tonal i t e )  of the IUGS diagram. 
the granites i n t o  syenograni tes  and monzograni tes and have appl ied adjectival 

A1 though structural  relat ionships are  d i f f i c u l t  t o  

Gneissic rocks make u p  the bulk of the Precambrian rocks encountered (Fig. 
They are usually somewhat darker in color than the granitoid rocks 

Also microcline i n  the 

Because s t ress  from the coring operation may create new f ractures,  i t  i s  

Most o f  

This increases i n  
There are horizontal, ver t i ca l ,  and roughly 

Although a wide var iety of minerals occur a s  f racture f i l l i n g s ,  ca l c i t e  i s  

The resu l ts  of modal analysis of t h i n  sections are presented i n  Table 111; 

We have subdivided 
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90 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAComponents: 

Q Quartz 

A Alkali feldspar 

/ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIb \ GT-2 

P Plagioclase feldspar 

o/o (Q+A+P)in total rock composition 
Samples from GT-2: 

Fig. 3 .  Q-A-P diagram for the felsic and intermediate rocks of GT-2 (IUGS 
classification). 

Key: l a  - Q u a r t z o l i t e  ( s i l ex i t e )  
l b  - Quartz-rich granitoids 

2 

3a - Syenogranite 

3b - Monzogranite 

4 - Granodiorite 

5 - Tonalite 

6 - Alkali-feldspar syenite 

7 - Syenite 

8 - Monzonite 

9 - Monzodiorite and monzogabbro 

- A1 kal i-fel dspar granite 

10 - Anorthosite, gabbro, and diorite zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
9 



modifiers where necessary t o  c la r i f y  the rock name. 

granitoid rocks wil l be discussed separately below as textural groups. 

banded gneisses o r  schistose rocks. 

of  the Precambrian section. 

fo l ia t ion and al ternately mafic and f e l s i c  banding ( F i g .  2 ,  r i g h t ) .  Subparallel 

b io t i te  and ch lor i te  laths are the predominant microscopic planar feature in the 
gneissic rocks. Sometimes elongate pods of f e l s i c  minerals, especial ly quartz, 

emphasize the gneissic structure. 

e ra ls  i n  the gneissic rocks. 
i t i c  t o  tona l i t i c ,  according t o  the re la t i ve  proportions of a lka l i  versus 
plagioclase feldspar and the abundance of quartz. 

granodiori t ic or  tonal i t i c  i n  composition and average 15% tota l  mafic minerals zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, 
whereas the f e l s i c  bands, most often of grani t ic  cornposition, average only 4% 

mafics. 

c i t e  and ser ic i te .  Myrmekite, epidote, apat i te ,  sphene, zircon, a l lan i  t e ,  

amphi bo1 e ,  rutil e,and opaques occur as t race or  accessory minerals. 

The quartz i n  the banded gneiss is  usually strained, although i t  shows 

l i t t l e  or  no s t ra in  i n  the tona l i t i c  bands. Anhedral and c lear ,  the quartz 
grains i n  the gneisses are usually clustered w i t h  i r regular,  sutured,or granu- 

lated contacts. 
t ive of recrystal l izat ion.  The quartz often contains f lu id  inclusions. The 

la rgest  opt ica l ly  continuous quartz measured is 5.6 by 4.5 mm ( in  6344-6350-3, 
a monzograni t i c  gneiss). 
(e.g., i n  3151-5A, a biotite-granodiori t e  gneiss). 

w i t h  strong g r i d  twinning. Usually very fresh, the microcline often contains 

patch perthite or per th i t ic  blebs or stringers. 
microcline megacrysts, the la rgest  measuring 9.0 by 5.6 mm i n  a monzogranitic 

gneiss (5240-1B). 

a re  found i n  a biot i te-granodiori te gneiss (5234-11a, l l b ) ,  

i n  a formerly granodiori t ic gneiss (5234-5), there are  plagioclase grains w i t h  

centers of potassium feldspar. 
exsolution from plagioclase formed over a wide temperature range, or possibly 

by potassium released through ch lor i t izat ion of b iot i te.  

Gneissic, schistose, and 

1. Gneissic Rocks. O u t  of 25 Precambrian cores recovered, 21 consist  of 
These metamorphic rocks make up the bulk 

The gneisses are  characterized by steeply dipping 

Quartz, potassium feldspar, plagioclase and b io t i te  are the dominant m i n -  

These rocks range i n  composition from syenogran- 

The mafic bands are  usually 

Less abundant minerals are a l terat ion products such as ch lor i te ,  cal- 

In some samples quartz grains meet i n  t r i p l e  points, sugges- 

Occasionally the quartz i s  considerably fractured 

The potassium feldspar i n  a l l  samples is anhedral t o  subhedral microcline 

In some samples there are  

Potassium-feldspar megacrysts of u p  t o  5.6 by 2.3 mm i n  s i ze  

A t  the Same level ,  

These may have been produced by d i f ferent ia l  

Also a t  the same 
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- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmostly subhedral to  anhedral; i n  the tona l i t i c  gneisses some of the plagioclase 
is euhedral. Usually a l tered,  the plagioclase i s  well twinned and may be 

imposed a t  acute or r i g h t  angles suggesting potassium feldspar,  b u t  were con- 

firmed t o  be plagioclase by associated ser ic i t i za t ion .  

6152-3, a grani te gneiss, Fig. 4a) developed i n  response t o  s t ress .  

whole plagioclase grains a re  considerably granulated (e.g., i n  3699-2.1 , a 
monzogranitic gneiss). In some grani te gneisses, small plagioclase grains 

surround larger  potassium feldspars. 

character ize the contact re la t ions between the fe l  s i c  minerals. 

tona l i te  gneiss) the plagioclase zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi s  quite f resh, b u t  i t  i s  usual ly  considerably 

a l tered,  character is t ica l ly  t o  s e r i c i t e  ( F i g .  5). The mica most often forms a t  

an angle t o  (010) of the plagioclase. Rare plagioclase a l te ra t ion  products a re  

saussur i te  or epidote (e.g., in 5240-1A, a biotite-granodiori t e  gneiss) , c a l c i t e  

or clays. 

although i n  some cases there is preferent ia l  a l terat ion of  the rims. 
sional ly only a l te rna te  t w i n  sets are affected (e.g., i n  2600-3, a monzogranitic 
gneiss, and 2844-2, a syenogran i t i c  gneiss) .  I n  one granodiori t ic (3151-1A) 

and one t ona l i t i c  gneiss (5234-10) a l te ra t ion  seems to have proceeded from the 

Often the plagioclase exhibits bent l a t t i c e s  or k i n k  banding (e.g. , in 
Rarely 

More often granulation and sutured edges 

In rare samples (e.g., 5980-1 , a grani te gneiss, and 4893-1a, a b io t i te-  

Minor zoning is emphasized by a l terat ion confined t o  the cores, 

Occa- 

grain boundaries inwards without being zonally confined. 

t i o n  tends to  be greater near cross-cutt ing f ractures (Fig. 5b). 

plagioclase grains, possibly formed by mobilized potassium or exsolution (see 

discussion above). Antiperthite is not uncommon as patches or blebs, whose 

crystal lographic axes a re  apparently a t  a small angle to  those of the host 

plagioclase. 

Plagioclase a l te ra-  

In one granodiori t ic gneiss (5234-5) there a re  a1 kal i-feldspar-centered 

Per th i te ,  as patches or beads of plagioclase i n  the a lka l i  fe ld-  

spar, is found par t icu lar ly  i n  ' the more f e l s i c  gneisses. 

c lase has i r regular  feldspar overgrowths (e.g.,6152-3, a grani te  gneiss). 

c lase and b io t i t e  o r  ch lor i t ized b io t i t e  (e.g.,4892-lbl and 5234-10, t ona l i t i c  

Rarely the plagio- 

In several samples there i s  symplectic o r  vermicular intergrowth of plagio- 
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a 

Fig. 4 ,  Deformation features i n  GT-2 cores. 

a. Above: Plagioclase showing bent crysta l  l a t t i c e  (note 
deformation bands perpendicular t o  t w i n n i n g )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, cross-cut by 
ca lc i te - f i l l ed  f racture;  i n  leucocratic grani te gneiss from the 
1875-m (6152-ft) depth; crossed nicols. (Bar equals 1 m m ) .  

b. R i g h t ,  top: Deformed b io t i t e  i n  quartz-rich biot i te-granodiori te 
gneiss, from the 1824-m (5985-ft) d e p t h ;  plane l i g h t .  
equals 1 mm) .  

(Bar 

c. Right, bottom: B io t i te  showing k i n k  banding, i n  b io t i t e  
granodiori te from the 2904-m (9527-ft) d e p t h ;  plane 1 i g h t .  
equals 1 mm). 

(Bar 

gneisses). 
minerals, especial ly i n  the grani te gneisses. 

The plagioclase a1 so often contains numerous inclusions of accessory 

In the gneisses of g ran i t i c  composition, myrmekite averages 1%, w i t h  a 

maximum of  4% ( i n  3694-1.1); i t  averages less  than 
the more mafic gneisses. The myrmekite i s  anhedra 

f e l s i c  minerals, usually plagioclase and potassium 

The b io t i t e  and ch lo r i te  occur as  euhedral t o  

(001)) or  plates (para l le l  t o  (001)) o r  occasional 

0.5% down to  t race amounts i n  

and i n t e r s t i t i a l  t o  other 

fe ldspar . 
subhedral la ths  (normal t o  

y i n  anhedral i n t e r s t i t i a l  
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C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

b 
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,a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

b 

Fig. 5. Altered plagioclase i n  GT-2 Cores. 

a. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATop: Seric i  t ized plagioclase in leucocratic grani te gneiss from 

b. Bottom: A1 tered plagioclase with preferent ia l ly  ser ic i  t ized 

(Bar equals 1 mm) .  

the 1875-111 (6152-ft) depth; crossed nicols. 

cores, cross-cut by ca lc i te - f i l l ed  f racture (note s l i gh t  l e f t -  
l a te ra l  adjustment along f rac tu re) ;  i n  grani te gneiss from the 
1875-111 (6152-ft) depth; polarized l igh t .  

(Bar equals 1 mm).  
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form. Commonly bands r i c h  i n  s u b p a r a l l e l  b i o t i t e  and c h l o r i t e  l a t h s  a r e  segre- 

gated f rom f e l s i c  bands i n  a g i v e n  t h i n  s e c t i o n .  

found i n  t h e  t o n a l i t i c  gneisses, averaging 13%. 

though i n  some ins tances  dark  green (e.g., i n  3151-1A, a b i o t i t e - g r a n o d i o r i t e  

g n e i s s ) ;  i t  i s  o f t e n  kink-banded (F ig .  4b) and i n  some cases p o i k i l i t i c .  The 

b i o t i t e  i s  p r i m a r y  w h i l e  t h e  c h l o r i t e  i s  u s u a l l y  cons idered t o  be a secondary 

o r  a l t e r a t i o n  m i n e r a l ;  t h e  b i o t i t e  may be p a r t l y  o r  w h o l l y  r e p l a c e d  by c h l o r i t e .  

The c h l o r i t e  i s  found a long t h e  (001) p lanes o f  t h e  b i o t i t e  o r  as complete 

replacements o f  b i o t i t e .  I n  one sample (5234-5, an a1 t e r e d  g r a n o d i o r i t e  gne iss)  

The h i g h e s t  b i o t i t e  c o n t e n t  i s  

The b i o t i t e  i s  u s u a l l y  brown 

a p p a r e n t l y  a l l  o f  t h e  b i o t i t e  has been a l t e r e d  t o  c h l o r i t e ,  y i e l d i n g  an u n u s u a l l y  

h i g h  16% c h l o r i t e  conten t ;  t h e  c h l o r i t e  averages 2% down t o  t r a c e  an;ounts i n  t h e  

gneisses. 

t i t e  a1 t e r a t i o n  always c h l o r i t e .  

a1 t e r n a t e  t w i n  s e t s  i n  p l a g i o c l a s e  (e.g., i n  2600-3, a g r a n i t e  g n e i s s ) .  

t imes c h l o r i t e  i s  found assoc ia ted  w i t h  p a r t l y  a l t e r e d  opaques o r  ep ido te ,  o r  as 

a secondary m i n e r a l  i n  amphibole, I n  another  sample (5980-1 , a g r a n i t e  gne iss) ,  

much o f  t h e  b i o t i t e  i s  s t r o n g l y  a l t e r e d  t o  muscovi te  and/or  t a l c  p l u s  opaques. 

m i n e r a l s  i n  a v e r m i c u l a r  o r  symplec t ic  i n t e r g r o w t h .  I t  i s  found m a r g i n a l l y  

i n t e r g r o w n  w i t h  p l a g i o c l a s e  i n  severa l  samples (e.g., i n  4896-2a, a g r a n i t e  

gneiss,  and i n  4892- lb l -maf ic and 5234-10, b o t h  b i o t i t e - t o n a l i t e  gneisses) .  

B i o t i t e  may a l s o  be i n t e r g r o w n  w i t h  amphibole (e.g.,in 7 1 0 3 - l i ,  a b i o t i t e -  

hornb l  ende-tonal  i t e  g n e i s s )  . 
g r a i n s  and i n  f r a c t u r e s .  

many samples t h e r e  i s  no n o t a b l e  h e t e r o g e n e i t y  i n  t h e i r  d i s t r i b u t i o n .  C h l o r i -  

t i z a t i o n  a l s o  n o t a b l y  inc reases  towards f r a c t u r e s  o r  l i t h o l o g i c  c o n t a c t s  as i n  

5985-5b, 5c, i n  which a hornblende-mica-p lag ioc lase s c h i s t  i s  i n  c o n t a c t  w i t h  

a b i o t i t e - g r a n o d i o r i t e  gneiss. 

Muscovi te  o r  s e r i c i t e ,  u s u a l l y  subhedral ,  i s  commonly p r e s e n t  i n  a l t e r e d  

p l a g i o c l a s e ,  a l t h o u g h  sometimes i t  forms i n  b i o t i t e  o r  c h l o r i t e  p a r a l l e l  t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
( O O l ) ,  o r  i n  c o n j u n c t i o n  w i t h  t h e  a l t e r a t i o n  o f  opaques and o t h e r  m a f i c  min- 

e r a l s .  

proceeds f rom t h e  g r a i n  boundar ies toward t h e  core.  

C h l o r i t i z a t i o n  does n o t  s o l e l y  a f f e c t  b i o t i t e ,  n o r  i s  t h e  p r o d u c t  o f  b i o -  

C h l o r i t e  may be found r e p l a c i n g  s e r i c i t i z e d  

Some- 

The b i o t i t e  i n  some cases appears t o  be i n t i m a t e l y  assoc ia ted  w i t h  o t h e r  

C a l c i t e  and muscov i te  o r  s e r i c i t e  occur  as a l t e r a t i o n  produc ts  o r  as " f r e e "  

They tend t o  c o n c e n t r a t e  near  f r a c t u r e s  a l t h o u g h  i n  

It may a l s o  be i n t e r g r a n u l a r ;  i n  such cases p l a g i o c l a s e  s e r i c i t i z a t i o n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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The c a l c i t e  i s  almost always anhedral, although there i s  euhedral c a l c i t e  
i n  6153-4c, a leucocratic granodiori te gneiss. 

"free" grains or as a vein-f i l l ing t h a n  as a speci f ic  a l terat ion product. 

a l l an i te ,  r u t i l e ,  garnet zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- usually occur as rather evenly disseminated accessory 
minerals whose average abundances range from less  than 0.10% u p  t o  1%. Notable 

exceptions are  7% epidote i n  5234-5, an al tered granodiorite gneiss, 3% opaques 

in 31 51 -5A, a biot i  te-granodiori t e  gneiss, and 13% amphi bo1 e i n  71 03-1 i , a b io-  

tite-hornblende-tonal i t e  gneiss. In some cases zircon (e.g., i n  5492-1d1 , ld2, a 

monzograni t e  gneiss) , epidote, sphene,or apa t i t e  a re  found clustered or inhomo- 

geneously distr ibuted in a given thin section, yielding local ly h i g h  abundances 

of these minerals. 

The ca l c i t e  more often occurs as 

Other minerals - opaques, epidote, apat i te ,  sphene, zircon, amphibole, 

Opaque minerals a re  most abundan t  in the granodiori t ic and monzogranitic 

gneisses, to ta l ing a b o u t  1%, twice as much as i n  the gneisses of t ona l i t i c  com- 
position. Magnetite o r  t i tanomagnetite and i t s  common a l te ra t ion  produc t ,  

leucoxene, a re  the most prevalent opaques. Secondary hematite is  l ess  common. 

Rare, mostly subhedral t o  anhedral pyr i te  (euhedral i n  6155-26, a granodiori te 

gneiss) may a lso be present. The magnetite i s  anhedral t o  subhedral and gener- 

a l l y  qu i te  fine-grained although in 3696-1.1b (a  monzogranite gneiss) i t  i s  a l -  

most 5.5 mm across, and more t h a n  l-mn-diam magnetite i s  found in 5240-1A, a 

biot i te-granodior i te gneiss. 

A1 terat ion of magnetite t o  leucoxene and/or hematite i s  usually concen- 
t rated a t  the rim o r  along pa r t i ngs  i n  the magnetite, although whole grains may 

be a l tered.  Occasionally associated with the opaques are  po ik i l i t i c  inclusions 

of pyr i te ,  epidote, ch lo r i te ,  sphene, muscovite,or other f e l s i c  minerals (e.g., 

i n  5240-1A, a biot i te-granodior i te gneiss) and rims of epidote or saussur i te 

and/or  sphene. Some indeterminate granular pseudomorphs, apparently replacing 

opaques, a r e  found i n  the grani te gneisses 2844-2 and 3694-1.1, 

n e t i t e  exhibi ts pleochroic haloes, indicat ive o f  the presence of appreciable 
uranium (e.9.) i n  2600-3, a monzogranite gneiss, and i n  3151-5A, a biot i te-  

granodiori te gneiss. 

ch lo r i t e  o r  al tered sphene (usually replaced by leucoxene). 

present i n  ch lo r i t e  i n  a biot i te-granodior i te gneiss, 5234-11a. 

Rarely the mag- 

In some instances small grains of magnetite a re  associated w i t h  b i o t i t e  or 
Sagenitic r u t i l e  i s  
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. . . . . . . . . . . 

The e p i d o t e  i n  t h e  gneisses i s  u s u a l l y  p l e o c h r o i c  g reen/ye l low b u t  i n  some 

cases, p r o b a b l y  t h e  i r o n - f r e e  v a r i e t y  c l i n o z o i s i t e ,  i t  i s  nonp leochro ic  and ex- 

h i b i t s  anomalous b i r e f r i n g e n c e .  The e p i d o t e  ranges f rom anhedra l  g r a i n s  o r  

s t r i n g e r s  t o  euhedra l  c r y s t a l s .  

o t h e r  m i n e r a l s :  

r a r e l y  b i o t i t e ,  and i n  5234-10, a b i o t i t e - t o n a l i t e  gneiss,  i t  r i m s  o r  i s  asso- 

c i a t e d  w i t h  b i o t i t e ,  c h l o r i t e , o r  opaques, O c c a s i o n a l l y  t h e  e p i d o t e  i s  sur-  

rounded by a g r a n u l a r  r i m ,  which may be s a u s s u r i t i c  (e.g.,in 4893-1a, a b i o t i t e -  

t o n a l i t e  gneiss) .  I n  some samples p l e o c h r o i c  haloes, a p p a r e n t l y  due t o  h i g h  

uranium conten ts ,  surround v a r i o u s  accessor ies  i n c l u d i n g  e p i d o t e  o r  s a u s s u r i t e  

(e.g,, i n  5234-10, a b i o t i t e - t o n a l i t e  gne iss) .  

s o c i a t e  o f  a l l a n i t e  where t h e  l a t t e r  i s  p r e s e n t  (e,g.,in 4893-1a, a b i o t i t e -  

t o n a l i t e  gneiss,  o r  i n  5240-7B, a monzograni te  gneiss) ,  A l l a n i t e ,  another  e p i -  

d o t e  group m i n e r a l ,  i s  u s u a l l y  d a r k  brown, subhedral  t o  euhedral ,  and zoned, 

w i t h  t h e  main a x i s  of t h e  sur round ing  e p i d o t e  a p p a r e n t l y  i n c l i n e d  t o  t h a t  o f  i t s  

host.  

p l e o c h r o i c  green/ye l low,  and may be zoned. I t  i s  u s u a l l y  subhedral  t o  euhedra l ,  

b u t  i t  may be anhedra l .  I n  some cases t h e  amphibole i s  i n t e r s t i t i a l  (e.g.,in 

7 1 0 3 - l i ,  a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAbiot i te-amphibole-tonal i te gne iss)  o r  i n  o p t i c a l l y  cont inuous,  p o i k i -  

l i t i c  p l a t e s ,  measur ing up t o  2.9 by 1.5 mm i n  5234-10, a b i o t i t e - t o n a l i t e  

gneiss.  

t i t e - t o n a l i t e  gne iss) .  I n  some gneisses t h e  amphibole zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi s  a l t e r e d  a long i t s  

c leavages t o  c h l o r i t e  o r  b i o t i t e  (e.g., i n  5240-1A, a b i o t i t e - g r a n o d i o r i t e  gneiss,  

o r  i n  7 1 O 3 - l i y  a biot i te-amphibole-tonal i te gne iss) .  

hedra l  t o  euhedral  and may have p l e o c h r o i c  haloes, r e l a t e d  t o  h i g h  uranium con- 

t e n t  (F ig .  6 ) .  

The a p a t i t e  i s  

subhedral  t o  euhedral ,  m inu te  and u b i q u i t o u s .  

t i t e  i s  o f t e n  i n c l u d e d  i n  the  p l a g i o c l a s e .  Sometimes t h e  a p a t i t e  i s  enc losed 

w i t h i n  smal l  m u t u a l l y  a l i g n e d  r e c t a n g u l a r  patches o f  c o n t r a s t i n g  r e l i e f ,  pos- 

s i b l y  i n c i p i e n t  a n t i p e r t h i t e  e x s o l u t i o n ,  i n  t h e  p l a g i o c l a s e .  

sphene i s  a s s o c i a t e d  w i t h  e p i d o t e  and/or t h e  sphene has r i m s  o f  leucoxene. 

I t  may r i m  o r  be i n t i m a t e l y  a s s o c i a t e d  w i t h  

i n  2600-3, a monzograni te gneiss,  e p i d o t e  surrounds opaques o r  

Common ep ido te ,  as a g a i n s t  t h e  i r o n - f r e e  c l i n o z o i s i t e ,  i s  an i n v a r i a b l e  as- 

The amphibole i n  t h e  gneisses, p o s s i b l y  hornblende, i s  u s u a l l y  brown o r  

The amphibole u s u a l l y  e x h i b i t s  good c leavage (e.g., i n  5234-10, a b i o -  

Z i r c o n  i s  t h e  most abundant o f  t h e  remain ing  t r a c e  minerals; i t  i s  sub- 

A p a t i t e  and sphene a r e  u s u a l l y  p r e s e n t  i n  t r a c e  amounts. 

I n  t h e  t o n a l i t e  gneisses t h e  apa- 

The sphene i s  u s u a l l y  anhedral  t o  subhedral  i n  t h e  gneisses. Sometimes t h e  

Both 
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F i g .  6.  Pleochroic halo surrounding zircon i n  b io t i t e ,  i n  
biot i te-granodiori te gneiss from the 960-m (3151-ft) depth i n  GT-2; 
plane l i g h t .  (Bar equals 0.5 m m ) .  

sphene and apa t i t e  may have pleochroic haloes indicat ive of  high uranium con- 

tents.  
Where present the 

r u t i l e  is usually sageni t ic ,  forming as needles along rat ional planes i n  bio- 

t i t e  or chlor i te .  
found i n  only one zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  the major gneisses, 5487-M-1, a monzogranite gneiss. 

rocks whose major const i tuents are plagioclase, amphibole (ferrohastingsi t e ) ,  

Ruti le and garnet a r e  rare accessories i n  the gneisses. 

The garnet i s  pink, of undetermined composition, and is 

2. Schistose Rocks. The mafic metamorphic rocks are  mainly schistose 

b io t i te  and quartz (see Tables I11 and IV). 
mineral. There is also an unusual zone of magnetite fo l ia  in monzogranitic 

gneiss. All o f  the mafic rocks sampled occur within a 500-ft in terva l ,  a l -  

though d r i l l  cutt ings and spectral gamma logs indicate that  they occur through- 

out a 2000-ft vert ical  section. 

I n  one sample muscovite i s  a major 
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I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 
) 

The unique zone of mafic f o l i a  i s  q u i t e  heterogeneous i n  m i n e r a l  d i s t r i -  

b u t i o n  and t e x t u r e s .  

zone, w i t h  smal l  amounts of p y r i t e ,  c h a l c o p y r i t e ,  hemat i te  and p y r r h o t i t e .  

complex o r e  pe t rography  r e q u i r e s  f u r t h e r  s t u d y  be fore  a d e t a i l e d  d e s c r i p t i o n  can 

be made. 

and accessor ies  and a1 t e r a t i o n  produc ts  such as c a l c i t e ,  ep ido te ,  a p a t i t e ,  z i r -  

con,and amphi bole.  

rocks.  T h e i r  t e x t u r e s  v a r y  i n  t h e  predominance of s c h i s t o s e  versus g r a n o b l a s t i c  

f a b r i c ,  and i n  t h e  degree o f  metamorphic d i f f e r e n t i a t i o n  and development o f  por-  

phyrob las ts .  One o f  t h e  m a f i c  r o c k s  cored (5983-3b) i s  an a m p h i b o l i t e  w i t h  o n l y  

l i m i t e d  s c h i s t o s i t y .  I t s  t e x t u r e  i s  g r a n o b l a s t i c ,  e q u i g r a n u l a r  and homogeneous 

except  f o r  occas iona l  porphyrob las ts ;  t h e r e  i s  o n l y  a f a i n t  f o l i a t i o n  d e t e c t -  

able.  

t o s e  w i t h  some p o r p h y r o b l a s t s  and some f e l s i c / m a f i c  segregat ion  banding. The 

p o r p h y r o b l a s t s  u s u a l l y  occur  as c l u s t e r s ,  o f t e n  monomineral ic,  o f  p l a g i o c l a s e  

f e l d s p a r  and/or  q u a r t z  and/or f e r r o h a s t i n g s i t e .  

There i s  u s u a l l y  a n o t a b l e  h i a t u s  i n  g r a i n  s i z e  between t h e  main f a b r i c  and t h e  

p o r p h y r o b l a s t s  i n  each o f  these rocks.  I n  5654-2b (a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAferrohastingsite-biotite- 

p l a g i o c l a s e  s c h i s t )  t h e r e  i s  a cont inuous range o f  g r a i n  s i z e  f rom f i n e -  t o  

med i um-gra i ned , whereas 5980-21, , 2c (a q u a r t  zo- f  e l  dspa t h i c  b i  o t i  t e - f  er rohas t i ng- 

s i t e  s c h i s t ) ,  5983-3b (an a m p h i b o l i t e )  and t h e  m a f i c  p o r t i o n  o f  5985-5b,5c (a 

ferrohastingsite-mica-plagioclase s c h i s t ) ,  a r e  e s s e n t a l l y  f i n e - g r a i n e d  and equ i -  

g r a n u l a r  w i t h  medium-grained porphyrob las ts .  

P l a g i o c l a s e  averag ing  An36, t h e  most abundant f e l s i c  m i n e r a l  i n  t h e  s c h i s t s  

and amphibo l i te ,  ranges f rom v e r y  f r e s h ,  w i t h  o n l y  i n c i p i e n t  s e r i c i t i z a t i o n ,  t o  

c o m p l e t e l y  a l t e r e d .  The h i g h l y  a l t e r e d  p l a g i o c l a s e  i s  o f t e n  c o n f i n e d  t o  t h e  

p o r p h y r o b l a s t i c  fe ldspar  and t h e  f e l d s p a r  near  v e i n s  (e.g., i n  5985-5bY5c-mafic). 

A l though i n  most samples i t  i s  twinned, much of t h e  p l a g i o c l a s e  i n  5983-3b i s  

untwinned. The p l a g i o c l a s e  i s  sometimes p o i k i l i t i c ,  e n c l o s i n g  amphibole, b i o -  

t i t e  and q u a r t z  (e.g., i n  5985-5b,5c-mafic). I n  5983-3b t h e r e  a r e  p o i k i l i t i c  

megacrysts of p l a g i o c l a s e  e n c l o s i n g  b i o t i t e  l a t h s  and a p a t i t e .  

f e l d s p a r  c o n t a i n s  a n t i p e r t h i t e  as m u t u a l l y  o r i e n t e d  r e c t a n g u l a r  patches (e.g., i n  

There i s  an unusual c o n c e n t r a t i o n  o f  m a g n e t i t e  i n  t h i s  

The 

The gangue m i n e r a l s  a r e  m o s t l y  q u a r t z  and f e l d s p a r ,  w i t h  minor  mica, I 
I 

There a r e  b o t h  t e x t u r a l  and m i n e r a l o g i c a l  d i f f e r e n c e s  among t h e  s c h i s t o s e  

The o t h e r  m a f i c  r o c k s  (56542b, 5980-2b, 5985-5c) sampled a r e  q u i t e  s c h i s -  

G r a i n  s i z e  v a r i e s  w i t h i n  a g i v e n  sample as w e l l  as among t h e  s c h i s t s .  

Rarely,  t h e  

5980-2b92c) . 
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The porphyroblasts and f e l s i c  segregation bands exhibi t  potential ly signi- 

f icant  textures. In rare polymineralic porphyroblasts, plagioclase has nuc- 

leated a t  quartz t r i p l e  points (e.g., in 5980-2b, 2c); also quartz appears a t  

plagioclase t r i p l e  points in porphyroblasts (e.g., in 5054-2b, 2c). 

porphyroblasts are usually granoblastic or granoblastic-polygonal aggregates, 

elongate i n  the direct ion of schistosi ty.  

i s  often porphyroblastic, w i t h  sutured grain boundaries or t r i p l e  points, and 
mosaic extinct ion resembling grid twinning. The potassium feldspar i s  usually 

i n te rs t i t i a l  in the groundmass, although i t  may occur as an t iper th i t i c  patches 

in plagioclase. 

The amphibole i s  ferrahast ingsi te and i s  usually pleochroic green/brown/light 

brown. Euhedral t o  anhedral, i t  i s  often al tered along cleavages t o  ca lc i te ,  
muscovite, ch lo r i te ,  and/or  ta lc  (e .g . , i n  5980-2bY 2c and 5985-5b, 5c-mafic; 

see Fig.  7 ) .  Ferrohastingsite has been largely replaced by ca l c i t e  near the 
f racture in 5985-5b, 5c-mafic. There i s  no evidence zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  reaction between ferro- 

hast ingsi te and b io t i te .  The b io t i t e  i s  s l igh t ly  more concentrated paral lel t o  
the f racture in 5985-5bY 5c-mafic; otherwise the b io t i t e  i s  ubiquitous. The 

b io t i t e  content i s  low (2%) i n  the amphibolite (5983-3b) compared with the 

12-29% in the three sch is t  samples. The b io t i t e  i s  subhedral or euhedral and 
brown; some i s  po i k i l i t i c ,  enclosing zircon (e.g., i n  5980-2b, 2c) or epidote 

(e.g., in 5654-2b), although usually i t  i s  f ree  from inclusions. 

rarely exhibi t  vermicular intergrowth with plagioclase (e.g., in 5654-2b). 

amphibolite, never exceeding trace amounts. 

more comnon. 

t o  the major f racture along the boundary w i t h  the next l i thologic u n i t ,  granodio- 

r i t e  gneiss, 5985-5b, 5c-felsic. 

shadows beh ind  amphibole and also occurs as discrete grains, 
I t  usually occurs as inde- 

pendent subhedral grains b u t  i t  may occur as saussur i te or as inclusions or 

reaction rims. Surrounded by pleochroic haloes, i t  i s  po ik i l i t i ca l l y  enclosed 

i n  b io t i te  in 5654-2b. Where a l l an i te  i s  present, epidote invariably rims i t ;  

i n  5654-2b the associated epidote i s  euhedral, w i t h  i r regular a l l an i te  centers, 

The a l l an i te  may be zoned (e.g.,in 5654-26). 

20 

Monomineral i c  

The quar tz  and rare potassium feldspar a re  anhedral and fresh. The quartz 

The major mafic minerals in the schistose rocks are  b io t i t e  and amphibole. 

The b io t i t e  may 

Chlori te i s  a rare a l terat ion product of b io t i t e  i n  the mafic schists and 

These two minerals are very abundant in 5985-5bY 5c-mafic, owing 
Calcite and muscovite are somewhat 

In 5985-5b, 5c-mafic, the ca l c i t e  forms s t ra in  

Epidote i s  a f a i r l y  conanon accessory mineral. 



Fig.  7. Euhedral amphibole a l t e r e d  a long cleavages t o  c h l o r i t e  o r  t a l c ,  i n  
maf ic s c h i s t  from t h e  1824-111 (5985- f t )  depth i n  GT-2; p lane l i g h t .  
(Bar equals  0.5 mm). 

There a r e  minor  amounts o f  a p a t i t e ,  z i r con ,  sphene,and opaque m ine ra l s  i n  

t h e  s c h i s t o s e  rocks.  

where i t  i s  enc losed i n  b i o t i t e .  

hemat i te ,  p y r i t e - -  a r e  u s u a l l y  p resent  o n l y  i n  t r a c e  amounts. 

p y r i t e  appears t o  be p r i s m a t i c  and i s  enclosed i n  b i o t i t e .  

The g r a n i t o i d  rocks  a r e  c o n f i n e d  t o  two 5 0 - f t - t h i c k  

l e u c o c r a t i c  monzograni te  d i k e s  o r  s i l l s ,  one o f  which was cored, and an exten- 

s i v e  b i o t i t e - g r a n o d i o r i t e  body, which was d r i l l e d  f o r  more than 335 m (1100 ft) 

i n  GT-2. 

temporaneous w i t h  t h a t  o f  t h e  g r a n i t e  d i kes  o r  s i l l s  a t  sha l l ower  l e v e l s .  

(4250- t o  4300- f t )  l e v e l  i s  e s s e n t i a l l y  homogeneous and hypid iomorphic-  t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
allotriomorphic-granular w i t h  no o r  very  minor  f o l i a t i o n  o r  l i n e a t i o n  e v i d e n t  

The z i r c o n  in 5980-2b, 2c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAhas n o t a b l e  p l e o c h r o i c  ha loes 

The opaque minera l  s--magnet4 te ,  leucoxene, 

I n  5654-2b t h e  

3. G r a n i t o i d  Rocks. 

Th is  l a t t e r  body i s  apparen t l y  a p l u t o n  whose emplacement was con- 

The l e u c o c r a t i c  monzograni te d i k e  o r  s i l l  c u t  a t  t h e  1295.4-to 1310.6-m 
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ei ther  megascopically or microscopically. Besides having a granitoid texture, 
the grani te  d i f fe rs  from the gneisses most notably i n  plagioclase a l terat ion and 

other secondary features. The individual minerals o f  the granitoid monzogranite 
and the monzogranitic gneisses are essent ia l ly  s imi lar  i n  character. 

plagioclase i n  b o t h  i s  ser ic i t ized,  b u t  only in the dike or s i l l  (4282-4, leuco- 

c r a t i c  monzogranite) does the mica form paral lel t o  the t w i n  plane a s  well as a t  

an angle t o  (010) o f  the host. 
at ion zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  the core of plagioclase grains (4282-4), especial ly adjacent t o  the 

mineralized fractur’es (see Section V . A ) .  

gestive o f  recrysta l l izat ion,  characterize the contact re lat ions between quartz 

grains . 
In the same monzogranite body epidote rims or i s  associated with chlor i te.  

The ch lo r i te  takes d i f ferent  forms from subhedral t o  anhedral, and i t  may be in 

radiat ing c lusters.  
secondary mineralization, usually ch lo r i te  (e.g., i n  4282-4). 

t i t e  a s  coarse as 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmm i n  length ( i n  4279-2), and 1.5-mm-diam myrmekite ( i n  

4279-2 and 4280). 

GT-2, there a r e  minor f e l s i c  segregations of monzogranite composition (e.g., 

9521-1). 

2928.2 - 2928.8 m (9607-9609 f t )  has cer ta in  character is t ics  i n  common with the 
major granitoid biot i te-granodiori te body; these features are  primarily apparent 

petrographically and megascopical ly. Microscopically, the mineral habits and 

The 

In the grani te ca l c i t e  may be present as a l te r -  

Also in 4282-4),  t r i p l e  points, sug- 

The opaques a re  in some c,ases fragmented and expanded by 

Although the monzogranite is  generally rather fine-grained, there i s  bio- 

Muscovite and apat i te  a re  a lso coarser than in the gneisses. 

W i t h i n  the  biot i te-granodiori te pluton entered a t  about 2591 m (8500 f t )  i n  

The gneissic u n i t  of b io t i t e  granodiori t ic composition cored a t  

textures a re  s imi lar ,  and i n  hand specimen, the lower u n i t  would appear t o  

represent a local ly fo l ia ted zone i n  the b io t i t e  granodiorite. 
chemical and modal analyses suggest t ha t  these are  1 i thological ly d i s t i nc t  

units. 

considerably i n  t he i r  major f e l s i c  consti tuents. 

10% more microcline on the average, whereas the gneissic un i t  has 9% more 
plagioclase and 5% more quartz i n  i t s  average mode. 

The minor minerals d i f f e r  insigni f icant ly;  epidote and sphene are  high i n  b o t h ,  

averaging 2% i n  the granitoid body and 1 %  in the gneissic u n i t .  
found i n  the granitoid section, i s  found in the biot i te-granodiori te gneiss 

(e.g., 9607-2A, 2B) . 

However, 

The modes of these granitoid versus gneissic b io t i t e  granodiori tes d i f f e r  
The granitoid body contains 

Bo th  contain 12% biot i te .  

Garnet, n o t  
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The major  d i f f e r e n c e s  i n  t e x t u r e  between these g r a n i t o i d  and g n e i s s i c  r o c k s  

o f  b i o t i t e - g r a n o d i o r i t e  compos i t ion  a r e  i n  g r a i n  s i z e  and shape. 

b i o t i t e  g r a n o d i o r i t e  i s  g e n e r a l l y  f i n e r  g r a i n e d  than t h e  gneiss.  

q u i t e  v a r i a b l e  i n  g r a i n  s ize ;  i t  c o n t a i n s  g r a i n s  o f  more than 3-mm l e n g t h  down 

c l a s e  a l t h o u g h  q u a r t z  may be i n  o p t i c a l  c o n t i n u i t y  over  a much l a r g e r  area, 

p robab ly  a s  a r e s u l t  o f  m i n e r a l  s e g r e g a t i o n  i n t o  f e l s i c  and m a f i c  bands. 

The f e l s i c  m i n e r a l s  a r e  s i m i l a r  i n  t h e  g r a n i t o i d  and g n e i s s i c  samples, ex- 

c e p t  t h a t  t h e  p l a g i o c l a s e  i s  g e n e r a l l y  much f r e s h e r  i n  t h e  gneiss. I n  b o t h  

cases t h e  p l a g i o c l a s e  i s  subhedral  w h i l e  t h e  K- fe ldspar  and q u a r t z  a r e  anhedra l  

w i t h  i r r e g u l a r  o r  su tured  contac ts .  The a l k a l i  f e l d s p a r  tends t o  be c l u s t e r e d ,  

as does t h e  quar tz ,  o r  t h e  m i c r o c l i n e  may be i n t e r s t i t i a l  t o  t h e  p l a g i o c l a s e .  

Where t h e  p l a g i o c l a s e  i s  a l t e r e d ,  i t  i s  u s u a l l y  t o t a l l y  s e r i c i t i z e d ,  o r  p a r t l y  

a l t e r e d  f r o m  t h e  p e r i m e t e r  inward. P e r t h i t e  i s  r a r e  i n  b o t h  t h e  g r a n i t o i d  and 

g n e i s s i c  samples; i t  occurs as s h o r t  s t r i n g e r s ,  r e c t a n g u l a r  patches, o r  i r r e g u -  

l a r  b l  ebs. 

The ep ido te ,  sphene and opaques tend t o  be concent ra ted  i n  t h e  b i o t i t e - r i c h  

bands i n  t h e  gneiss,  b u t  even ly  d i s t r i b u t e d  i n  t h e  g r a n i t o i d  samples. 

t i t e ,  wh ich  i s  d a r k  green, tends t o  be more subhedral  i n  t h e  f o l i a t e d  rocks,  

whereas t h e  g r a n i t o i d  samples have more anhedra l ,  i n t e r s t i t i a l  b i o t i t e .  The 

b i o t i t e  p o i k i l i t i c a l l y  i n c l u d e s  euhedral  a p a t i t e  i n  t h e  g r a n i t o i d  body, and 

encloses ep ido te ,  zircon,and a p a t i t e  i n  t h e  gneiss.  There a r e  no p l e o c h r o i c  

ha loes i n  e i t h e r  case. 

The abundant sphene i s  of somewhat d i f f e r e n t  c h a r a c t e r  i n  t h e  g r a n i t o i d  

compared w i t h  t h e  g n e i s s i c  samples. 

i s  g e n e r a l l y  subhedral  t o  euhedral ,  whereas i n  t h e  gne iss  i t  i s  u s u a l l y  sub- 

h e d r a l  t o  anhedral .  

g ra ins ,  w h i l e  i n  t h e  gneiss many sphene c r y s t a l s  appear t o  be crushed o r  

fragmented, e s s e n t i a l l y  i n  place,  and i n  many cases l a r g e l y  r e p l a c e d  by opaques 

(F ig.  8). 
w i t h  t h e  sphene. The opaques seem t o  have r e p l a c e d  t h e  sphene f rom t h e  i n t e r i o r  

towards t h e  p e r i m e t e r  o f  t h e  gra ins ;  i n  some cases o n l y  a narrow cont inuous r i m  

o f  sphene, anhedral  i n  o u t l i n e ,  surrounds t h e  opaques. I n  t h e  g r a n i t o i d  samples 

t h e  opaques a r e  o f t e n  b u t  n o t  n e c e s s a r i l y  a s s o c i a t e d  w i t h  t h e  sphene; i f  t h e  

sphene enc loses opaques, t h e  l a t t e r  tend t o  be angu lar  and anhedral  o r  euhedral ,  

suggest ing  a p o i k i l i t i c  r e l a t i o n s h i p  r a t h e r  than one o f  replacement. 

The g r a n i t o i d  

The l a t t e r  i s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 
t .  

I t o  v e r y  f i n e - g r a i n e d  c r y s t a l s .  The l a r g e r  g r a i n s  a r e  u s u a l l y  subhedral  p l a g i o -  
I .  

I 

The b i o -  

I n  t h e  g r a n i t o i d  b i o t i t e  g r a n o d i o r i t e ,  i t  

I n  t h e  former i t  u s u a l l y  occurs as i n t e g r a l  u n a l t e r e d  

I n  t h e  gneiss,  t h e  opaques a r e  anhedral ,  o f t e n  hav ing  embayed c o n t a c t s  

The zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Fig .  8. Fragmented sphene (SPH), i n  gneissic biot i te-granodior i te from the 
2928-m (9607-ft) depth i n  GT-2; plane l ight .  (Bar equals 1 m m ) .  

sphenes i n  both the  granitoid and gneissic samples do tend t o  be po ik i l i t i c ,  

enclosing apat i te ,  other f e l s i c  minerals,and epidote as  well as  opaques. 

than i n  the  granitoid samples. 

the perimeters zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  the  grains. 

the gneiss i t  i s  usually anhedral b u t  may be subhedral, and may be po ik i l i t i c ,  

enclosing b io t i t e  fo r  example. 

may be p i n k  and translucent (e.g., i n  9607-M1) o r  co lor less and transparent (e.g. 

The zircons a r e  more euhedral and have more pronounced zon ing  i n  the gneiss 
The zones are  i n  some cases notably truncated by 

Epidote i s  generally anhedral i n  the granitoid b io t i t e  granodiorite. In 

Garnet, which apparently occurs only i n  the gneissic b io t i t e  granodiori te, 

9607-26) . 
The other accessories o r  a l te ra t ion  products i n  these rocks are euhedral 

apat i te ,  subhedral t o  anhedral muscovite or se r i c i t e ,  and anhedral ca lc i te .  
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C. CHEMISTRY 

b r i a n  r o c k s  f rom GT-2 and two samples f rom EE-1. 

a r e  presented i n  T a b l e  V w i t h  t h e  c a l c u l a t e d  norms. 

f o r  u n i t s  d i s t i n g u i s h e d  above on t h e  b a s i s  o f  p e t r o g r a p h i c  and o t h e r  ev idence 

a r e  r e p o r t e d  i n  Tab le  V I .  Chemical d a t a  i s  presented g r a p h i c a l l y  i n  F ig ,  9. 

Large chemical  d i f f e r e n c e s  a r e  apparent  i n  t h e  r e p o r t e d  r e s u l t s .  These 

d i f f e r e n c e s  a r e  perhaps b e s t  shown i n  a f requency d i s t r i b u t i o n  o f  S i02  c o n t e n t s  

(F ig .  9a). T h i s  f i g u r e  shows a r o u g h l y  t r i m o d a l  d i s t r i b u t i o n  o f  S i02 conten ts .  

The l o w e s t  S i 0 2  c o n t e n t s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 5 5  t o  56%) a r e  f rom t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAferrohastingsite-biotite 

s c h i s t s .  These va lues  a r e  separated b y  a broad gap f rom t h e  peak ex tend ing  f rom 

62 t o  70% Si02. 

r i t e  f r o m  t h e  bot tom of GT-2 and a number o f  b i o t i t e  g r a n o d i o r i t i c  and b i o t i t e  

t o n a l i t i c  gneisses. 

c o n s i s t s  o f  samples o f  t h e  monzograni te  d i k e  o r  s i l l ,  one pegmat i te ,  a f e l s i c  

s e g r e g a t i o n  f rom t h e  b i o t i t e  g r a n o d i o r i t e  and v a r i o u s  1 e u c o c r a t i c  monzograni t i c  

gneisses. 

Whole-rock chemical  analyses were performed on 38 samples o f  t h e  Precam- 

The r e s u l t s  o f  these analyses 

Average r o c k  composi t ions zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 
I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

T h i s  second group c o n s i s t s  o f  samples o f  t h e  b i o t i t e  granodio-  

A t h i r d  ma jor  group extends f rom 71 t o  78% S i 0 2  and 

Rock c h e m i s t r i e s  w i l l  be d iscussed below accord ing  t o  t h e  same system 

a p p l i e d  t o  t h e  pet rography.  

The two g r a n i t o i d  r o c k  u n i t s  d i s t i n g u i s h e d  megascop ica l l y  and on t h e  b a s i s  

of p e t r o g r a p h i c  and s p e c t r a l  gamma evidence a l s o  have d i s t i n c t i v e  chemical  com- 

p o s i t i o n s .  Who1 e-rock chemical  analyses were performed on t h r e e  samples f rom 

t h e  l e u c o c r a t i c  monzograni te  body (Core 10)  encountered a t  1295.4 t o  1310.6 m. 

As may be seen f rom Tables V and V I  t h i s  r o c k  i s  c h e m i c a l l y  homogeneous and i s  
c h a r a c t e r i z e d  by a r e l a t i v e l y  h i g h  S i 0 2  c o n t e n t  and low Fe203, FeO, and MgO 

contents .  

The b i o t i t e  g r a n o d i o r i t e  sampled by Cores 24, 25, and 26 i s  a l s o  a v e r y  

homogeneous r o c k .  

sample 9521-M1 t h i s  u n i t  i s  c h a r a c t e r i z e d  by a low S i02  c o n t e n t  (62 t o  66%). 

Mhen t h i s  u n i t  i s  compared t o  o t h e r  GT-2 r o c k s  w i t h  s i m i l a r  S i02  conten ts ,  t h e  

Ti02, Fe203, FeO, K20, P205 and S r O  a r e  s t r i k i n g l y  high. The h i g h  Fe203, FeO, 

and K20 c o n t e n t s  a r e  r e f l e c t e d  i n  t h e  h i g h  modal b i o t i t e  c o n t e n t  w h i l e  t h e  h i g h  

T i 0 2  and P205 can be accounted f o r  by h i g h  sphene and a p a t i t e  conten ts ,  respec- 

t i v e l y .  

F i g u r e  9b i l l u s t r a t e s  a Harker  diagram o f  t h e  b i o t i t e  g r a n o d i o r i t e  w i t h  one 

sample of a b i o t i t e - g r a n o d i o r i t e  gneiss w i t h  a s i m i l a r  S i02  c o n t e n t  i n c l u d e d  f o r  

W i t h  t h e  e x c e p t i o n  o f  v e r y  m i n o r  f e l s i c  segregat ions  such as 

25 



8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
7 

6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
>- s 5  
2 4  
E3 

E2 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 
55 60 65 70 75 80 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS i 0 2  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(o/o) 

Fig .  9. Chemical var iat ions i n  GT-2 and EE-1 rocks. 

a. (Above) Frequency d is t r ibut ion of  Si02 contents i n  Precambrian 
rocks from GT-2 and EE-1 .  

Key: S - Mafic sch is t  

G D  - Biot i te  granodiori te 

D - Leucocratic monzogranite dike 

P - Pegmatite 
FS - Felsic segregation i n  b io t i t e  granodiori te 

G - Gneiss 

b. ( R i g h t )  Harker diagram for b io t i t e  granodiorite. Symbols n o t  
connected by 1 ines represent a b i o t i  te-granodiori t e  gneiss 
included fo r  comparison purposes. 

comparison. 
geneous and considerably d i f fe ren t  from the b i o t i t e  granodior i t ic  gneisses. 

would be expected, the diagram also shows a decrease i n  MgO and Ti02 contents 

w i t h  increasing Si02. 

The fo l ia ted  metamorphic rocks from GT-2 and EE-1 are  extremely variable 

i n  chemical composition. 
and the ferrohastingsi te -b io t i te  sch is ts  (5654-1 and 5654-2b, c )  are excluded, 
the Si02 content o f  the remaining gneissic rocks ranges from about 62 t o  77%. 

The var iat ion i n  other oxides, especial ly K20, i s  also large. 

dif ferences i n  distances as  short as a few centimeters. Samples 7103-A, -1E, 

I t  is  apparent from this diagram t h a t  t h i s  rock i s  re la t ive ly  homo- 
As 

Even i f  the analyses of the magnetite fo l ia  (5492-M1) 

The banding prominent i n  some sections of the core leads to large chemical 
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and -lH were col lected by d r i l l i ng  2-cm-diam cores from a s ing le short  section 

of a large Christiansen diamond core. 
layers i n  a banded gneiss which had grossly d i f fe ren t  chemical compositions. 

For example, the Si02 contents of these three samples ranged from 65 to 75% 

w i t h  s imi lar  var iat ions i n  the other oxides. 

composition of the f e l s i c  t o  intermediate rocks may be found over short  dis- 

tances i n  the core. W i t h  a 
s ing le exception among the gneisses sampled, alumina contents a re  su f f i c ien t ly  

h i g h  t o  cause the rocks to  be corundum normative. 

mentary o r i g i n  fo r  the. gneisses. 

presented i n  Table V. 

geneous nature of t h i s  un i t  indicated by both petrographic study and spectral 

These small cores sampled d i f fe ren t  

Thus, almost the en t i re  spread i n  

Such variat ions are  common i n  the gneissic rocks. 

T h i s  may suggest a sedi- 

The resu l ts  o f  two analyses of the ferrohastingsi te-biot i  t e  sch is t  a re  

The two analyses agree closely,  confirming the homo- 

gamma logging. This rock has re la t ive ly  h i g h  K20, Ti02 ,and P205 contents. I t  
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i s  hypersthene-normative and closely resembles an andesite i n  composition 

(Table VII). 

VI. GEOTHERMAL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIMPLICATIONS 
All cores examined show evidence of extensive natural fracturing and rock 

a1 terat ion w i t h  an expected posit ive correlat ion between f racture frequency and 

degree of a l terat ion.  The f ractures occur i n  several se ts  and a variety zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  

orientat ions,  b u t  generally a re  e i ther  horizontal,  ver t i ca l ,  o r  steeply i n -  

cl ined (dip of about 60'). 
s ional ly as c lose together as 1 cm. They are  usually well sealed by secondary 
minerals deposited from the hydrothermal f lu ids tha t  once circulated through 

them (Fig. 10). T h i s  suggests tha t  i n  spite of the large population of natural 
f ractures,  the overall permeability of the rock should be low. 

They are  commonly on the order of 8 cm apart ,  occa- 

This has been 

Fig.  10. Calc i te- f i l led f racture showing more than one stage of f racture 
f i l l i n g ,  i n  biot i te-granodior i te gneiss from the 960-m (3151-ft) 
d e p t h  i n  GT-2; crossed nicols. (Bar equals 1 mm) .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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ver i f ied both i n  laboratory t e s t s  on core samples and i n  the f i e ld  by pres- 

surizing the boreholes t o  produce hydraulic f ractures.17 I t  also suggests, 

since the principal secondary mineral i s  ca lc i t e ,  t h a t  an acid leaching t rea t -  

ment m i g h t  be used t o  increase permeability local ly by reopening preexisting 

fractures. 
Associated w i t h  sealed fractures t h rough  which hydrothermal f lu ids once 

flowed, zones of  rock a1 terat ion are regions w i t h  physical zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, chemical , and mech- 
anical propert ies s ign i f icant ly  d i f ferent  from those of the unaltered rock 

around them. 
inent vert ical  f racture t h a t  s t r i kes  about N60°E i n  the interval 1672-1674 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm - 
is a f ine ly  divided a l te ra t ion  product of adjacent feldspars. Washing i t  o u t  
migh t  reopen the natural f ractures suf f ic ient ly  t o  permit f lu id  flow th rough  
them, which could create flow passages through the rock mass between paral le l  

hydraulic f ractures.  On the other hand, the accumulation o f  clays elsewhere 

(or a1 terat ion of feldspars on f racture surfaces) m i g h t  plug hydraulic frac- 

tures or t he i r  connections to boreholes. 

of  cer ta in  hydraulic f ractures made t h r o u g h  casing perforat ions, which appeared 

to close and reseal d u r i n g  periods when flow through them was not maintained. 

Fracture-f i l l ing secondary minerals, especial ly ca l c i t e ,  a re  re la t ive ly  

weak i n  tension and shear. 
a strain ra te  of about 10-4/s, a s t ress  of only 28 bars is  su f f i c ien t  to  cause 

translat ional  t w i n n i n g  i n  ca lc i te .  l 8  A more r e a l i s t i c  confining pressure (800 

bars)  would lower t h i s  value. Fi l l ing variously oriented closely spaced frac- 
tures, the low-strength ca lc i te  should have a profound ef fect  upon the behavior  

of the reservoir  rock. The f i l l e d  f ractures would be expected t o  serve as 
ef fect ive " s ta r te r  cracks" where f ractur ing o f  the rock could be in i t ia ted  a t  

re la t ive ly  low st ress.  This probably explains both the low pumping pressures 

a t  which hydraulic f ractures are produced i n  the Fenton Hill boreholes and the 

absence o f  a sudden "breakdown" when fractur ing begins. 

quired to  induce translat ional  tw inn ing  i n  c a l c i t e  would promote readjustment 

along the f i l l e d  f ractures ( F i g .  5b). This would contr ibute t o  both propp ing  
and pinching of f  of the f ractures.  Seismic energy may be released during 

t w i n n i n g ,  which could account for  some of the seismic noise recorded d u r i n g  

f ractur ing and re i  nf 1 a t i  on. 

inhomogeneous deformations d u r i n g  metamorphism from w h a t  were l i ke ly  very 

The clay found i n  a few of the f ractures - notably i n  one prom- 

This may part ly explain the behavior 

For example, a t  5-kb confining pressure, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAZOO'C, and 

The low s t ress  re- 

The fo l ia ted structures of the banded gneisses and schis ts  a re  resu l ts  of 
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ancient sediments’’ w i t h  physically and chemically d i s t i n c t  layers. 

r e l i c t  anisotropy of rock propert ies would be reinforced by the chemical and 

mineralogical segregation t h a t  has accompanied subsequent recrysta l l izat ion.  

Thus  i n  the metamorphic rocks there are  al ternat ing l i gh t  and dark  bands w i t h  

dif fer ing physical propert ies; these narrow zones tend t o  be steeply incl ined, 
t h o u g h  not ver t i ca l .  The associated anisotropy of strength is probably insuf- 
f i c i e n t  t o  compensate fo r  large differences i n  principal stresses tha t  may 

ex i s t  i n  deeply buried rock. Thus i t  would not be expected t o  cause a hydrau- 

l i c  f racture to  deviate s ign i f icant ly  from the ver t i ca l .  A t  Fenton Hill where 

the two horizontal principal s t resses do not d i f f e r  great ly the f racture may 
curve i n  the horizontal plane, following the convolutions of the fo l ia ted rock 

structure.  

and therefore of wave ve loc i t ies,  would be su f f i c ien t  to  have a s ign i f icant  
effect  on acoustic measurements zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  distance and direct ion i n  these metamorphic 

rocks. 
contacts between dissimi lar  rock types, par t icu lar ly  when a major f racture 

occurs a t  such a contact. 

mafic sch is t  is i n  f a u l t  contact w i t h  a granodiori t ic gneiss. 

The mineralogical contrast  between adjacent mafic and f e l s i c  layers i n  the 
strongly banded rocks comprising most of the Precambrian section has imp1 ica- 

tions fo r  chemical leaching. In par t icu lar ,  the h i g h  concentration of quartz 

( u p  t o  about 47%) i n  the f e l s i c  bands, and i t s  recrysta l l izat ion i n t o  connected 

c lusters  of coarse grains, may f a c i l i t a t e  channeling when the quartz is attacked 

by a leaching so lu t ion  such as sodium carbonate. 

increase permeability, is  l ess  l i ke ly  t o  occur i n  the igneous intrusives w i t h  

essent ia l ly  isot rop ic  textures or less abundant quartz (abou t  25 t o  35%). 

may par t ia l l y  explain the abort ive attempt to  increase the permeability o f  the 

igneous rock near the bottom o f  the section by leaching i t  w i t h  a d i l u te  sodium- 

carbonate solut ion. The leaching m i g h t  have succeeded i n  the metamorphic rock 

higher i n  the sect ion,  where the quartz tends to  be interconnected. 

s t a l l  ized s t ructure,  together w i t h  geochronological evidence, 2oy21  y 2 2  indicates 
tha t  these rocks have undergone more than one cycle o f  deformation and intense 
heating. 

igneous intrusives described above. 

This 

I t  appears unlikely t h a t  the inherent anisotropy of e l a s t i c  propert ies, 

In comparison, strong ref lect ion and refract ion ef fects  are expected a t  

Such is  the case a t  the 1824-111 depth i n  GT-2 where 

This channeling, which would 

T h i s  

The occurrence o f  small c rys ta ls  a t  t r i p l e  points i n  a previously recry- 

One episode o f  heating undoubtedly accompanied emplacement zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  the 

Another probably occurred d u r i n g  ascent o f  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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t h e  magma body r e s p o n s i b l e  f o r  f o rma t ion  o f  t h e  nearby V a l l e s  Caldera. 

and perhaps o t h e r  i n t e n s e  thermal events r e p r e s e n t  a ve ry  complex h i s t o r y  o f  

h e a t  f l o w  i n  seve ra l  n o n v e r t i c a l  d i r e c t i o n s .  

Evidence f o r  s t r e s s  accumulat ion and c r u s t a l  de fo rma t ion  s i n c e  t h e  l a s t  

major thermal event  i n  t h e  area i nc ludes  bent  c r y s t a l  l a t t i c e s  i n  p l a g i o c l a s e  

(F ig.  4a),  k ink-band ing  i n  b i o t i t e  (Fig.  4b, c ) ,  t w i n n i n g  i n  c a l c i t e ,  and 

occas iona l  c r u s h i n g  and f r a c t u r i n g  o f  sphene (F ig.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 ) ,  amphibole and q u a r t z  

c r y s t a l s .  Th i s  accumula t ion  o f  t e c t o n i c  s t resses  i s  a ma jor  f a c t o r  i n  con- 

t r o l l  i n g  t h e  o r i e n t a t i o n  o f  h y d r a u l i c  f r a c t u r e s  produced from GT-2 and EE-1. 

The types  and d i s t r i b u t i o n  o f  c e r t a i n  m i n e r a l s  i n  t h e  Precambrian c o r e  

samples a r e  o f  p a r t i c u l a r  i n t e r e s t  t o  t h e  geothermal p r o j e c t .  

q u a r t z  i n  these rocks,  as d iscussed above, e x p l a i n s  t h e  ve ry  low p e n e t r a t i o n  

r a t e s  and r a p i d  wear o f  t h e  diamond c o r e  b i t s .  

r a t e  o f  e r o s i v e  gauge wear observed when a i r  was used as t h e  c i r c u l a t i n g  medium 

w h i l e  d r i l l  i n g  w i t h  c a r b i d e - i n s e r t  b i t s .  

eous ly  d i s t r i b u t e d  mica and c h l o r i t e  p a r t i a l l y  e x p l a i n  t h e  r e l a t i v e  ease w i t h  

which these rocks  c rush  under t h e  l o c a l i z e d  pressure  o f  a hard b u t t o n  on t h e  
c a r b i d e - i n s e r t  d r i l l i n g  b i t s .  Hence these b i t s  have r e l a t i v e l y  h i g h  penet ra -  

t i o n  r a t e s  and l o n g  b i t  l i f e  when used f o r  both conven t iona l  d r i l l i n g  and 

co r ing .  

c i r c u l a t e d  th rough these rocks  i s  i n  p a r t  exp la ined  by t h e  presence o f  hyd roxy l -  

bea r ing  m ine ra l s ,  i.e., a p a t i t e  and b i o t i t e ,  i n  which f l u o r i n e  s u b s t i t u t e s  f o r  

t h e  hyd roxy l  i on .  

amounts zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  f l u o r i t e  observed i n  some f r a c t u r e s .  F l u o r i d e  adsorbed on g r a i n  

boundaries may a l s o  have been re leased  by t h e  l each ing .  

haloes (Fig.  6 )  around g r a i n s  o f  magnet i te ,  ep ido te ,  saussu r i t e ,  z i r con ,  sphene, 

and a p a t i t e  i n  t h e  metamorphic rocks  i n d i c a t e  t h e  presence i n  these m ine ra l s  o f  

r e l a t i v e l y  h i g h  concen t ra t i ons  o f  uranium, some o f  which m i g h t  conce ivab ly  be 

recovered by l e a c h i n g  as a by-produc t  o f  a h e a t - e x t r a c t i o n  system. 

igneous rocks  t h e  absence o f  such haloes suggests t h a t  s i g n i f i c a n t  concent ra -  

t i o n s  o f  uranium w i l l  be found o n l y  i n  o r  adsorbed on secondary m i n e r a l s  f i l l i n g  

f rac tu res .  Th is  i s  a t  l e a s t  i n  p a r t  con f i rmed by t h e  r e s u l t s  o f  s p e c t r a l  gamma 

logging,23 which show v e r y  narrow zones o f  h i g h  uranium c o n t e n t  c o i n c i d e n t  w i t h  

f rac tu res .  ( 5 )  The presence of  magnet i te  has made i t  p o s s i b l e  t o  o r i e n t  o t h e r -  

w ise  u n o r i e n t e d  cores  and c o r e  fragments on t h e  b a s i s  o f  paleomagnetism. 

ever, t h e  remanent magnetism has had a d e l e t e r i o u s  e f f e c t  on t h e  downhole 

These 

(1)  The abundant 

It a l s o  accounts f o r  t h e  h i g h  

(2)  The widespread and inhomogen- 

(3 )  The appearance o f  f l u o r i d e  i o n  i n  h i g h  c o n c e n t r a t i o n s  i n  water  

F l u o r i d e  i o n  may a l s o  have been c o n t r i b u t e d  by ve ry  small  

(4) The p l e o c h r o i c  

I n  t h e  

How- 
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orienting devices. The or ientat ion of the paleomagnetic f i e l d  retained i n  the 

magnetite d i f f e rs  s ign i f icant ly  from tha t  of the ear th 's  present magnetic f i e ld ,  
and t h u s  causes def lect ion of the compass needle used i n  any downhole magnetic 

surveying tools. The compass deflect ion i s  proportional t o  the local magnetite 

concentration, which is  observed t o  vary widely in the metamorphic rocks from 

the Fenton Hill boreholes. This adds s ign i f icant ly  t o  the uncertaint ies of 

magnetic hole surveys, dr i l l ing-tool  guidance, and magnetic determinations of 

the or ientat ions of downhole instruments and equipment. 

The demonstrated chemical homogeneity of the b io t i t e  granodiorite i n  which 

the HDR experiments are being conducted i s  important as i t  great ly s impl i f ies 

problems of  predicting rock-water interaction. 

gneiss/schist  complex w i t h  i t s  extreme chemical var iat ions,  the granodiori te 

reservoir may be represented by a single s ta r t ing  rock composition, thus re- 

ducing experimental work necessary fo r  dupl icat ion of the reactions. 

In contrast  to the banded 

VII. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASUMMARY 

The Precambrian basement rocks a t  the LASL Fenton Hill s i t e  consist  of a 

complex sequence of  chemically and mineralogically heterogeneous gneisses, 
sch is t ,  and amphibolite intruded by several re la t ive ly  homogeneous igneous rocks. 

These igneous rocks include t h i n  dikes or  s i l l s  of leucocratic monzogranite and 

an in t rus ive biot i  te-granodiori te body near the bottom of the section. 
The Precambrian gran i t i c  rocks a re  composed primarily of four common rock- 

forming minerals: quartz, plagioclase, potassium feldspar, and b io t i te .  

Petrographic analysis indicates tha t  despite the re la t i ve  simplici ty of the 

mineralogy, abundances of the four main minerals vary considerably a t  d i f fe ren t  

levels i n  the geologic section. 
rock chemistry of the samples. 

there is  l i t t l e  var iab i l i t y  i n  mineralogy or chemistry w i t h i n  the b io t i te -  

granodiori te body i n  which the present experiments a re  being conducted. 

i c i t e  and ca l c i t e ,  is evident t h roughou t  the Precambrian section. 

f l ec t s  multiple past thermal events and the numerous fractures along which 

hydrothermal f lu ids  have moved. Calcite produced d u r i n g  the a1 terat ion of 
plagioclase also seals  the a b u n d a n t  f ractures,  yielding an essent ia l ly  imper- 

meable reservoir  rock. 

solved, i t  may be removed by acid leaching to  increase permeability. The low 

T h i s  produces large var iat ions i n  the whole- 

Fortunately for  the LASL geothermal program, 

Mineral a l te ra t ion ,  such as b io t i t e  to  ch lo r i te ,  and plagioclase t o  ser- 

This re- 

Because this f racture- f i l l ing c a l c i t e  i s  eas i l y  dis- 
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shear s t r e n g t h  o f  t h e  c a l c i t e  suggests t h a t  movement may occur  a l o n g  t h e  f r a c -  

t u r e s  and produce se ismic  s igna ls .  

t i o n s ,  i t s  most i m p o r t a n t  c o n c l u s i o n  i s  t h a t  a t  Fenton H i l l  t h e r e  e x i s t s  a t  

depth a l a r g e ,  e s s e n t i a l l y  e q u i g r a n u l a r ,  homogeneous i n t r u s i v e  body o f  b i o t i t e  

g r a n o d i o r i t e ,  w i t h i n  which a l l  n a t u r a l  f r a c t u r e s  have been e f f e c t i v e l y  sealed. 

T h i s  p r o v i d e s  a n e a r l y  i d e a l  environment f o r  development and t e s t i n g  o f  t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
LASL h o t  d r y  r o c k  geothermal energy concept. 

Whi le  t h i s  s t u d y  has produced a number o f  u s e f u l  observa t ions  and explana- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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TABLE I 

PHANEROZOIC SECTION IN LASL DRILL HOLES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- Drill Hole 

Surface elevation zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm 

Thickness 

Bandelier Tuff 

Tschicoma Formation 

Paliza Canyon Formation 

Abiquiu zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATuff  

Abo Formation 

Magdalena Group 

Madera Limestone 

Sandia Formation 

Aa 

2 5 7 5 . 6  

9 . 1  
- 
- 

3 8 . 1  

1 0 2 . 1  

- 
- 

Ba 

2 6 2 8 . 9  

1 1 5 . 8  

1 8 . 3  
- 
- 

6 4 . 0  

- 
- 

Ca 

2 6 5 1 . 8  

7 3 . 2  
- 
- 

1 0 3 . 6  

5 1 . 8  

- 
- 

D a  

2 4 0 7 . 9  

3 6 . 6  
- 
- 
- 

1 1 5 . 8  

- 
- 

G T - I ~  

2 5 8 3 . 2  

1 8 . 3  
- 
- 

3 0 . 5  

2 7 7 . 4  

2 2 7 . 1  

8 8 . 4  

GT-2b 

2 6 4 8 . 7  

1 0 6 . 7  
- 

1 5 . 2  

1 5 . 2  

2 3 7 . 7  

2 7 5 . 9  

7 9 . 3  

a Dri l l  Holes zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA,  B, C, D bottomed in A50 Fornation. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Drill Holes GT-1, GT-2 bottomed i n  Precambrian. 



TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 1  

A. CORE SUMMARY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO F  GT-2 

Depth ( m ( f t ) )  Recovery (%)  L i  tho1 oay Core No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13  

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

1 

2 

633-639 (2078-2098) 

685-688 (2248-2258) 

776-786 (2547-2580) 

739-792 (2590-2600) 

863-867 (2831-2844) 

867-871 (2844-2857) 

960-970 (31 51 -3182) 

1056-1 059 (3464-3476) 

11 27-1 129 (3694-3705) 

25 

< l o  

26 

70 

29 

23 

23 

16 

100 

1304-1 306 (4278-4285) 1 ooa 

1491 -1493 (4892-4897) 1 ooa 

1498-1 500 (491 5-4921 ) 100 

1595-1 597 (5234-5240) 50 

1672.4-1 674.1 (5487-5492.5) 100a 

1723-1 725 (5654-5660) 

1823-1825 (5980-5986) 

1875-1876 (6150-6156) 

1876-1878 (61 56-61 62) 

1934-1 935 (6344-6350) 

1935-1 937 (6350-6356) 

2041 -2042 (6695-6701 ) 

2165-2165.2 (7102-7103.7) 

241 3-2413.6 (7518-7918.6) 
2614-261 7 (8577-8587) 

2901-2904 (9519-9527) 

2904-2907 (9527-9537) 

2928-2929 (9607-9609) 

100 

100 

67 

100 

17 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
SO 

0 

1 ooa 

1 coa 

70 

50 

50 

75 

Clay, 1 imestone fragments 

Shale, l imes tone  fragments 

Leucoc ra t i c  monzograni t e  gne iss  

Leucoc ra t i c  monzogran i te  gne iss  

Leucoc ra t i c  syenogran i te  gne iss  

L e u c o c r s t i c  monzograni te gne iss  

B i o t i t e - g r a n o d i o r i t e  gne iss  

Leucoc ra t i c  monzograni te gne iss  
Leucoc ra t i c  monzograni te gneiss,  
g r a n o d i o r i t e  gneiss,  pegmat i te  

Leucoc ra t i c  monzograni te,  
gneiss,  pegmat i te  

Leucoc ra t i c  monzograni te gneiss,  
l e u c o c r a t i c  g r a n o d i o r i t e  gne iss ,  
minor  b i o t i t e - t o n a l i t e  gne iss  

Leucoc ra t i c  monzograni te gne iss  

B i o t i t e - g r a n o d i o r i t e  gne iss ,  
t ona l  i t e  gne iss  

Leucoc ra t i c  monzograni te gneiss,  
t h i n  f o l i a  o f  magne t i t e  

Hornb lende-b io t i t e  s c h i s t  

Hornb lende-b io t i t e -p lag ioc lase  
s c h i s t ,  amph ibo l i t e ,  g r a n i t e  
gneiss,  b i o t i t e - g r a n o d i o r i t e  
gne iss  

Leucoc ra t i c  g r a n i t e  gneiss,  
g r a n o d i o r i t e  gne iss  

G r a n o d i o r i t e  gne iss  

Leucoc ra t i c  monzograni te gne iss  

Chips o f  g r a n i t e  gne iss  and 
s c h i s t  

B i o t i t e - t o n a l i t e  gne iss  and 
monzograni te gne iss  

Leucoc ra t i c  monzograni te gne iss  

B i o t i t e  g r a n o d i o r i t e ,  pegmat i te  

B i o t i t e  g r a n o d i o r i t e ,  monzo- 
g r a n i t e  

B i o t i t e  g r a n o d i o r i t e  

B i o t i t e - g r a n o d i o r i t e  gne iss  

B. CORE SUMMARY OF EE-1 

2095-2099 (6874-6886) 25 Leucoc ra t i c  monzograni te gne iss  

301 1-3012 (9877-9881 ) 17a L e u c o c r a t i c  g r a n o d i o r i t e  

aDiamond cores  

37 



TABLE I11 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MODAL A N A L Y S E S ~  OF PRECAMBRIAN ROCKS FROM GT-2 

2580-26 2600-3 2844-2 2857-13a,b 3151-5A 3464-lb,lc 3464-11 3694-1.1 3696-l. la,b 3696-1.2 3699-2.1 3703-2.1 4279-2 4280 4281-4 
2353 3353 1552 3023 3053 3153- 

---- 
K-feldspar 3622 2953 4123 3353 852 3353 2553 2952 2953 

P1 agioc lase 

( %  A n )  
Quartz 

Giot i  t e  

Chlor i te  

Opaques 

Muscovite 

Myrmeki te  
Ca lc i te  

Epidote 

Apat i te  

Sphene 

Zircon 

b 

3252 3453 

(34) (23) 
2522 2953 

1 551 

351 <0.5 
1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 

1 <1 

<1 <1 

<0.5 Tr 
<0.5 Tr 

<0.5 CO.5 
Tr? - 
Tr? Tr 

1 852 

(30) 
3853 

<1 

2 

<1 

- 

- 
Tr 

Tr 
Tr 

2453 4553 

(34) (22)  
3953 2 553 

Tr 1 352 

<1 Tr 

3+1 - 1 

<1 2 

221 Tr 

Tr 2 
Tr 2 

Tr? Tr 
- - 
- Tr 

2853 

(33) 
3653 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
<O. 5 

Tr 

<1 

Tr 

221 

Tr 

Tr 
- 

Tr 

Tr 

3153 

(33) 

251 

38+3 

<0.5 

1 

251 

<1 

4 . 5  

Tr? 

<0.5 

Tr? 

Tr 

3 252 

(29) 
3 352 

<1 

(0.5 

<0.5 

<1 

421 

<0.5 

Tr? 

Tr 
- 

Tr 

2 7+3 

(31) 
3623 

651 

<0.5 

Tr 
<0.5 

Tr. 
Tr 

<0.5 

<0.5 

Tr 

221 

34+3 28+3 4053 2923 32+3 2923 

(32) (30) (28) (31) (31) (32) 
3853 3353 3253 3323 30+3 3253 

<0.5 <0.5 851 351 2+1. 2+1 

<1 251 Tr 1 1 1 

<1 1 <0.5 <0.5 (0.5 <1 

2+1 <1 Tr 1 <1 <0.5 

<1 <1 Tr <0.5 <0.5 <1 

<0.5 Tr Tr <0.5 <0.5 (0.5 

<1 Tr Tr - <0.5 <0.5 
<0.5 - Tr? - - - 
Tr? Tr Tr Tr Tr - 

1 <1 451 351 351 2+l 

- - Aniphi bo1 e - - - - - - - - - - - - - 
Others - Tr Tr Tr Tr Tr - Tr Tr Tr Tr Tr - - - 
Number of 1637 1277 1406 1181 1016 1076 1175 1542 1270 859 1318 1443 880 992 1121 
Counts 

VI VI VI VI VI VI VI 
VI VI 

W 

v) VI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
C 

W 
C 
(51 cn 

a, W 
c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAS 
m cn 

.r .r 
VI 

W 
C 
cn 

VI 
VI VI VI 

W 
S 

W W 
C S 
cn cn zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA01 

.r .r .r .r 

VI In 
VI VI 

VI 
VI 

W W 
C S 

W 
S 
c n m  0) 

.r .r .r .r .r 

W W W a, W W W a, w W w w  
vc,  V c ,  v c ,  c, vc ,  

W 
vc,  

W 

c , s  + S * S  L 

vc,  
W 

V c ,  vc ,  

m m  5 m  m m  
C I S  C I S  

L L  L L  L L  
0 m m  

u s  
L L  

m m  
L L  

m m  c , s  Q S  m 5  
L L  L L  

m a  

0 0  0 0  0 0  
V N  V N  V N  

o m  
vcn vcn 

3 s  3 s  13s 
C *r 

0 0  

L L  

V N  
0 0  

3 c  5 w  V N  
0 0  

vcn v m  
0 0  

L C  w o  w o  w o  3 s  
V N  

w o  w o  w o  a m  J E  J E - I E  

3 s  
O 0  V N  

s c  
V N  

w o  
J E  -1E 

3 C  

.r .r .r .r .r .r -r .r .r .r .r .r .C .r .r .r .r 
vc,  c, V C ,  vc ,  vc, 

O S  U S  C l t  Q S  L C I S  
m m  
L L  

I O  a m  r u m  m m  
vcn vcn v m  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc ,U vcn 

0 0  
V N  

*r 0 
c , s  V N  V N  U S  

3 s  3 c  3 w  
o r  L w o  
mcn d E  - I E  - J E  - 1 v )  

.r .r 

.r 

.: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAz .r 

Rock Type L L  L L  L L  Ek? w .r 

2:  o m  3 s  

.I- .r .r .C .r .r 

W V I  vcn v m v m  v m  
0 0  0 0  0 0  :E 
a 0  w o  W h  aJg 32 J E  J E  

aTr 50.10% . 

bEpidote group minerals, one o r  more o f  v a r i e t i e s  p i s t a c i t e ,  c l i n o z o i s i t e ,  and non-ferrian z o i s i t e .  



TABLE 111 ( c o n t ' d )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MODAL A N A L Y S E S ~  OF PRECAMBRIAN ROCKS FROM GT-2 

K- fe ldspar  2152 1551 - 2823 2422 28-1-3 3123 2853 3353 1 2 ~ 2  <1 1622 1152 3753 

( %  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAn) (31 1 (34) (29) (33) (32) (34) (28)  (32) (28) (35) (25) (34) (33) (35) 

4892- lb , lb l -  4893-la and 
4282-4 (Fe1sic)JbZ 4892-lbl-NaficL 4893-1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAb 4895-2a,2b 4896-2a 4917-2a 4919-5 4920-3 5234-5 5234-10 5234- l l a , l l b  5240-1A 5240-18 

P lag ioc lase  3553 4352 5952 3123 3052 3153 2753 3153 3753 3423 53+3 3952 4453 3153 

Quar t z  3453 3952 2222 3853 3922 3653 3653 3553 2553 2823 3253 3452 3253 3153 

B i o t i t e  451 2 1652 <0.5 321 251 351 251 251 - 1022 851 551 - 
C h l o r i t e  <1 0.5 1 <1 251 1 1 <1 1 1652 <0.5 <1 351 T r  

Opaques <0.5 T r  T r  <1 <1 <1 <0.5 <1 T r  ~ 0 . 5  <1 C0.5 <1 <0.5 

Muscovite 421 T r  <0.5 ~ 0 . 5  <0.5 T r  <0.5 T r  0.5 251 T r  T r  T r  T r  

Myrmekite <1 T r  <1 <1 <0.5 1 2+1 2+1 - T r  T r  T r  - 
C a l c i t e  0.5 T r  <0.5 <0.5 <0.5 <0.5 T r  T r  <0.5 <1 <0.5 T r  T r  T r  

A p a t i t e  T r  T r  C0.5 T r  ' T r  T r  T r  T r  T r  T r  <0.5 T r  T r  T r  

Sphene Tr  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA<O. 5 <0.5 - ?  T r  0.5 Tr  <1? T r ?  T r  T r  T r ?  

Z i r con  T r ?  T r  T r  T r  T r  T r  T r  T r  - T r  T r  T r  - 

- 

Epidote ~ 0 . 5  T r  1 <0.5 (1 <0.5 <0.5 <0.5 <0.5 7+2 <1 T r  2+1 <1 

- - 
- 

- - - - - Amphibole <0.5 <0.5 T r  T r  - 351 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 2+1 - 
- Other T r  T r  <O. 5 T r  <0.5 T r  T r  T r  <0.5 T r  T r  T r  T r  

Number o f  1201 3971 21 59 1457 2432 1108 1114 918 1053 867 857 1903 1196 1096 
Counts 

Rock Type 

W 
v c ,  

c , K  

L L  
v m  
0 0  
O N  
= e  
w o  
- I E  

.r .r 

m a  

W 
v c ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c , L  
m o  
L .r 
v u  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAVI 
O O V I  
U c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA*C 

W L C  

.r .r 

3 m w  

-I o m  

c, 4.r  
o c w  .- 0 c 
m c , m  

W 
vc, 
+ s  

L L  

oowl 
U N f r  
1 3 c w  
w o e  

.r .r 

m m  

v m m  

- 1 ~ m  

W 
Uc, 

c,c 

L L  
v m u 7  
o o m  
U N * r  
3 K W  
W O K  
J E m  

.r .r 

m m  

W 
v c ,  

+ e  
m m  
L L  

o o m  
V N.r  
3 c w  
w o e  
- I E m  

.r .C 

v m m  

W 
c, .r 

L 
1 0  
w *- 
c,u VI 
*r 0 wl 
c, c .C 

o m w  
.r L K 
m m m  

W 

c, .- 
i 

' 0  
w .C 

*u VI 
.r 0 VI 
c, t .r 
o m w  
v- L K 
m m m  

W 
vc, 
W t  
m m  L L  

o o m  
U N * r  
1 3 e w  
W O K  
d E D  

.r .r 

u m w l  

aTr 0 . 1 0 %  . 
bEpidote group minera ls ,  one o r  more of v a r i e t i e s  p i s t a c i t e ,  c l i c o z o i s i t e ,  and non- fe r r i an  z o i s i t e ,  

CJ 
co 



TABLE 111 (cont 'd)  

MODAL A N A L Y S E S ~  OF PRECAMBRIAN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAROCKS FROM GT-2 
5985-5b ,5c 

5487-M-1 5492-ldl, ld2 5654-2b 5980-1 5980-2b,2c 5983-3b IMafic) (Fels ic)  6152-3 6153-4c 6155-26 6159-2c1 6160-4 6344-6350-3 
K- f e l  dspar 3623 3053- - - 3353 <1 1 Tr 11t2 4023 2252 9+2 1152 1052 2953 - 

4023 

1752 

2953 

Tr 
<1 

<0.5 

(36) 

- 
- 

<1 

1 

<1 

Tr 

1122 

Tr 

4423 

(34) 

1252 

2253 

Tr 
<0.5 

<1 
- 

Tr 

3+1 

Tr 

Tr 
1 853 

Tr 

- 

4023 

651 

Tr 

1 

Tr 

(38) 

2fl 

- 
<1 

<1 

Tr 
- 

4 752 
- 

.~ - 
2653 

(35) 
4 7+3 

952 

351 

(1 

351 

Tr 

Tr 

Tr 

- 

- 
Tr 
- 

.~ - 
4653 

(37) 
3553 

6+1 

<1 

221 

1 

Tr 

Tr 

Tr 

Tr 

Tr 

Tr 
- 
- 

43+3 

(35) 

1252 

7 +1 

Tr 

<0.5 

14+2 
- 

952 

251 

Tr 
- 

1352 
- 

P1 agi  oc lase 

(% An)  
Quartz 

B i o t i t e  

Chlor i te  

Opaques 

Mus cov i te  
Myrrneki te  
Ca lc i te  

Epidote 

Apat i te  

Sphene 

Zircon 

Amph i bo1 e 
Others 

b 

2223 

(34) 
3953 

<0.5 

<0.5 

0.5 

<l  

221 

0.5 

Tr 
- 

Tr? 

Tr 

Tr 

- 

2253 

(34) 
4253 

<0.5 

<1 

451 

0.5 

<1 
- 

Tr? 

Tr 
Tr 

Tr 
- 
- 

1 722 

(33) 
4353 

551 

Tr? 

<0.5 

Tr 

2+1 
- 

Tr? 

Tr 

Tr? 

Tr 
- 

Tr 

2 223 

(32+) 
3553 

<0.5 
- 

<1 

0.5 

Tr 

1 

Tr 

Tr 
- 
- 
- 
- 

4253 

(33) 
2853 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
521 
<1 

<1 

1 

Tr 

<1 

Tr 

Tr 

Tr 

Tr 
- 
- 

2 353 

(33) 
4453 

Tr zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
<O. 5 

1 

1 

<1 

<l 

Tr 
Tr 

<0.5? 

Tr 
- 

- 
- 

Number of  1040 1046 1120 931 930 1000 1139 889 876 1141 969 lop0 1007 1043 
Counts 

- .- m 

aJ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
K 
0) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.r 

aJ c, 
.r 

n 
aJ 

vc ,  

c , L  
m o  
L zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.r 
v u  VI 
o o m  
V C ' r  
3 m w  
w L C  
-1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc n i n  

.r .C 

a, 
c, 

L 
1 0  
w .r 
c,u m 
.r 0 m 
c, C f r  
o m w  
.r L C 
m inm 

.r 

a, 
UC, 

c , c  
m m  
L L  
v c n m  
O O V I  
V N ' r  
S C a J  

.r .r 

2 g E i  

aJ uc, 

c , s  
G m  
L L  
v m m  
o o m  
U N . r  
X K a J  

.C .r 
C L  

L 
0 .- Rock Type L I  

I W  N C )  VI w 
A J  

.r 

C 
m 

0 
U t  
3 m  
a J L  d m  L 

a 

aTr 50.10%. 

hEpidote group minerals,  one o r  more zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  v a r i e t i e s  p i s t a c i t e ,  c l  i nozo is i t e ,  and non-ferrian zoisite. 
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P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
N 

K- fe ldspar  (M ic roc l i ne )  

P lag ioc lase  fe ldspar  

Quar t z  

B i o t i t e  

C h l o r i t e  

(T i - )  magnet i te  

Leucoxene 

Hemati te 

P y r i t e  

Muscovi te 

M y m k i t e  

C a l c i t e  

Ep ido te  

A p a t i t e  

Sphene 

Z i r con  

Amphibole 

Other 

(An con ten t )  

Opaques I 

24 G r a n i t i c  

31 

28 

(32) 

36 

1 

1 

T r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA:L T r  I 
<1 

1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
<0.5 

<O. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 

<1 

~0.5 

Tr  

T r  

T r  

TABLE IV 

AYERAGE MODAL ANALYSES~ (%) OF THE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWJOR PRECAMBRIAN ROCK UNITS IN  GT-2 

Major Banded Gneiss 

11 Granod io r i t i c  

13 

39 

(33) 
35 

1 

7 

<o. ::l' 5 l1 
2 

<0.5 

1 

1 

<1 

<1 

T r  

<1 

T r  

4 T o n a l i t i c  

~ 0 . 5  

53 

(29) 

28 

13 

1 

'gr 10.5 

T r  

<0.5 

Tr  

q0.5 

1 

~0.5 

Tr 

T r  

4 

T r  

Monzograni t i c  
Dike (Gran i to id )  

4 Granites 

28 

31 

(31 1 
32 

3 

<1 

3 

<1 

<1 

<0.5 

Tr 

T r  

T r  

B i o t i t e  G r a n o d i o r i t i c  U n i t s  

3 B i o t i t e  4 B i o t i t e - -  
Granodior i tes (Grani t o i d ) b  Granod io r i t e  Gneisses 

19 9 

36 45  

(33) (35) 
26 

12 

<0.5 

<0.5 

<1 
~ 0 . 5  

2 

<1 

2 

T r  

T r  

T r  

31 

12 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Tr zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

:c 1 1  

T r ?  

~ 0 . 5  

<1 

T r  

1 

T r  

1 

T r  

T r  

3 Sch is ts  

~ 0 . 5  

42 

(35) 
15 

18 

T r  

Maf ic Rocks 

5 

3 

2 

~ 0 . 5  

<0.5 

Tr  

14 ' 

T r  

1 Amphi bo1 i t e  

1 

40 

(38) 
6 

2 

T r  

T r  

<1 

<1 

T r  

4 7  

~ ~~ 

'Tr 50.10% . 
bExc lus ive  o f  f e l s i c  segregat ion.  o f  monzogranite composi t ion.  



TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAV 
CHEMICAL ANALYSES OF PRECAMBRIAN ROCKS FROM GT-2 AND EE-la zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Sample N o .  2580-26 2600-3 2844-2 3151-5a 3464-11 3464-16c 3694-1.1 

Oxides 

S i 0 2  73 .86  72.85 75.78 65.05 75.87 7 7 . 4 3  75.43 

T i 0 2  0 . 3 5  0.30 0.08 0 .56  0 . 3 0  0 . 1 1  0.12 

1 2 . 3 5  13 .15  1 2 . 3 5  1 6 . 0 0  1 1 . 7 0  11 .98  12.95 A1203 
1 . 5 8  1 . 2 4  0.53 1 . 1 3  1 . 2 3  0 .34  0.72 Fe203 

F e0 2.00 1 . 9 3  0.90 2 .59  1 . 0 3  0.38 1 . 2 1  

Mg 0 0 .67  0.68 0 .07  1 . 4 6  0 .20  0 .03  0.18 

C a O  1 . 7 2  1 . 3 2  0.45 3.15 1 . 0 0  0 . 6 9  0 .88  

0.046 0 . 0 1 5  0.036 MnO 0.074 0.050 0 .015  0.079 

SrO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.011 0 . 0 1 1  0.004 0 .043  0 .012  0.004 0.009 

N a  2O 3 . 7 1  3.25 3.0 4.50 3 . 2 7  3 . 4 3  3 . 2 5  

2.16 3 .72  5 . 5 0  2 .89  3 . 8 1  4 .68  4 .15  

0 . 0 7  0 .09  0.08 0 .12  0.02 0 .07  0.05 

0.48 0.54 0 .30  1 . 2 2  0 . 8 9  0 .54  0.58 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
L 

0 .33  0.14 0.07 0.69 c o . 0 1  c o . 0 1  0 . 0 0  c02 
0 . 1 0  0 . 1 0  0 .02  0 .18  0.05 <0.01 0 .04  '2'5 

T o t a l  99 .46  99.37 99.15 99 .96  99 .43  99 .79  9 9 . 6 1  

Barth Catanorm 

a P  0.22 

il 0.50 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
cc 0 . 0 0  

or  1 3 . 1 9  

ab 34 .43  

m t  1 . 7 1  

hm 0.00  

a n  8 .14  

C 1 . 1 5  

Q 37.08 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
hY 3.58 

0 .22  

0.43 

0 . 0 0  

22.66 

30.09 

1 . 3 4  

0 .00  

6.08 

1 . 8 2  

33.60 

3 . 7 8  

0.04 

0.11 

0 .00  

3 3 . 4 1  

27.70 

0.57 

0.00 

2.16 

0.78 

34 .05  

1 . 1 7  

0 .38  

0 . 8 0  

0.00  

1 7 . 4 3  

41.24 

1 . 2 1  

0 . 0 0  

1 4 . 7 5  

0.19 

1 6 . 7 9  

7 . 2 1  

0 .09  

0 .17  

0 . 0 0  

25.16 

29 .95  

0.77 

0 .00  

4 . 2 1  

1 . 8 0  

36.04 

1 . 8 1  

D i  0 .00  0 . 0 0  0 . 0 0  0.00  0.00 0 .00  0.00  

aAll analyses are from GT-2 unless designated EE-1. 
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TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAV ( C o n t ' d , )  

CHEMICAL ANALYSES OF PRECAMBRIAN ROCKS FROM GT-2 AND EE-la 

Sample N o .  

Oxides 

S i 0 2  

T i 0 2  

A1203 

Fe203 
FeO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MgO 
C a O  

MnO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
SrO 

N a  2O 

K2° 

H2° 

H2O zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA:;I 
c02 

'2'5 
To ta l  

3699-2 -1 

74 .42  

0 . 1 3  

12.80 

0.57 

1 . 0 8  

0.24 

0.77 

0.040 

0 . 0 1 1  

3 . 1 1  

5 . 0 5  

0 .02  

0.59 

0 .18  

0.05 

99 .06  

3703-2.1 

73 .30  

0 .13  

1 3 . 9 0  

0.64 

1 . 9 7  

0.66 

1 . 8 0  

0.087 

0 .017  

3.75 

2.05 

0 .09  

0.98 

0.14 

0.09 

99.79 

4279-2 4280 

72 .49  72 .15  

0.17 0.18 

13 .90  1 4 . 4 2  

0.60 0 . 7 1  

1 . 2 0  1 . 3 8  

0.40 0.46 

0.99 1 . 1 0  

0.047 0 .050  

0.016 0 .016  

3.15 3 . 3 5  

5 .30  4 .68  

0 .13  0 . 1 1  

0.96 1 . 0 5  

0 .03  0.04 

0.04 0.05 

99.42 99.75 

4282-M-4 

71.60 

0.22 

14 .28  

0.70 

1 . 5 3  

0.48 

1 . 2 8  

0.052 

0 .018  

3 .50  

4 . 2 1  

0 . 1 8  

1 . 1 7  

0 .23  

0 . 0 5  

99 .50  

4896-2 

7 3 . 4 5  

0 . 2 8  

1 2 . 8 0  

1 . 1 8  

1 . 6 5  

0 .23  

1 . 0 9  

0.065 

0 .015  

3 . 2 0  

4.75 

0 . 0 6  

0.64 

0 . 0 0  

0.04 

99.45 

4917-2 

74.27 

0 . 2 2  

1 2 . 5 0  

1 . 0 8  

1 . 4 0  

0.18 

1 . 0 3  

0 .052  

0.014 

3 .40  

4 . 3 3  

0.24 

0.80 

0 .17  

0 . 0 2 5  

99.71: 

B a r t h  C a t a n o r m  

aP 0 . 1 1  0.19 0 . 0 9  0.11 0.11 0 09 0 06 

il 

cc 

or 

ab 

m t  

hm 

an 

C 

Q zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
hY 
D i  

0.19 

0 . 0 0  

30 .78  

2 8 . 8 1  

0 . 6 1  

0 . 0 0  

3.60 

1 . 0 6  

32.97 

1 . 8 8  

0 . 0 0  

0.44 

0 :oo 
1 2 . 4 5  

34 .62  

0.69 

0 . 0 0  

8 .58  

2.76 

36.00 

4 .25  

0 . 0 0  

0.24 

0 . 0 0  

32.18 

29.07 

0.64 

0 .00  

4.78 

1 . 4 3  

29.18 

2 .45  

0 . 0 0  

0 . 2 6  

0 . 0 0  

28.33 

30.82 

0.76 

0 . 0 0  

5 . 2 6  

2.20 

29.47 

2 . 8 1  

0 . 0 0  

0 . 3 2  

0 . 0 0  

25.64 

32.40 

0.75 

0 . 0 0  

6 . 2 1  

1 . 9 8  

29.52 

3 .07  

0 . 0 0  

0.40 

0 . 0 0  

28.89 

29.58 

1 . 2 7  

0 . 0 0  

5 . 3 0  

0.57 

31 .75  

2.15 

0 . 0 0  

0 .40  

0 . 0 0  

26.37 

31.47 

1 . 1 6  

0 . 0 0  

5 . 0 7  

0.47 

33.35 

1 . 6 5  

0 . 0 0  

'All analyses a re  from GT-2 unless designated E E - 1 .  
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TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAV ( C o n t ' d . )  

CHEMICAL ANALYSES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOF PRECAMBRIAN ROCKS FROM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGT-2 AND E E - l a  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Sample No. 

Oxides 

Si02 

Ti02 

A1203 

Fe203 
F e O  

MgO 

CaO 

MnO 

SrO 

Na20 

K2° 

H2° 

H2O:;: 

'2'5 
Tota l  

4919-5 

73.52 

0.31 

12.55 

1.26 

1.79 

0.24 

1.04 

0.068 

0.014 

3.25 

4.48 

0.12 

0.86 

0.04 

0.03 

99.57 

4920-3G 

71.04 

0.14 

15.58 

0.20 

0.76 

0.12 

1.05 

0.022 

0.016 

4.18 

5.83 

0.08 

0.58 

0.00 

0.028 

99.63 

4 9 2 0- 3Peg 

73.20 

0.05 

14.50 

0.19 

0.65 

0.08 

1.20 

0.015 

0.015 

4.70 

4.24 

0.18 

0.61 

0.05 

0.01 

99.69 

5234-10 

68.88 

0.54 

14.74 

1.49 

2.64 

1.05 

2.91 

0.097 

0.014 

4.99 

1.46 

0.22 

0.75 

0.28 

0.16 

100.22 

5234-11 

67.76 

0.62 

13.78 

1.73 

3.71 

1.34 

2.92 

0.161 

0.014 

4.35 

1.94 

0.18 

1.00 

0.33 

0.157 

99.99 

5487-M1 

75.67 

0.12 

11.90 

1.12 

0.79 

0.08 

0.46 

0.029 

0.004 

3.00 

5.43 

0.19 

0.53 

0.08 

0.005 

99.41 

5 4 9 2 -M- 1 

29.35 

3.20 

1.53 

31.97 

23.65 

0.51 

0.50 

0.44 

0.006 

0.035 

0.10 

0.30 

- 
0.180 

98.98 

Barth Catanorm 

aP 0.06 0.06 0.02 0.42 0.34 0.06 0.57 

il 0.32 0.20 0.07 0.76 0.89 0.17 6.06 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
cc 0.00 0 .00  -0.00 0 . 0 0  0.00 0.00 0.00 

or 27.35 34.70 25.29 8.75 11.77 33.08 0.80 

ab 30.15 37.81 42.60 45.46 40.11 27.78 0.49 

nt 1.36 0.21 0.20 1.58 1.86 1.21 45.42 

hm 0.00 0.00 0 . 0 0  0 .00  0 .00  0.00 0 . 0 0  

an 5.13 5.05 5.95 13.48 12.68 2.15 1.60 

C 0.60 0.61 0.02 0.09 0.00 0.36 1.37 

27.36 Q 32.58 20.17 24.81 24.17 24.14 34.62 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
hY 2.44 1.18 1.04 5.27 7.32 0.56 16.34 

Di 0.00 0.00 0.00 0.00 0.90 0.00 0.00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
All  analyses are  from GT-2 unless designated E E - 1 .  a 
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TABLE V (Cont'd.) 

CHEMICAL ANALYSES OF PRECAMBRIAN ROCKS FROM GT-2 AND EE-la zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6344/ 

Sample No. 5654-1 5654-2b,c 6160-4 6356-4.6 7103-1A2 7103-1E3 7103-1H4 

Oxides 

Si02 55.08 55.11 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
T i 0 2  1.40 1.47 

15.62 15.45 A12°3 
1.92 1.82 Fe203 

FeO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MgO 

CaO 

MnO 

SrO 

Na20 

H-0 ( -1  K2° zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
L 

H20 (+ )  

7.27 7.00 

4.54 4.80 

5.22 5.05 

0.146 0.136 

0.022 0.023 

3.00 2.73 

3.01 3.61 

0.10 0.115 

1.26 1.29 

0.47 0.49 

0.505 0.52 '2'5 
Tota l  99.56 99.61 

c02 

Barth Catanorm 

aP 1.08 

il 2.01 

cc 0.00 

01: 18.35 

ab 27.80 

mt 2.07 

hl 0.00 

an 20.92 

C 0.00 

1.13 

2.13 

0.00 

22.14 

25.45 

1.98 

0.00 

19.27 

0.28 

Q 5.40 5.83 

hY 20.43 21.80 

Di 1.95 0.00 

68.91 75.93 

0.44 0.06 

14.00 12.30 

1.50 0.68 

2.43 0.87 

0.96 0.08 

1.70 0.43 

0.067 0.017 

0.022 0.004 

3.86 3.22 

3.40 5.04 

0.28 0.09 

1.41 0.72 

0.58 <0.05 

0.11 0.01 

99.67 99.45 

3.43 0.02 

0.63 0.09 

0.00 0.00 

20.58 30.62 

35.51 29.73 

1.61 0.73 

0.00 0.00 

0.00 2.13 

4.44 0.89 

29.24 34.72 

4.99 1.07 

0.00 0.00 

75.43 

0.06 

12.80 

0.53 

0.63 

0.14 

0.64 

0.012 

0.014 

2.44 

6.50 

0.10 

0.58 

<0.05 

< o .  01 

99.88 

0.02 

0.09 

0.00 

39.33 

22.44 

0.57 

0.00 

3.19 

0.68 

32.74 

0.95 

0.00 

71.01 

0.46 

13.29 

1.34 

2.93 

1.10 

2.26 

0.068 

0.019 

3.83 

2.09 

0.03 

1.01 

< O .  05 

0.12 

99.56 

0.26 

0.66 

0.00 

12.72 

35.43 

1.44 

0.00 

10.75 

1.02 

31.42 

6.30 

0.00 

65.14 

0.49 

15.43 

1.69 

3.92 

2.02 

3.55 

0.128 

0.017 

4.21 

1.83 

0.16 

1.10 

0.15 

0.14 

99.98 

0.30 

0.70 

0.00 

11.03 

38.58 

1.80 

0.00 

17.05 

0.45 

19.89 

10.20 

0.00 
~ 

aAll analyses are from GT-2 unless designated EE-1. 

bThis analysis corresponds to thin section no. 7103-lc. 
'This analysis corresponds to thin section no. 7103-19. 

dThis analysis corresponds to thin section no. 7103-li. 
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TABLE V (Cont'd.) 

CHEMICAL ANALYSES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOF PRECAMBRIAN ROCKS FROM GT-2 AND EE-la zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Sample N o .  

Oxides 

S i 0 2  

T i 0 2  

A1203 

Fe203 
FeO 

MgO 

C a O  

MnO 

SrO 

N a 2 0  

K2° 
H 2 0  

H 2 0  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( + )  

c02 

'2'5 
T o t a l  

9 6 07 -M7 

67.92 

0.80 

14.47 

1 . 8 3  

2.58 

1 . 4 2  

3 .38  

0.088 

0.032 

3.38 

2.62 

0 . 0 0  

0.65 

0 .23  

0.18 

99.58 

B a r t h  Ca tanorm 

a P  0.39 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
il 1.15 

cc 0 . 0 0  

o r  15 .92  

ab 31.22 

m t  1 . 9 7  

hm 0 .00  

a n  1 6 . 0 4  

C 0.40 

Q 27.09 

hY 5 .83  

Di 0.00  

9607-2b 

69 .29  

0.80 

13 .60  

1 . 5 7  

2.59 

1 . 4 0  

3.02 

0.082 

0 .030  

3.32 

2 . 7 0  

0 . 0 0  

0 . 7 3  

0.14 

0.18 

99.45 

0.39 

1.15 

0 . 0 0  

1 6 . 4 5  

30.74 

1 . 6 9  

0 . 0 0  

14 .24  

0.18 

29.18 

5 .98  

0.00  

ZE-1/6875-2 

76 .53  

0.10 

1 2 . 7 6  

0 . 6 2  

0.68 

0 .05  

0.44 

0 .04  

0 . 0 0  

3.30 

5 .17  

0 .00  

0.40 

0.04 

0.01 

100.14 

0 .02  

0.14 

0 . 0 0  

31.04 

3 0 . 1 1  

0.66 

0 . 0 0  

2.15 

1.06 

34.13 

0.69 

0 . 0 0  

EE-Il9877-B 

75.09 

0.08 

13.16 

0.42 

0.48 

0.21 

1.26 

0.03 

0.020 

3.29 

4.87 

9-02 

0.56 

0.06 

0.02 

99.57 

0.04 

0.11 

0.00 

29.42 

30.02 

0.45 

0.00 

5.93 

0.39 

32.47 

0.99 

0.00 

aAll analyses are from GT-2 unless designated EE-1. 
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TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAV (Cont'd.) 

CHEMICAL ANALYSES OF PRECAMBRIAN ROCKS FROM GT-2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAND EE-la zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Sample N o .  

Oxides 

S i 0 2  

T i 0 2  

A120 3 

Fe203 
F zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe0 

MgO 

CaO 

MnO 

SrO 

NaZO 

c02 

'2'5 
T o t a l  

7918-1b 

77.16 

0 .49  

10 .20  

2 .41  

1 . 8 8  

0.22 

1 . 1 8  

0.070 

0.019 

2.74 

2.92 

0.18 

0 .58  

<0.05 

0 .04  

1 0 0 . 0 9  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Barth Catanorm 

aP 0.09 

il 0 . 7 1  

cc 0 . 0 0  

o r  1 7 . 9 7  

ab 25 .63  

m t  2 .52  

hm 0 . 0 0  

a n  5 .83  

C 0 . 5 5  

Q 45.29 

hY 1 . 3 2  

D i  0 .00  

8 58 3-1A 

64.63 

0.79 

1 5 . 2 0  

2.33 

2.87 

1 . 3 1  

2.63 

0 . 0 8 1  

0.042 

3 . 0 8  

5.15 

0 .03  

0 .79  

0.15 

0.57 

99 .65  

8583-1B 9519-1 9520-3 9521-M1 3522-1 9529-2 

65.20 63.20 

0.80 1 . 0 0  

1 4 . 7 5  1 4 . 4 9  

2.60 3 .23  

2.88 3 . 0 3  

1 . 2 8  1 . 5 6  

2.99 3 .28  

0.080 0 .103  

0.047 0 .046  

3.15 3 .75 .  

4 . 3 1  3 . 9 0  

0 . 0 6  0.12 

0 .87  1 . 0 0  

0.15  0 .30  

0 .58  0.55 

99.75 99 .55  

63.96 75 .13  

1 . 0 2  0.03 

13 .90  1 2 . 9 5  

3.49 0 . 5 3  

2.84 0 . 5 9  

1 . 3 8  0.12 

3.28 0.80 

0.092 0.034 

0 . 0 4 3  0 .005  

3.22 4 .02  

3.94 4.92 

0.08  0 .09  

1 . 2 7  0 . 6 1  

0.40 <0 .05  

0.59 <0.01 

99.50 99.83 

1 . 2 2  1 . 2 5  1 . 1 7  1 . 2 9  0.02 

1.13  1 . 1 5  1 . 4 4  1 . 4 8  0.04 

0 . 0 0  0 . 0 0  0 . 0 0  0 .00  0 .00  

31 .24  26 .23  23.87 24.23 29 .43  

28.40 29 .13  34.89 30 .15  3 6 . 6 1  

2.50 2.80 3.50 3 . 8 1  0 . 5 6  

0 . 0 0  0 .00  0 .00  0 . 0 0  0 . 0 0  

9.57 1 1 . 3 8  1 1 . 2 4  1 2 . 3 5  2 .80  

1 . 2 8  0.96 0.14 0.00  0.00  

1 9 . 0 4  21 .76  1 8 . 0 4  21.72 29.12 

5 . 6 1  5 .35  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 . 7 1  4.45 0 .43  

0 .00  0 . 0 0  0 .00  0.48 0 . 9 3  

66.31 

0.86 

14.01 

2.28 

2.44 

1.30 

2.45 

0.08 

0.040 

3.44 

4.50 

0.07 

0.95 

0.33 

0.44 

99.55 

0.9s 

1.24 

0.00 

27.56 

32.02 

2.47 

0.00 

7.24 

1.04 

22.58 

4.88 

0.QO 

62.32 

1.24 

14.50 

3.83 

3.46 

1.53 

4.03 

0.104 

0.046 

3.28 

3.60 

0.05 

0.99 

0.15 

0.68 

99.81 

1.!7 

1.79 

0.00 

22.01 

30.48 

4.14 

0.00 

14.71 

0.00 

19.31 

4.98 

1.11 

aAll analyses are f r o m  GT-2 unless designated EE-1. 
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TABLE V I  

CHEMICAL COMPOSITIONS OF TYPICAL 
PRECAMBRIAN ROCKS FROM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGT-2 

Si zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO2 

Ti O2 

2'3 

Fe203 

FeO 

MgO 

CaO 

MnO 

SrO 

Na20 

K2C) 

H20(-) 

H20(+) 

c02 

'2'5 

(1  1 
64.27 

0.95 

14.48 

2.96 

2.92 

1.39 

3.11 

0.091 

0.044 

3.32 

4.23 

0.07 

0.98 

0.26 

0.57 

( 2 )  

72.08 

0.19 

14.20 

0.67 

1.37 

0.45 

1.12 

0.050 

0.017 

3.33 

4.73 

0.14 

1.06 

0.10 

0.05 

(3 )  

55.10 

1.44 

15.54 

1.87 

7.14 

4.67 

5.14 

0.140 

0.023 

2.87 

3.11 

0.11 

1.28 

0.48 

0.51 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

( 4 )  

65.05 

0.56 

16.00 

1.13 

2.89 

1.46 

3.15 

0.079 

0.043 

4.50 

2.89 

0.12 

1.22 

0.69 

0.18 

( 5 )  

77.43 

0.11 

11.98 

0.34 

0.38 

0.03 

0.69 

0.01 5 

0.004 

3.43 

4.68 

0.07 

0.54 

c0.01 

<0.01 

(1)  

(2) 

(3) 

( 4 )  

(5 )  

Biotite granodiorite (average o f  6 samples). 

Leucocratic monzogranite dike (average o f  3 samples). 

Ferrohastingsite - biotite schist (average o f  2 samples). 

Biotite granodioritic gneiss. [depth 960 m (3151 ft)]. 

Leucocratic monzogranitic gneiss [depth 1056 m (3464 ft)]. 
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TABLE V I 1  

COMPARISON OF CHEMICALLY SIMILAR ROCK TYPES 

AV. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASchist (m-2) AV. Amphibolitea AV. Dioriteb AV. Antiesite' 

55.10 

1.44 

15.54 

1.87 

7.14 

4.67 

5-14 

0.14 

0.023 

2.87 

3.31 

50.3 

1.6 

15.7 

3.6 

7.8 

7.0 

9.5 

0.2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- 

56.77 54.20 Si02 

TiOZ 

=2'3 

Fe203 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
FeO 

0.84 1.31 

17.17 16.67 

3.16 3.48 

4.40 5.49 

4.17 4.36 

6.74 7.92 

0.15 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC d O  

0.13 MllO 

SrO 

3.39 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3.67 Na20 

K2° 

H20 

H20 (+) 

c02 

'2'5 

2.9 

1.1 2.12 1.11 

0.11  

1.28 
11.36 ),.,6 

0.48 

0.51 

- 
0.3 

- - 
0.25 0.28 

??oldemart (1955). 

bClarke (1966). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
%ockolds (1954). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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