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Attached are tabulated results of XRD analysis ana 

samples wh1ct1 you submitted i11 mid-November 1987. The:=.e 

_ (liscussec• ior several hours by teleph0ne early rn l~bd, 

es: hat~nfels and allied intermediate-
q~at~tz latite or rhyodacite; 

altered basic to intermediate-composition volcanic rocks~ 
The hornfels, restricted to sample 6-1, is essentially a 
-f i;iE-c lline quartz-plagioclase-biotite rock with minot~ 

~o~nble~de and clinopyt·oxene. l~ell~developed :3r·anobl2stic 
~exture is locally present, and a few of the clinopyroxenes 

Manv chlps, however, although 
mii,Era1ogically similar~ lack these well-defined textures, 
,.;:u-;d per-·hap:::. cou.ld be ter··med inter·mediate-composi tion 

Yet other chips are moderately- to well-
foliated~ and appear to be intermediate between hornfels and 
phyllite o~ fine-crystalline schist. Regardless of texture~ 

however~, all these rocks appear~ to have been metamorphosed to 
Hydrothermal biotite and amphibole are 

6~~J locally present in sample 6-1, but these tend to occur 
as t~agged replacements of metamorphic mafics or in well-
defined cross-cuttir1g veinletsc It's possible that sample 6-

~~ecords contact metamorphism closely follo1,-'<!ed high-
temperature hydrott1ermal alteration. 

Samples 6-2 and 6-3 contain principally ch1ps of 9uartz 
]atite or rhyodacite, consisting almost entirely of 9uartz 5 

plagioclase ar1d potassium feldspar (in decreasing order of 
abund2,nceJ- B This rock type is typically microcrystalline to 
fine-c;·ystalline and displays ~~~ell-developed gt-.... anophyr·ic~ 
micr~opegmatitics axiol~tic and spherulitic textures. I've 
observed similar textures in the granophyrically crystallized 
interiors of the n1ajor intracaldera ash-flow sheets of the 
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Even where intensely recrystallized, 
~Dv-ef::-:v··~~t"~ t:--~ese isnirnbr--ites t-'etain at least v.:~stiges· of 

et1taxitic te;~ture --apparently absent in the 6-2 and 6-3 
s2n•ples. l-he spherulitic and axiolitic textures of tnese 
':-.~-:0\.i"f!:;--'Je·::;; f·lo~-;,~ever--, inci:ic·ate th2.t the or-·i!_3if-l2l t"'DCk ~...;as ..::tt 
l~~st p2r~tially glassy and subsequently de-vitrified. 
~he thin-sections alone, I can't say for C2r~tain if the rock 
r·epres~nts a hypabyssal or subvolca~ic intrusive, an 
e;<cr~u::-:::iv·e t1C)fl!e~ or~ a thick flov..-. 

Sam~les 6-3 througn 6-7 are mostly various textural 
\/dl-JE-t=l-E~s of ,:;;_lter-·ed 1 inter~media.te to basic compo-sition 
-,_ .. ,_·,Jca;-·;lC ._:u--,rJ Fer·-·haps :::.ubvolcanic intr""usi·v·e r~ocks (dikEs·-;:-;. & 

t~iL clinopyroxene basalt or basaltic andesite is the most 
c_JJ>H;rc;,-; r-·c_:,c~k typ-e; pc•-r-·phy'r·i tic va!'"--iants a:_t""e .:::~l<.::'-0 pr:esent~ and 
IT!icrodio~ite and microdiabase account fo-r trace ~o major 

Original nafics are largely converted to secondary 
pl~dses (discLissed in more detail below). 

;...-::=: io..::o :•r,-in;;= lf"! this g•·oup., consisting alrnost 
,~;~:-t{n.z.-;; ;-r~·~~~;,lline biotite sr-·-e.nc;dicq·-·it-e ~L-Jith 

Basalt and andesite chips 
cculd 

~ock_ ,,_,asdl~s and basaltic andesites) are also the principal 

~~~tai~ porphyritic quartz latite ot~ rhJodacite. Sample 8-8 
y~~ as 6-2 and 6-3K 

these cuttir1gs samples are more or les-:::-
t~otl1ermally altered and cut by hydrothermal veinlets; 

Intensity of alteration appears to reflect principally 
or1sinal chemical composition -- the more basaltic rocks tend 
to lJe tf1e most thoroughly altered. Principal alteration 
products in these basic rocks are chlorite (and chloritic 
mixed-layer clay), epidote and leucoxene (probably mostly 
tT<icr-,c;::t-·y::::.talline ;;::.pheneJ~ illite (~--Jith or· 1.-"'-'ithoui:::: phengit-eJ~ 

potassium feldpspar, actinolite~ and leucoxBne are also 
preser1t. Illite and phengite predominate as secondary phases 
11--, the :nor---<:? felsic r--ocks in these samples. For' example., the 
quartz latite of 6-3 contains about 11% illite plus phengite. 

~~ather than hydrothermal; ti,ese phases probably crystallized 
as micropegnlatitic intergrowths late in the cooling history 
of the 1~ost rock. Hydrothermal biotite is confined 
principally to the hornfels of sample 6-1, and may have 
formed with actinolite shortly after contact metamorphism. 
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Hydrothermal vein-forming minerals in these sampl0s 
occL~r in flUOlerous combinations. 1-he princ1pal vein-formirlg 
ali~et~als are 9uar~tz, calcite, epidote, chl,~rite (with mixed-

suLardrnate pt1ases comprise potassium feldspar, actinolite. 
Vein biotite occurs only in sample 

For ott1er' vein minerals occuring only locally or in 
trace amounts, please refer to the attached tables. 

The a.l t-:?r--ation and \lein -3.ssemblages detected dLu--·in_'; this 
stud~~ provide general information about tt1e temperatures cf 
the hydrother1~al fluids from which these secondary phases 

Ff)r example~ epidote tends to ~orm abo~e 
24(J~C; prennite above 215~c; wairakite above 210=c~ 
actinolit0 abov2 28o~c; and biotite above 220oC \more 

Niels8n, 19E6J. The mixed-layer chlorite-smectite detected 
1r~ clay-frac~Ions 'esp2cially from the ''8''-series samples)~ 
if similat~ to ti1at occurring in analogous rocks in Icelana1c 
u~cT.he,--.--,-,al_ T i~ld=-~ _. __ ,._ .. l...-~ indicate- for'"ma:tion te;npe;-··atu.~~e-:; 

rans1ns between 20u=c and ~7o~c (Browne, 1984) Al 
920~hermome~~·y based ~~lv on alteration mineralogy IS at best 
~;·~ ~rn~~.-ec~se techrliqL~e. it seems certain that thE roc1~s 

' -· ·-· -· . - . -i. ,_,, __ -;;::' • .!. _;_ -.- ·-···-' •=· 

!hanks verv much for the opportunity to wor~ with tr1ese 

pat'ticularly Interesting drill cuttings. If you have further 
ques~1ons conce~nrns the X-ray or petrographic signatures o~ 
~hese t~ocks 5 or If r caG further assist you in your 
geoti~ermal explorat~on a~d development worK, please wr1te or 
telephone me at 'Q0' -524-3446. 

Sincer-·e-ly, 

1978., Hydrothermal alteration in a:.c--ci'-r'e 
fields~ Ann~ Earth Planet. Sc1.~ 

250~ 

1978, L~ctures on geothermal geology and 

~_;r;,o_ 

-"-..L.. .I 

petr'ology: United Nations Univ.! Geoth. Training Prog., 
Rept~ 1984-2, '7'2 P~ 

Hulen, J.B. a11d Nielson, D.L., 1986, Hydrothermal alteration 
in the Baca geothermal system, Redondo dome, Valles 
calder--a .. New r1e~-::ico: J- Geophs= Re<.=.E' 91 ~ 1867-18.86 .. 



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

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 

1< J:fl:FI <g. ~ CRI G< ""'--

~ffi;.e~ 1D 
®Gf<;BJ lf'C>I~RJGl ILL11E. 

~ 

I~!T~lR:I ?> I '2- I? I i 
~I:VIZZI I I I 111<. 

14" I .Zf I f0 I I TR I ~ I I 1 
-"1 1~1 ~T1. I 7 I? I I 0 
i!"PJPJTII 1?1~1 17 
f 1 1~1 9 I 11~ I ?' I 17 I 1 
19 I m I 10 I Trz I F I~ I I !? I~ 
~1401171~1 111 If 

f0 I '"I 9 I .z I 01 1 ~ 
1l I "71- I 7 llR. 11~ I .z -4 
f71~1lf!f 110 '2. 
f? I ??I B I f I !? ? I Trz 
2JI;;:c>l!? If I 7 4 
1161~1!? 19 I ~I J(<fj) i lK 

'T I~ I I .z I f!7 
491 ~IT'? 

--

TR. I~ 1"1: '2 I "JR. ~ I 10 I ? I liZ. 
liZ lR ~Tlk~l ~ 

"1R.IRI~I1R Trz H 111<..~1 ? 
!?l~ll!Z B ~ i I I if 
1 I "lR. llrZ B ~~ 
1 I I l 9 1. f? 
1 I I i B TIZI ll?' 
f IIRilR. 11<, 1l~lllf>l1 

'2171 151 l11<.llk.l!? 10 
'2l?llk 1911 llRI"RI '2 fO 
f I ~ llf I 0 I TR~IlR 111<. I ?' lCJ 
1 I'!? If I B ll'R:~IlR.IlRI? 9 

""RI-412.15 I !?llk.l1l<.l6 fO 
'2 I -4 I liZ. I '1 I llR l'~'41t I ? 7~ 

? I g I I B I llRITP,.I-4 ?J 
11"--.llR.I I '2. I I 1 I I~ :2 

B 

JO 
1'2. 

1R.. ~N Hl~f"t·.l HlGtf--Rt!­
I...IEF, t.DH ~'REfRi"-l~rJ; 

~ U~)QJO>Ni:J' HIGH IJ, MOb-HIGH I* 
BIRE=fRJ)JGa..IT ~IV\. 1t' f>.'.JH'fDRJIE 

tit/~~£fla'l<NE<. 

'/< a.lT Wji>JO-IN!W 
~~~~101-J 

@ tf&f'tl'i.lr'f'<. ~~WI'€-
META'5~ E 6L].6.5.. 

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

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



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

16 C tt
. s 

1 
MINERALOGY, APPROX. WT.%[L} (or)RELATIVE ABUNDANCE0 j 

Clay~Fr~~f~ona~kDes /1 '~~~ ;,~ . ./ £ ///~~ ' 
w ~~ :f A r; ;, 

SAMPLE NO. cr ~r~-- ~~ Jor 1 J.l; 
6-1 !? B W '2. 
6 - 2 llZ~ Jt! -::0 
6-3 z. 99 ? 
6-4 7 :;; ~ 

6-5 /1CC 
6-6 1~ B7 
6-7 1 'Z. 97 
6-8 117 !0 ? -p 

8-1 B ~ 44 0 
8-2 ? f? '7? 7 
8-3 ? f0 72 '1 
8-4 1 ll ef2. 0 
8-5 t 4'? 1 ~ lr<."~ 
8-6 4 li 7'2. ~~ 
8-7 7 rg ~ 10 
8-8 ~ 4f ~ 

*~MJN(::f<. 
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MM =PREDOMINANT M =MAJOR m =MINOR Tr =TRACE ? =TENTATIVE IDENTIFICATION 

~ SUMMARY OF X-RAY DIFFRACTION ANALYSIS 
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16 Cuttings Samples: Rock Types Observed During Reconnaissance Petrography 
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Veinlets I 

Samgle No. 
6-1 
6-2 
6-3 
6-4 
6-5 
6-6 
6-7 

8-1 
8-2 
8-3 v v 
8-4 
8-5 V V 1 V 
8-6 v .r 
8-7 y y 
8-8 
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16 Cuttings Samples: Veinlets Observed During Reconnaissance Petrography 
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