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SAMPLE NO . 

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

DEPTH (FEET) 

KEY FOR XRD ANALYSES 

SAMPLE NO. 

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

7690-7700 Ned- ;i' d~f~ l.. 
7160-70 orJ,~ 
6820-30 
5710-20 
5260-70 l\~,.1~<" 
4620-30 <j)..."-

4910-20 e<>~ 
8230-40 \)<t f.f 

DEPTH (FEET) 

6460-80 
6140-60 
5840-60 
5400-20 
4660-80 
4120-40 
3200-20 
2660-2680 
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Ea -·· t.h S•= i. e;-iCe Lat'c'r-·2. t.::Jr""~,/ 
l!r,i\...-E-r···:ity· c~~ l_i7;a_h F~esear"ch In~.titLt~e 

3~!-~ Chipeta Way 
Salt Lake City, Utah 84108 

Dr. Daniel Carrier 
Unoca! Geothermal Division 
Unocal Corporation 
3576 Unocal Place 
SaGt~ Rosa, California 95406 

Attdched are tabulated re~~lts of XRD analysis and 
re~onnaissance petrographic examination for 16 drill cuttings 
samp!~s which ycu submitted in mid-Novembe~ 1987. TheEe 
resul~~, i ~ itially mailed to you late in De=ember, and which 
we discusse~ ~or several hours by teleph~ne early in 1988, 
are reiterated ana further interpreted in the text which 

Ei~;t-:t -=--:t:TlPle·:. c;: the 11 6''--:.er~ies srot_tp c-.. :r-"""9 dcfmin:a-::e;= t·y 
three principal rock types: hornfels and allied intermedla~e
comp8sltion metavolcanic reck; swartz latite or rhyodacite; 
and altered basic t8 intermediate-composition volcanic rocks. 
Th~ hornfels, restricted to sample 6-1, is essentially a 
fine-crystalline 9Uartz-plagicclase-biotite reck witn m~nor 
hornblende and clinopyroxene. Well-d~velcped grancblastic 
texture is locally present, and a few of the clincpyrcxenes 
ar2 sieve-te~tured. MaGy chips, however, although 
mineralosically similar, lack these well-defined textures, 
ant perhaps could be termed intermediete-ccmposition 
metav olcaric reeks. Yet other chips are moderately- to well
foliated, and ap?ear to be intermediate between hornfels and 
phyllite o~· fi!'!e-cr'yst.o:dline schist. Regardless o{ texture, 
hc~ever, all these rocks appear to have been metamorphosed to 
amphibolite grade. Hycrothermal biotite and amphibole are 
a:so locally present in sample 6-1, but these tend to occur 
as ragged replacements cf metamorphic mafics or in well
cefineci cross-cutting veinlets. It's possible that sample 6-
1 recurds contact metamorphism closely followed by high
t:?:nt=·e r-· e. t :_t: .. e t-"tyd t-·athe~"fTIC.l i:J.l -c2 t"a t ion. 

Samples 6-2 and 6-3 contain principally chips of quartz 
latite or rhyodacite, consisting almost entirely of quartz, 
plagioclase and potassium feldspar (in d~~reasing order of 

This rock type is typically microcrystalline to 
fine-cry~ta!line an~ displays well-dev~laped sranophyric ~ 

n1 ic:-·1.:pegm2titi:=~ a>~iolit:ic Ctnd sphet'ulitic t2>~ t ~_tr .. E~. I .. ,/e 
cbs~rvea similar texture~ in ~he sranophyrically crystall:zed 
:n~~~:~rs of t~e major 1ntracaldera ash-flow snests of the 



Valles calder~. Even where intensely recrystallized, 
hOII'IE- · ... -=-~' ~ t ;~~::::. e i:-3:,imb~··it~s r~ete. in at L:e.st vestiges· of 
E1...1 t2. : ~ i-:i:= -:;e .:d:ut'e -- a.pp~t~e:: tly absent in the 6-2 anc 6-3 

The spheru!itic and axiclitic tex tures of tnese 
sample·:;, t-,c-wevet', iRcii::.ate tha..t the or~igi:..:d t•cck was e.t 
l~~st p~rtially glasEy ~~d subsequently devitrified. From 
the t~in-sectlons alo~e, I can't say for cer tain if the rock 
repres~nts a hypabyssal or subvclcanic intrusive, an 
extrusive dome, or a thick flow. 

Samples 6-3 through 6-7 are mostly various textural 
vdrie t ies of aitere~, in~ermedlate to basic c~mposition 
volcanic anu ferhaPs subvclcanic intr~sive rocks <dikes?). 
ApMy~ ic cl1nopyroxen2 basalt or basalti= andesite is the most 
c~;r.;r,on t'OCi:. type; p •::<t'phyr~itl.c var-·ia..nts .:u~e a.lso pr.ese!it, and 
microdio~ite and microdiabase account for trace to major 
amounts. Orig1nel maf~cs are largely converted to secondary 
phases (discusEed in more detail below). 

Sa!TiF'le 6-~ i~- LtnigLtE ir1 thi~- g;-... c,LlF· , ccn:istins al!Tlost 
· 1 ' 7• n<.. t. ' 1 · b · · · t . . .._ entlre_y 07 ~- .. crys.a~ 1ne 10~1 e grancd1or1~E with 

min~ r biotite microeranodicrite (possibly .a chilled ~crder 
phesE or a dike roc k) . Basalt and andesite chips 
acc~~p~nyi ns the g r anodiorite in t~is sample could reoresent 
c '=::-:t::>_;,lln.?.tion f~·om h1ghe~· in the ·bat~enole. 

Altered ~ basic- to intermedlate-co~po~ition volcanic 
roc ks (basalts and basaltic andesites ! are also the principal 
lithologies re?resented in samples 8-l through 8-7. These 
roc ks are virtuall y identical to their counterparts in the 
11 6 .. - ·:.er ... i es rocks. E:2.i'T\P le~. 8-3 and s-·4, in addition, a.l so 
contain porphyritic quartz latite or rhyodacite. Sample 8-8 
is the sane rock type as 6-2 and 6-3. 

The rocks of .all these cuttings samples are mere or less 
hydro~hermally altered and cut by hydrothermal veinlets; 
d 1 sc r·ete hyd t•otherme.l vein let ft•agmen ts ar~e also common. 
Intensity cf altera~ion appears to reflect principally 
or1sinal chemical composition -- the more basaltic rocks tend 
to be the most thoroughly .altered. Principal 2lteration 
products in these basic rocks are chlorite <and chlcritic 
mi xed-layer clay ) , epidote and leuccxene <p r obably mostly 
micr··c=t~y:.ta'lline sphene >; illite <with Ot' without pt-,engite), 
potassium feldpspar, actinolite, and leucoxene are a!so 
presen t. Illite and phengite predominate as secondary phases 
i~ t h e mor e felsic r~cks in these samples. For example, the 
~uartz latite of 6-3 contains about 11% illite plus phengite. 
Most of the coarser-crysta!line quartz and orthoclase 
obso:r' ved in these fs-lsic r~cckE i~ believed tc• be pt~imary 
rat ner thar hydrot~ermal; these phases probably c~ystallized 
.:o·: m: :=~·· or:e·3 :-·,atitic int~ t's~··o\·.iths l.:t.te in ~he coc•ling t-.istcwy 
of the hcst rock. hydrot~ermal bictite is con~ined 
pr--i,..JCl?C.:i l y \, :=· t r·,e r~ c!:-'ri fel:; C1 f ~--3mpl~ t:·-1 ~ c:-.i1d me.y· t-"t2\-'E 
fwr- · rTIE ·j i·l iT ;·: 2t r...: t, 1 ! i C: l1 t e s~c~ r~- t l ;.' e. f 't2!'"" c: Clr f tact metar11~!""~ h 1 StTt . 



Hycrother~al ve i n-fcrminE m1nerals i~ these samples 
cc~ur 1n numerou5 ccmb1nations. The principa ~ vein-formins 
m1~erals a r e ~uartz, caic1te, epidote, chl~rite (with mixed
layer chlGrite/smec t i~e?) and il!it~ or phe~site. Important 
~ ubcrd1nate pna~es comprise potassium ~~ldspar~ actinolite 1 

prehn1te a n d wairak ite. Vein biotite occurs only in sample 
6- l . F~r o t her vein minera l s occuring only locally cr in 
trace amounts, please refer tc the attached tables. 

T~"·1e alta~-at:iC~'1 and vein e.ssembla32s detected dLwin ·; this 
stucy prov~de genera l informatio~ about the t~~peratures cf 
!;he hy;.H·-ot:-,er·;r•c:·. l f i L.i.id'-: ~~'om which ·!;hese ~.ec~ndat'Y ph,::.ses. 

240 °C; prenn1 t~ above 21~oc; waira~ite abcv e 210°C; 
act i nol~te above 280°C; and biotite above 220oC (mere 
COJi•;ncnly dbcv e 3 ·:=:!)""[: ) (e. s Br~ov.:n~~ 1979, 1984; HL!len and 
N1elson, 19S6 >. The mixEd-leyer cnlorit2-smectite detected 
in clay-f~ac~ions (esp~cially from the "8"-series samples>, 
i f similar to that occurring in analogous rocks in I=elandic 
ge•.::"thE7'!T!<?.l -fielc::., CQr_;l,j ir.diC?,te f~rmati.or. te:npet'at:..tres 
rang1ns between 200 ° C and 27o~c <Browne~ 1~84 ) . Al thou gh 
seo ~hermcme~ ry based onl y on alteration mineralogy is at best 
an imprecise technique, it seems certain tha~ the reeks 

• . r-· , . 
e~ , _ lc·cal l y 

. . 
t~~J t h ~ .. 6" ,e_r,d "Bif saJnple =:. e!"'"'·ie-~- were ar-1CE 

.:. i iVad <::-C f.:.y h y·d~'otl"'u?r·f!lal fluids e:<ceedir.g 2(,(lc:>C 
hotter tn~n 3oocc. 

Than ks very much fo r the opportunity to wcrk wi th these 
p a rt1cularl y in ter e s t ine drill cuttinge. I i you have further 
9uesticns c o ncerning the X-ray or pe~rcgraphic signatures cf 
these roc ks , or if I can furthe r assi~t you in your 
geothermal e xplcrat:on aGd development work, please write or 
te lephone m~ a t <80 1 ) -52 4-3446. 
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