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A·t,_:._-:tched ax-e tabulated t"esu.i ts of XPD analysis and 
r ... econnaiss.ance petr·Dgr .... aphic e;.~amina.tion fot'"' 16 dr-·i ll cuttings 

r~sul~s, initially mailed to you late in Dec~mber, and which 
•.·.;e di=:.c~ .. ..i.~-sed Tor"' se·-.rer·al hou.r·s by telephone e~a-·l>' in i9S8~ 
2re ~eiterated and further in~erpreted in the text which 

Eight sample·::; of the ;;6"-set .. ies. 8f'OU.p at"'l2 domina-tee by 
three principal rock typeE: hornfels and allied intermediate
compos:tion metavolcanic rock; q~artz latite or rhyodacite~ 
and altered ~asic to inte~mediate-compositian volcanic rocksa 
The hornfels~ restricted to sample 6-1, is essentially a 
f \.ne-cr·:;..-s-t-=,j_ line '4uar"'tz-pla:3ioclB.se-bioti te r ... cck wi -t:n minor--

Ma~y chips~ however~ although 
8ineral8gically similar~ lack these well-defined textures, 
.:?:.r:c' t=·et"'h-E.ps cc:·ul d be tet''med i nte~--med iate-c8mpos it ion 
metavolcanic rocks. Yet other chips are moderately- ta well
foliated, a~o ap?ear t0 'be intermediate be~ween hornfels and 
phyllite or fine-crystalline schist. Regardless of texture~ 
no~·ever~ all these rocks appear to have been metamorphosed to 
amphibolite grade~ Hydrothermal biotite and amphibole are 
a::..--=:-o l;::;call.y pr-·eser:t_ in sample 6-L, but these tend ta accut~ 
as r"'"a8ged r~epla.cements of metamorphic mafic.s or· in ~Jell-
cefined c~~ss-cutting veinlets. It's possible that sample 6-

reccrde contact metamorphism closely followed by high-
t21npe~at~~e hydrothermal alteration. 

Sampl2s 6-2 and 6-3 contain principally chips OT quartz 
~ati~e or rhyod2cite, consisting almost enti~ely of 9uartz~ 
pl2:3isc~e.se and prt.a.::.-=.ium feldspar (in d~Cr-"'ea.sing ot--det"' o-f 
~bunt.ic:.l•C2~ = This r·ock type is typically micr-·cct"'ys-c:a.iline to 
-fJ.ne-::~"'~/St~lline and displays well-developed 8t'ancphyr"i'::~ 

:!llcrcpegmatitic, axialitic and spherulitic textures. 

~ntEr:ors of the major intracaldera ash-flow sheets of ~ns 



Valles calder·a,.. Even whet ... e intensely rect"'y·sta.ll ized, 
ho~ev.et' 5 the~.e ig:nimbr .... ites retain at least vestiges." of 
eutaxitic texture -- apparently absent in the 6-2 and 6-3 
samples. The spherulitic and axiolitic textures of these 
samples 5 however, indicate that the original rock was at 
le~st par"'tially glassy and subsequently devitr·ified. rt .... om 
the thin-sections alone, I can·t say for certain if the rock 
rept""esents a hypabyssal or subvolcanic intrusive, an 
extrusive dome, or a thick flow. 

Samples 6-3 throusn 6-7 are mostly various textural 
varieties of altered, intermediate to basic composition 
volcanic a.nd perhaps subvolc:anic intr--usive r•ocks (dikes·?) .. 
Aphyric clinopyroxen~ basalt or basaltic andesite is the most 
csm<ncn r .... ock t:,rpe~ pcq--·ph)'t""'it:ic var--iants at""'e also p;-~esent, 2-nd 
microdio~ite and microdiabase account for trace to major 
a.mcunts= Orig1nal mafics are larsely converted to secondary 
pra~.e-~- (discus~-ed in more detail belo; ... J)" 

Sample almost / 
entir'"ely cT with 
;ninor biotite microgranodiorite (possibly a chilled border 
phase or a dike rock>= Basalt and andesite chips 
3ccompanyins the granodiorite in this sample could represent 
cc~taH1ination f;-->om higher in the bor•ehole .. 

~ltered 5 basic- to intermediate-composition volcanic 
racks (basalts and basaltic andesites) are also the prin~ipal 
liti·"}olcsies t"'epr··?sented in sa.lTlples 8-1 through 8-7 .. These 
rocks are virtually identical to their counterparts in the 
''6''-series racks. E-=.m~le·3 8-3 and 8-4~ in addition 5 -3.lsD 
con~ain porphyrit1c 9uartz latite or rhyodacite. Sample 8-8 

' .-. . .• ~ 

l~- as c-...:: ana o-.;;,, 

The rocks of all thsse cuttings samples are more or 1ess 
hydro~hermally altered and cut by hydrothermal veinlets; 
disc?~ete hydrothermal veinlet fragments are also common= 
Intensity of alteration appears to reflect principally 
oriainal chemical composition -- the more basaltic racks tend 

Principal alteration 
products in these basic rocks are chlorite Cand chloritic 
mixed-layer clay), epidote and leucoxene (probably mostly 
microcrystalline sphene); illite <with or without phengite)~ 
potassium feldpspar~ actinolite~ and leucoxene are also 
pr--e·:=.en;::., Illite and ph eng i te pt""edominate as secondar·y phases 
i.-, the mor-·9 -felsic r .... ocks in these samples. For ... e~-!ample'l the 
quartz latite of 6-3 contains aoout 11% illite plus phengite~ 
Mcst cf the coarser-crysta2line quartz and orthoclase 
c'b5er··v·ed i;1 thes:.e felsic f"'C'Cks i-s:. believed to be primat"'~l 

~atl1er than hydrothermal; tnese phases probably c~ystallized 
as mi~ropesmatitic intergrowths late in the cooling history 
!~f the hast ~ock. Hydrothermal biotite is confined 
~rinClPally to the hornfels of sample 6-1, and may have 
fot~med with actinolite snortlv after contact metamorphism. 



Hydrothermal vein-formins minerals in thes~ samples 
occur in numerous co~b1nations. The principal vein-forming 
minerals are 9uartz~ calcite, epido·te, chlorite (with mixed-. 
lay·er· chl.:::rf'ite/smectite-?) and illite ot' phensite= Impct"'tant 
subordinate phases comprise potassium feldspar, actinolite, 
pr'ehnite and :,..;air ... akite. Vein biotite occur ... s only in sample 
6-1. For other vein minerals occurins only locally or in 
trace amounts~ please refer to the attached tables. 

The al t:2r•ation and vein assemblages detected during this 
study pr"'ovi.de genet"'al in:fot"'mation about the temperatut ... es cf 
the hydrother1nal fluids from which these secondary phases 

For example, epidote tends to form above 
2:f.O=,::~ pr--er-,nite above 215-=-C; wairakite above 2iO=C; 
ac.tinclite a.bD\/2 280=C~ and biotite above 220oC (mor .... e 

The mixed-layer chlorit~-smectite detected 
1n clay-~~ac~2ons (especially from the 
if similar to thac occurring in analogous rocks in Icelandic 
seo~~e~mal fiela3~ could ina:cate formation temperatures 

Although 
:3e:.:::::,-ther-·mcme-:::~--y t:•a.sed only on 2~1 ter-ation miner-alogy is at best 
~·· ~mpracise techni9ue, it seems certain that the rocks 

'-- . 
!...' >' 2.nd ii8H ~-ample s.et-·ie·:=. ~..~.set"'e once 

extensively ~~vaded by hydrothermal ~luids exceeding 20o~c 
cin8 loc~lly hotter tnan 300=C. 

lhan~s very mucn for the oppor~un1~y to worK with these 
Par~l~wlarly in~erestins drill cuttinss. If you have further 

X-ray or pe~rographic signatures of 
these rocKs, or 1f I can further assist you in your 
secther~al exploration ard develop~ent work, pieas2 wr1te or 

2~<},. 

Sincet ... el~l, 

1978~ rlycrot~ermal alteraticn in ac~ive 

ft'1 't '' 

.1'-y78 5 Lectur2S on seothermal geology a.nd 
pe~rology: Uni~ed Nations Un1v~, Geoth. Training Pros.~ 
f..:2pt,., l7'84-2;~ 92 p,. 

h~l~n, J.~.~ and Ni2lson, u.L., 1986, Hydrothe~ma~ alteration 
.::.n -che Ba.ca. gec·the!" ... mal system 7 F~edondo dome, \/a.lle~-

J. Geophs. 1867-1886 .. 



for: Unocal Geothermal Division, Unocal C 

Bulk XRD 

SAMPLE NO. 

tion -- Daniel Carrier 

1;~-6/6-1 mo -noolff I !?t I I ~T?>-12 17 I f I Itt'{ [:';rTI<,T ~ ITR r 1-t I I ~ rl0f!'T~ 
1 l 6-2 -.n,.,o ~~I:VI12l-l I I -I~IT 1~1 I I~ I I I 14 111:~1 ~ 

1/ ) 6-36-'?a·.<o0-4!' 1211101 ITR ~~I If I 11fzl~l1k.I1J1. If I ITRI IH 11k~l ~ 
1\/6-4>1/o-.}•ll-41!:01?'1~171~1 101 I I!7I11Ziik.T.BI 1~1 Ill llt 

) 6-5 n bu- 1o~ II ~~I f I I I ~ I 2 I I 7 I I I f l1i<. 11fZ I B I I I I I I f~ 
7 6-6 'lr-zo -3o I I ~ 9 I~ ~ I 7 I I I 9 2 I~ 1 1 11 
l/ 6-7 'iJ!t> -..70 t9 m 10 ~ ~~ ~ !? ~ 1 1 e T~ 11' 1 1 III.~.;,~'W'e\'~11,\'.!iH ~-

6-8 g;;z~" . yo ~ -'10 17 ~ f I I TR 11:. 1ll. 1 1le_ I 1> l 

10g-B 8 -1 N6u -o-o 10 '"!? 9 ~ {) I ~ ~ !? 5 ~ 1R. !? ~ n:.. u~.~~1 Ht6H t.J, MOJ7-HI~J* 
eiRI=RU~ ~· 10 4llWWJ1E. 

( 8-2 fol'iO-to I I * 7 ~ ~~ ~ 4 ~ !? 1R 9 f ~ 1t. ~ 10 
) 8-3 SS'fo-loo 17 ~ If f 10 2 . I I~ 111. 6 TR~ ~ 1J:. ~ 1D ' 

/ 8-4 S'fo<> -.zo 11' -~ 5 I 7 !7 Tr<. I ~ f B ~~ 111. lR ~ 9 B 

\ 8-5 ';t6o -~ro ro ro !7 I !? 4 -rz 4 ~ B !7 lk. 11?. 0 10 
j_ 8 -61'/..i'Q -fO 11tl ~ !? ~ ~ j(O 1 ~ . ~ 4 1R. "' 

1'{ "~- ~ 7' 10 

l 8-7 j'uo -zo 7 14!:1 ~ 1!7 ~ 9 e lR TR_ 4 , 112 
'-· 8-8 .266o ,s'o -"!? 'E/ 19 _· __ , -~ 

- -----
1R. ~ I ~- ~ 

I ~ ~ Cl<lf<~ II I I I I I I I I I I I I I I I I I I I I I II t~~~>!Jlli ,_ -

I ~="f,,;lWaf,J'ri£ ~ I I I I I I I I I I I I I I I I I I I I I II* PUT"!~!~ .. 
I II I I I I I I I I I I I I I I I I I I I I I II® !t~ ~cW!f€-

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 



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

MINERALOGY, APPROX. WT.% x (or)RELATIVE ABUNDANCEO 

SAMPLE NO. I I • I • I • 

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

6-6 
6-7 
6-8 

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

~~~~MiNeR 

" fl?-Gef.131..'1' u.ICJ.-\J""" 
~}'!: $t_.AJ;ONI1E. 

!7 
liZ~ 

2 
~ 

I!' 
i 
f? 

e 
7 
? 
f 
I 

4 
~ 
~ 

liC 
q~! 
? 

z 

~ 
I? 
10 
If 

-4'1 
lf 
~ 
41 

8 1'~1 I '2. 
~ 
7 
~ 
!CO 
B'r 
9( 
iO 7 -p 

44 0 
77 7 
72 ") 

E". 0 
?0 Trz? 
72. ~~ 
~ !:'_ 
'5? 

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

~ SUMMARY OF X-RAY DIFFRACTION ANALYSIS 
UNIVERSI1Y OF UTAH RESEARCH INSTITUTE, EARTH SCIENCE LABORATORY 

-



Rock Types I 

6-2 H6o-'/D W. ' ~ 
6-3 b1 ~o -Jo 111 111 i.lM /l1 · RCO<. 

6-7"/'!!C-1' ~ ll1 ~ ll1 ~ 

8-1 M 7k 7k Ill! 1m ~ LATIOJ ,):!;;;'.),. C'""-u-

8-2 11.11'1 lm m IP! 
8-3 ll1 111 }J I~ 111 CHIP 

8-4 }< /II 7k !llf 1111 " 
8-5 rv: M l]k? 1111 1l<- > R.OO< 

8-6 &vl m I 'lie 
8-7 1?1 :MM 7/? 111 ' ~ 

8-8 !7k tMM 71{ 7k 

L" 'Ttc "" ,,? 4t.=:L<'C'--t-t----+--+--+-t-t----+-+--t--+---l-+-+--+------; 
. 

16 Cuttings Samples: Rock Types Observed During Reconnaissance Petrography 



Veinlets I 

~ 'Lifj 
I 

./of .,/f./ :f!~~f/; !!! 
Sample No. 8' !i I .7 J' /if~'Y~f:· '!l/1 

6-1 y r' _J/_ y CM-J 

6-2 v "V r' 

6-3 i/ "V r "· y y l:'ll rn=-1'11<l1E 

6-4 t/ ~". y' y CHl.O<f!E-<!.W!l1E 

6-5 v y',._ t/ v t/ CHL-1'?-l.EIJCO>'I.! 

6-6 v v"! v t/ v v v II II ''::ol@~ W11H P-1 t l<f'5P - : 

6-7 y yl !" v t/ v' ""'-~~~"'~ l:f~ ow 1 'l~L.. 

6-8 

8-1 0'" v v t/ t/ ~ v CAL ;f;H:." Pi-I.Et.J&Iie i 
(j)-c..!t.L -;Jl.L11E. -ern.:. 

8-2 ( v v y v. WAJ~-CHLQz.rn;-
L~ 

8-3 v y t/ ( v ~~!&-c!I-U .. -C!AJ..I!.lTI= 

8-4 ( y y v v,;.. v-n. .CI-\-Ef'-~.-1 

8-5 v v I 
y v v t/ I'Hl">JG.-CHL.-~ 

FHE!J&.-WAJ.RAJl..I,S 

8-6 y v f ""- v ( y O·IL ... -C!U.-H:ISMS.j Q-IJ .. -EP-
C!l4L. ~ CAL.-~ L.EUCQC. . 

8-7 v. ( 

8-8 v *v l"fZ-"""""'Tn!' 

"'fRO~ J4l,~-TITIC!. Q I -
GRCNI1ll . 

®W..w'~l W'i:"'~ 

11\=~ 

f'l.ei.IGill'=r='Mif,~ 
Ll f-it 11m-.l~f9;r !L-U ~. 

16 Cuttings Samples: Veinlets Observed During Reconnaissance Petrography 
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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 ~) 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 ~or< 5 ~). 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. 


