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Unoca! Geothermal Division 
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S2Gt2 Rosa, California 95406 

Attdched are tabulated results of XRD an~lysis and 
!"'2CDf1nais.se,nce petr-.ogr"'d.phic e~<amination for_, i6 dr--ill cuttings 

These 
resul~s, initially mailed to you late in December, and which 
we discuss2d ~or sever3l hcurs by telephone early in 1988~ 

2re reiterated and further interpreted in the text which 
-feoi.lc~..,;s .... 

Ei·_~r-,t -=:.c,>"EP le-=.. c-f the ''t:''--=:.er""ies- sr""'aup a;--~ domina:.:.ec by 
three principal rock type~: hornfels and allied intermediate-
compns:tion metavolcanic rock; guartz latit2 cr rhyodacite; 
and altered basic t8 intermediate-composition volcanic rocks. 
Th2 hornfels, restricted to sample 6-1, is essentially a 
fine-crystalline guartz-plagioclase-biotite rock witn m~nor 
horGblende and clinopyroxene. i~e 11-d'eve loped 8 t"'anob 12.-:::.t i c 
texture is locally present, and a few of the clinopyroxenes 
ar~ sieve-te~tured. Many chips, however, although 
mineralogically similar, lack these well-defined textures, 
an~ perhaps cculd be termed inte~medi2te-ccmposition 
met2volcanic rocks~ Yet other chips are moderately- to well-
foliated, and appear to be intermediate between hornfels and 
phyllite o~ fi~e-crystalline schist. Regardless of texture, 
hcv,e··./er-·, all -thes:.e t-.ocks a.ppea.r- to r:~ ... ve been metamor-·pho-:.ed to 
amphitolite gradea Hydrothermal biotite and amphibole are 
also locally present in sample 6-1~ but these tend to occur 
as r299ed replacements cf metamorphic mafics or in well
defined cross-cutting veinlets. It's possible that sample 6-
1 rEcurds contact metamorphism closely followed by high-
telnp2rature hydrothermal alt2ration. 

Samples 6-2 and 6-3 contain principally chips of quartz 
latite cr rhyod2cite~ consisting almost entirely of guartz, 
plagioclase af·id potassium feldspar (in decreasing order of 

This rock type is typically microcrystalline to 
fine-cry~talline and display~ well-developed granophyric! 
micrcpesmatitic, axiolitic and spherulitic textures. I've 
cbs~rved similar textures in the grancphyrically crystall1zad 
1n~s~~i~rs of· the major intracald~ra ash-flow sne?ts of the 



'v'.:=tlle-=: caloer--e_., Eve~ where intensely recrystallized, 
ho~ev~r, t~1ese ignimbrites retain at least vest~ges· of 
e~t2xi~i~ ~e:<ture -- apparently absent in the 6-2 and 6-3 

The spheru!itic a~d axiolitic textures of tnese 

l2~st p2rtially 9lassy and S~bsequently devitrified. Ft"'Offi 

the t~in-sactlons alo~e, I c~n·t say for certain if the rock 
r~pre-=~n~s a hypabyssal or subvolcanic intrusive, an 
extrusive dome, Qr a thick flow. 

Sa:T!f" le·:=: 6-3 thr""'ouqh 6-7 2.r"'e mo..::.t ly var .. i8us te~{tu.;--al 

v~riEties cf aitere~i intermediate to basic c~mposition 
vc l c.s.r; 2 c -3.P'..2 F erh2.p~. sut,vo l ·=ar; i c in t ~-·u.si ve r·oc ks ( d i ks·s?) . 
Aphyric clinopyroxene basalt or basaltic andesite is the most 

microdio~ite and microdiabase account fer trace to major 

phases (ciiscusssd in more detail below). 

al:11ost 
with 

minor biotite m1crosranodiorite (pos~ibly a chilled ~crder 
phasE or a dike r8ck) Basalt and andesite chips 
accc~p2nyrns the gra~odiorite in t~is sample cculd represent 
cc:-tt=_;nln2tlo;; f:---e<;T; hlgheJ--· 1n -the bor·ehole ... 

Altered~ bazic- to intermediate-compa~ition volc2nic 
rocks (basalts and basaltic andesites) are also the principal 
litho:ic:sies r·-e;=;r--esented in s .. :?.l'lples 8-1 tht""'ough 8-7~ These 
rocks are vi~tually identical to their counterparts in the 
''6''-series rocks. S2mples 8-3 and 8~A, in addition, also 
contain porphyritic guartz latite or rhyodacite. 
is the sac,e r·ock ty·pe a.s 6-2 and 6-3., 

S.?.mp l e 8-8 

The rocks cf all these cuttings samples are more or less 
hydro~hermally altered and c~t by hydrothermal veinlets; 
d1scr·ete hydrothermal veinlet fragments are also common~ 
Intensity of alteration appears to reflect principally 
crisinal chemical composition -- the more basaltic rocks tend 
to oe the most thoroushly altered. Principal alteration 
products in these basic rocks are chlorite (and chloritic 
mixed-layer clay>, epidote and leucoxene (probably mostly 
micrccryst2lline 5Phene); illite (with or without phengite), 
pct.;,_s=: . .iu.m feldps.pat""', actinDl i te, and leuco~-;:ene at'e 2lso 
present. Illite and phensite predominate as secondary phases 
in the mor~ felsic racks in these samplesa For example, the 
quartz latite of 6-3 contains about 11% illite plus phengitea 
~ic~.t cf the coc:t .... ser---cr"'y<.:::.ta:.2.1 ine guar·tz and Ct"'thocl2,se 
obs~r'ved in these f2lsic rocks is believ~d to be primary 
~athe~ thar hydrothermal; these pl1ases probably c~ystallized 
as micropes~1atitic ir1tersrc~·~h= late in the cooling ~istory 
of the hcst rock. Hydrotherm21 b~ctite is confined 
p~1~c1paliy to tj1e hornfels of sample 6-1~ and may have 
fot~med wiTh act1nol1te s~ortly after contact metanor~hism. 



Hy~rcthermal vein-fcrmine minerals in ~nese s~mples 
The princip&~ vein-formins 

mi~er~ls 2re 9uartz, caic:te, epidote, chl-3rite (with mixed-

~~bot'dlnate phases compr'ise potassium feldspar, actinolite~ 

preh~1te a~d wairakite~ Vein bictite occurs only in sample 
.• -
-=---~ ~ Fer other vein minerals occurins only locally or in 
trace ~mounts, please re~2r tc the attached tables. 

The altaratiOil and vein assemblas2s detect9d during this 
stuoy provide sener2l information about ttle tempera~ures cf 
the hy~jrot;1er;n21 fluids ~~om which these secQndary phases 

F~Jr ex2~ple~ epidote tends ta form above 
?40c~; p~enn1te abave 215~c; waira~ite abcve 210~c; 
ac~inc1~te =~~-~~ 22o~c; 2nd biotite above 220oC \~ore 

L'-'''''lD"~v .s:.bo·,, ... e :::::cu.;::>c) <e~s Br-~-o~,;ne~ 1"=?73~ 1.9134; Hulen and 
The mixed-layer cnlorite-sm~ctite detected 

in clay-fractions <especially frcm the !>8!'-series samples), 
if similar to that occurring in analoscus rocks in Icelandic 
sec-c.f'.2r'"'m2l could 

seotnermcme~ry basec only on alteratio~ mineralogy is at best 
an ~mprecise technigue, it seems certain that the reeks 

"6'' 2.nd 11 8'' sample series were once 

the opportunity to work with these 
part!cularly interestins drill cuttins~- I~ you have further 
questions concernins the X-ray or pe~rograph1c sisnatures cf 
these rocks, or if I can further assi~t you in your 
geothermal e~plorat:on a~d development work, please write or 
"telephone me a."G (801) -524-344.:S. 

Sincer"'ely, 

Yl~ 
. ...... "·t' --~- b. HL,l':::'~l 

B~cwns~ P.R.L=~ 1978~ Hydrothermal alteration in active 
geothermal fields: Ann. R2v. Earth Pl2net. Sci., ~' 229-

Br-·owr:e~ F' .. F .. L=;; i978~ Lectut""'2S on geother·m2.l geology and 
petrology: United Nations Univ~, Geoth. Training Pros., 
Rept. 1984-2~ 92 p. 

- -•. .' .. ~-. , D. L .. ,. 198~, Hydrothe~ma: alter~tion 
'. ., 

SeC''t~!E·:--·!1"!-3...1. Eedondo dD1Te 7 'v'a.lle-s 
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KEY FOR XRD ANALYSES 
FROM MARCH 16, 1988 

SAMPLE NO. DEPTH (FEET) 

6-1 7690-7700 
6-2 7160-70 
6-3 6820-30 
6-4 5710-20 
6-5 5260-70 
6-6 4620-30 
6-7 4910-20 
6-8 8230-40 

KEY FOR XRD ANALYSES 

SAMPLE NO. 

8-1 
8-2 
8-3 
8-4 
8-5 
8-6 
8-7 
8-8 

DEPTH (FEET) 

6460-80 
6140-60 
5840-60 
5400-20 
4660-80 
4120-40 
3200-20 
2660-2680 



for: Unocal Geothermal Division, Unocal Corporation -- Daniel Carrier 

16 Cuttings Samples 
MINERALOGY, APPROX. WT.%[ x] (or} RELATIVE ABUNDANCEO 

Bulk XRD L· l..j 1--j/ Wj i !.Jf}jr/ i. l w~ V£ 
' '/!1 'Jf J w~d ;j w J ;l'f/.;J!!'I!! l J!! "!, "M' '1!1 'ffl!! ,.• ';f:(§ c) ~ ~ y t; /, ' !Y 

SAMPLE NO. ~~~~&vj;/~J~~~~~~~~~oi~~ 
6-1 H- !?I 1R ?> '2. ~ i TR ~ 1f< '2. TR. 1 ~ 10 ?> liZ 
6-2 -4'2. ::0 ~ ~ TR. 1r<. 4 11<:" '2. 
6-3 ""~!? 21 10 TR '2. f ~ T~ 1R_ 1R f TR !I -w.~ ?> 
6-4 -4 ~ ?> '2. 7 ?> 0 !? lR. ~ B ~ f if 
6-5 II I "l!? !I ~ '2. 7 i lR. 1lz B i~ 
6-6 f I ~ 9 ~~ ?> 'T i f f 9 2 I?> 
6-7 19 m 10 "*- ~~ '2. !? '2. f I B TR. ll' lR. U~..ffc<. ~lllilol-l~tt» Rl!-· 

LIEF 
1 

L1:N( l?.fllEFRJJ-l 

6-8 ~ -10 17 ~ I I f TR ~ ~ I 1f:. I ~ I 

8-1 !0 "")?! q 2 () i ?> '2. !? 8 TR. 1z !? 0 ~ U~~t-i' HI6H ~ Mor-Ht6f-l 
1341ZEFRI~ ~JM. 10 bNH'IWl"TE 

8-2 I f * 7 ~ ~~- '2. -4 '2. ? 1k 9 f lR, 11:. '2. 10 
8-3 !7 ~ II I 10 '2. f ! "'l lf?. 6 TR~ lR, 111.. ?> !U 
8-4 !?> ?'!? B I !? !? T"- I ~ f B lR.~ 1R 1"- ?> 9 B 
8-5 2J :::0 !? f !? 4 '"" 4 '2. 8 !? lk. 1R 0 10 
8-6 {0 ~ !? 9 ~ !{1>1 i ~ '2. 4 lR. 1 1R '~'611'. ?> 7'~ !0 
8-7 r ~ 2 !!? ?> ~ B 1R TR_ -4 ~ i'2.. 
8-8 -49 'E) 19 ~ ~ '2. I '2. :2 

... ~~ """''""-AFI - <~'~J.~"'~<MB'.. 

®~ll'mrrE ~ ~ 10 
~ IP!).t-RJn ILLI"lE-

'j< !UT Wf!NCLINEP 
ei./11-J:::TIOJ..I 

~ @ ~"li(;f I'EUJN rmf{i' T L MIT ~ MAT ti.Jc:!L 
META512>ftE "--"""· 

MM =PREDOMINANT M =MAJOR m=MINOR Tr= TRACE ? =TENTATIVE IDENTIFICATION 

~ SUMMARY OF X-RAY DIFFRACTION ANALYSIS 
UNIVERSITY OF UTAH RESEARCH INSTITUTE, EARTH SCffiNCE LABORATORY 

"' 



for: Unocal Geothermal Division, Unocal Corporation -- Daniel Carrier 

16 Cuttings Samples 

SAMPLE NO. 
6-1 
6-2 
6-3 
6-4 
6-5 
6-6 
6-7 
6-8 

8-1 
8-2 
8-:J 
8-4 
8-5 
8-6 
8-7 
8-8 

I< lfJc!i.UIE; M INCR 
PHEJ-.t;lW.. 

1< lfu~J~J'i-lr 

!? 
TR~ 
2 
7 

t~ 
l 
I? 

B 
? 
7 
I 
I 

-4 
7 
~ 

IP 
9~ 
!? 

z 

4Q 
I? 
10 
II 

-4':1 
lf 
~ 
4f 

_!2__ WI I '2. 
':() 

!? 
'Y1 

llGD 
8'r 
9'f 
10 !? -p 

44 0 
'77 ? 
n. '7 
~ 0 
1~ TR"' 

7Z ~~ 
!"5- 10 
~ 

I 

MM =PREDOMINANT M = MAJOR m =MINOR Tr =TRACE ? = TENTATIVE IDENTIFICATION 

~ SUMMARY OF X-RAY DIFFRACTION ANALYSIS 
UNIVERSI'IY OF UTAH RESEARCH INSTITUTE, EARTH SCIENCE LABORATORY 



Sample No. 

6-1 
6-2 
6-3 
6-4 
6-5 
6-6 
6-7 

8-1 
8-2 
8-3 
8-4 
8-5 
8-6 
8-7 
8-8 

~~ ;~ 

I 

lv 117 .M 
}t; m 7,k m 117 -

m rm 111 
m 111M 

.v 1 m 7R 7-k' m 

_m[J..:M 
_7-k' MM. 

. 

Rock Types 

J..lMI m 1111 

mm 
m'Zk' 

lm' 

1!1 
IIi'! 
7k 

I?R /?t 

. Ro=><. 

;;ii ~ ~~~..,',%_'=lEua:"~-+-+--+--+~-t-+--+--+--l--t-+--+------l 
Q.i. I - ~(::Q(. M• ~ 

16 Cuttings Samples: Rock Types Observed During Reconnaissance Petrography 



Veinlets I 

j~~€1~4/; ~ Qf 't! tiJ'!f ~ ~ />! 

Samol e No. I ~ . Q f J'tlif!t:lfty jl 
6-1 y y t/ r CP!W 

6-2 y ;.y II' 

6-3 t/ "'Y ;/ ~. t/ y 1LL.I1E ?f'RilE. 

6-4 v t/, i/ t/ dH u:roE -<!J.l..Cl"TE 

6-5 i/ y'..._ i/ t/ i/ CHL -EP-LEUC04l 

6-6 v, i/115 v v' v' i/ v "" ",6 Wlni P( f. KF5P -"' ~ 

6-7 v i/ y" v v' v Q..IE. VJ.Jl-t. .~ ~l,.: 

~~r~~r.tl~~ 
6-8 -

8-1 v v' v i/. t/. v CAL ;.fiH_-:-PHENGilTE:. j 
<j)-CAL-:jLU"TE. -CJ-U,.:.. 

8-2 r v v v v WJ>J~-CH~lE 
l~ 

8-3 v' v v ( v 1='-!~G-!!HL-<!ALC!.lTE 

8-4 ( v v ( V1r< ~ • 01-<>'- J..EU:: .-1 
8-5 v v I v ( v. v ~NG.-c3-l~-

PH E.IJG.- WAlRAllJ~ 

8-6 v' v I""" v v y o-lL..-~-1-tS .. \ I QtL.-EP-
0-ll .. -~-~ L.EUCQI.. 

8-7 v .· y 
8-8 I "'v' 9'1"'- HO>JA7t1E 

WC...,,:i ~CR~-* T!TIC Q- . 1~-

"""""" 
®~.,:7~1-16"t""~ 

l'R_;~ 

PJ.!elJS11E"" ~M;ro ef'.D'M-: (....,.,. ,rrn;o 
Llf.H~! l!<t:~J-~1~ 
~1-rre. ~-

' 

16 Cuttings Samples: Veinlets Observed During Reconnaissance Petrography 



Bulk Analysis: 

Clay Analysis: 

SEMI-QUANTITATIVE 
MINERALOGIC ANALYSIS 
BY X-RAY DIFFRACTION 

-Methods and Procedures-

Representative one-gram splits of bulk samples are ground in 
acetone in an agate mortar to < 325 mesh (< 45 v) then scanned 
at 2°2g per minute from 2-65°2Q. Diagnostic peaks of minerals 
identified on resulting diffractograms are rescanned on dupli
cate samples. Approximate weight percentages of the minerals 
are determined by comparing diagnostic peak intensities with 
those generated by standard pure phases mixed in various known 
proportions. 

Bulk samples, at least 35 grams if possible, are sonically 
disaggregated in deionized water, allowed to settle suffi
ciently to yield the desired particle size fraction (generally 
< 2 v or< 5 v), decanted and centrifuged. The resulting 
slurries are smeared on glass slides and X-rayed at 1°2Q per 
minute following air-drying (2-37°) vapor glycolation for 24 
hours at 60°C (2-22°), heating to 250°C for one hour {2-15°) 
and heating to 550°C for one hour {2-15°). Approximate weight 
percentages of the layer silicates identified on diffracto
grams corresponding to these treatments are determined by 
comparison of diagnostic peak intensities with those generated 
by pure reference clays in appropriate mixtures. 


