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INTRODUCTION

o Hydrothermal alteration in drill cutt1ngs from Thermal Power drillhole
]4 2 Roosevelt Hot Springs Thermal area, has been stud1ed petrograph1ca11y.
The hole is sited in alluvium approx1mate1y 1.6_km southeast of the old
Resort énd'was rotary drilled to a depth of 1866.0 m. The exact hole
location is 2310 FNL, 350 FWL, Sec. 2, Twp 275, Rge 9%, elevation 1908.5 m.
Core was’extracted from 792.5 tp 795.5 m. Thin sections were made fnom
samples at 15.2 m intervals of drill cuttings collected at 1.5 or 3.0 m
intervals during,dri]]ing@ Thin Sectioné were made of 1.5 or 3.0 m intervals
from 274.3 to 304.8 m, 487.9 to 581.2 m, and 868.7 to 899,2 m. These
intervals were chosen for elose-spaced sampling on the pasis of increases
~in temperature, porosity, conductiVity and acpustfc Velocity shown in geo-
physical 1ogs., A total of 153 thin sectionspf'cuttings were made, and an
additibne] 9 sectibns were made from the’core | Depths of thin Secfion'sampTes
are'listed in the eppendix A v1sua1 est1mate of the percentage of each

"rock type was made for each thln section

~ LITHOLOGIES |
The hole was dr1l]ed 1n al]uv1um to 76 2 m and in 1ntrus1ve 1gneous
'”rocks from.76. 2 to 1866 0 m. ThermaJor rock type}encountered is a medium
n'grained biotite hornblende monzonite Whicn‘has been,intrpded by a number
of ecidic and intermediate dikes. Dikes appear to be quantitatively nost [
~ abUndént in the upperppartvof the;ho1e'where acidic varietiee.predpminate,i

vIntermediate compOSitionvdikes occur7fhr6ughout."
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A ‘graphic Tithologic Iog is included in Figure 1.  Since samples are
-f'of rotary cuttlngs more than one lithology may be present in a thin section,
' and the log shows re]at1ve proport1ons of rock types. For presentation
,purposes the Tithology in a 1 5 to 3. 0 m sample at the top of 'a 15.2 m

. interval is shown to occupy the entire 15.2.m 1nterva1, except of course
for more closely sampled interuals. -

| In the fo]lohing lithologic desCriptions minera] abundances are visual

estimates. No point counts have been attempted. |

| Because of minéra]ogic‘similarities between the host biotite hornblende
rmonionite and the_acidic dikes,‘distinctfon between host and dikes has often
been difficult, particularly where both occur in the same sample. Thin
dikes are probably‘nore abundant than shown in the graphic log, Figure 1.
Several acidic dikes which occur in the core samp]e would probab]y not be
‘quant1tat1ve1y s1gnif1cant enough to be recogn1zed in a sample of rotary
cuttings from the same interval. A]so, small quantitles of intermediate
'd1ke materlal are present in many thin sect1ons, 1nd1cat1ng that such dikes

{

~are more common than is shown in F1gure 1.

vBlot1te Hornb]ende Monzonite

The maJor rock type encountered in the dri]]hole 1s a 11ght co]ored
med1um gra1ned, granitic textured blotlte hornb]ende monzon1te whlch probably
corresponds to the gran1te (Tg ) of surface maps. uV1sua11y‘est1mated
'mineral abundances are: S | L
K-fe]dsparAr " puy | 4b% -

Plagioclase  ~ 40%
Biotite 101
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Quartz , . 5%
Hornblende ' 1-2%
.- Sphene - N 7
Apatite tr.
Zircon tr.
Allanite,(?) - rare tr.
Opaques . .' ’tr.

_ M1croc11ne is the K-feldspar polymorph above 610 m; cross-hatch
tw1nn1ng was not observed below thlS depth. Perthite is ub1qu1tous and .
occurs as three textura] types, all of which may appear in the same sample.
The most abundant perthite type consists of nearly equant blocks, somet1mesn
with straight s1des, and usua]ly w1th a1b1te tw1nn1ng The second perthlte
variety forms as clusters of tiny parallel rods w1th tapered ends. A third
" perthite type consists of irregular e]ongate lamellae, occas1ona]1y albite
twinned, which appear to be less common than the Other types. Rare small
equant guartz’Crystals are also present. - A]l types occur: throughout the
“hole, though not all may be present 1n one sample.

: Plag1oc1ase occurs as subhedra] grains 5 to 2 mm in s1ze, and is .

| tcommon]y part]y a]tered to ser1cite calcite, chlorite, K—fe]dspar, c1ay, |
: ,}epldote and hematite B h = | |
_1‘ Biot1te forms c]usters of crystals 5 to 1 mm across w1th w1dth to
kephe1ght rat1os of greater than 2. |
Hornb1ende occurs as subhedra] crysta]s, sometimes po1ki]1t1ca11y

°fenc1051ng quartz and apat1te. Throughout most of the m\ddle portion of the}'df
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o dho]e‘original hornblende replaced by fine grained assemblages of sericite-

'ca1c1te clay—leucoxene,_or ch]or1te-ca1c1te-quartz leucoxene

| Quartz tends to be finer grained than fe1dspars or mafics and to fill

~interstices between them.

Accessory m1nerals are subhedra] to anhedra] ‘Sphene often,poikiliti-
cally encloses apatite, z1rcon and opaques -Sphene has often been comb]etely

altered to leucoxene, calcite and quartz. Sphene ranges up to 2 mm in Size,

- and apatite, zircon and the rare a]1an1te up to .5 mm.

Microgranite

Dikes of a light pink equigranular microgranite occur between 487.7
and 640.1 m, through parts of 685. 8 to 823.0 m, and between 1371. 6 and
~1386.8 m..  Thin dikes up to 3 1nches wide are present in core near 792. 5
a dm and may be common. throughout. the dr111ho]e.

Composition is estimated as: |

K-feldspar a0 |
Plagioclase ©30%
Quartz 3%
Biotite o 2%

‘-Sphene . ‘gjd'f" :‘tr.

,‘Apatfte L S = '.‘tr:,v
Zirédn FE . o

COpaques tr.

Allanite  rare
Mineralegrains'are*anhedra] to subhedral, quartz and féldspars often with

irregularly sutured.margins, and quartz grainsfare often multicrystalline.
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Fe]sicrmiherals are commonly .5 to 1 mm in size. Biotite flakes are thin,
and less.thgn -5 mm across. ‘No ex;dlution of plagioclase in K-feldspar
‘has‘OCEered, nor was'microcliﬁe twinnihg observed.’ | |
At dike margins in the core, a spotty replacement texture occurs where
rounded or elqngatefblebs of quartz have partia11y replaced feldspars. This

- spotted texture is_a]so,present 1n’$ome samples of cuttings.

Biotite Aplite Poiphygy
.A light colored fine grained rock with phenocrysts of plagioclase,

quartz, and occasional K-feldspar occurs'betweeﬁ 106.7 and 152.4 m. A fine
gfained, somewhat bandedvrock of simiTarVCOmpOSition is also observed be-.
tween 1097.2 and 112.5 n. |

Phénocrysts'are'anhedral, usually .5 to 1 mm'across, in a groundmass
of rounded quartz-grains and anhedré]iK-feldspar and plagioclase .05 to .1
mm aéross. | B | |

Estimated composition is:

k-feldspar 30
Pléé%oclase  ‘17 o 25y
Cqartz o
;Bioéfté FRT A 'S%
“ Sphéﬁé ..  ST e : tr.
Apatfte R | o tr.,
zieeon tr.

Opaques }_7 o B f%,'
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No exSolved p]agioclase or cross tWinning is observed'in K-fe]dspar
i Blot1te is green brown, rather ragged and has a w1dth to hETth rat1o of

greater than 2

'Biotite Hornb]endé Microgranodiorite

A fine gra1ned subequ1granu1ar b1otite hornb]ende m1crogranod1or1te
.occurs between 292. 6 and 365. 8 m.
 The estimated composition is:

K-feldspar - 20%

Plagioclase 308
' Quartz R R h’ 303
Hornblende = ,:'d'd 0%
Biotite ,.a;‘i “:o'ﬂ'f_ | '~10%’
pratite e ;53,‘:¥ 2%
shee

Fe]dspar and quartz grains common]y have d1mens1ons of about .5 mm.
K-feldspar does not exhibit any exsolut1on or twinning.

Quartz is distlnctlve in that it forms 1rregular1y shaped mu1t1crysta1-
l1ne aggregates .5 mm across made up of crysta1s less than 1‘mm 1n size.

‘ Maf1c mlnerals~are commonly 1 to .3 mm across, and hornb]ende is
usually rep]aced by aggregates of fine gralned greenish or brownish c]ay
minerals and ser1cite.“ | | |

Apat1te occurs both as needles and as large ( 1 mm) subhedra] crystals.

| Sphene is usually 2 to .3 mn across.




~ Biotite Hornblende Apatite Dacite

Fine'grained dikes of intermediate composition all containing rela-
| tively high percentage (2 3%) of apatite needles and of sphene (3%) occur
throughout the dr111hole. Compos1t1ons actually range from andesite to
: quartz latite. The dikes contain between 13 and 30% mafic minerals including
‘ 1biotite and hornblende, and in three sampies clinopyroxene. The pyroxene
has been altered to fibrous amph1bo]e, biot1te, carbonate, magnet1te and
‘minor fine gra1ned quartz. \ | | | ‘

The range. of grain size in these d1kes is usually .03 to .3 mm.

The most commonly occur1ng,d1ke type is a dacite. Above 610 m and
at 1249.7 m, greater quartz and K4fe1dspar percentages almost place these
dikes 1n the quartz latite compositional range. At 876 3 and 1356. 5 m‘1ow
_quartz and K~fe1dspar abundances and the presence of pyroxene mark the d1kes
-as andes1tes. A f1ne gra1ned altered dike at 1158. 2 m is - probab]y the ‘same
rock type. Samples on elther side of 876.3‘conta1n ch1ps-of a dac1tic rock
e | | B

The‘dikes hare been grouped into’four‘compositional types. Typical
compos1tions for each group are g1ven below, together with the depths at

whlch each type occurs

1158.2 - 1432.6  289.6

‘- Depth \(me_'t"e'rs)v 1249 7 1356.4 838.2 396.2
L '876.3 1508.8  167.6

e e 1844.0
k-feldspar 4 200 1 10 25
~ Plagioclase 3 30 60 . 60 40

Quartz'%fi, 0. -- 5 15
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‘Biotite 3 20 5 5 10
“Hornh]ende %. : ‘5 | 25 15 -3
L
Apatite¥  2-3  2-3  2-3 3
 Sphene % 3 3 33

Andesite
A very f1ne gra1ned rock composed of feldspars, chlor1te, m1cas clay,
' leucoxene and opagues OCCUrs: in sma11 quantities at several locations.

" Pyroxene may also be present.

'Crushed Fragments )

Fragments of stained, crushed fe]s1c mineral aggregates occur in small
quant1t1es throughout the drillhole Their or1gin is unknown. They may be

breccia adjacent to fractures along which tectonic movement has -occured,




"ALTERATION

Hydrothermal alteration has affected all rocks in the drillhole.
- Original rock textures are generally preserved Significant changes in
: alteration mineralogy and intensity are observed which do not appear to be

rock-type dependent

AlteratiOn‘was described in three ways: pervasive alteration mineralogy
was described by determining the alteration products of each of  the maJor
mineral’ species, vein and fracture fillings were described where recognized
and intensity of alteration was described by estimating the amount of destruc-
~ tion of.major‘mineral species."Becauseof the -nature of the samples {cuttings)
the relationships‘of mineralogy and intensity~to veins and fractures cannot
be determined, but overall patterns‘clearly emerge. Detailed results of - the
| alteration study are presented ih,Figure 1. | |
Pervasive alteration mineralogyhin any one'sample varies from chip to
: chip, and each chip or grain may not have all of the alteration products

ascribed to that sample

Variations in alteration intensity and also in mineralogy are- likely to be |

: caused largely by variations in distance from flu1d carrying veins and

' -iifractures Vein and fracture fillings and altered Selvedges have however E

:been difficult to recognize in the cuttings Fine grained chips of quartz,
- K-feldspar, or banded or compositionally zoned material have usually been g

ascribed to veins, as have chips composed of calc1te
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~Alteration intensity has been determined for plagioclase by estimating
~ the renge oprercent destruction of plagioclase within g sample. This range
'isjshonn as a ber for eath sample on Figure 1, and a cqrve of maximum plagio-
~ clase destruCtion is shown linking samples on Figure 1. This eurve prbvides

a sem1 quantitat1ve measure of relative a]teration intensity in the dr111~

: (bho]e. For biotite, hornb]ende and sphene on1y a qualitative measure of

. a]teration intensity is given._ With1n any one_samp]e unaltered, part]y
»v:aTtered, and tota]]y altered graihs'of a mineral species may occur. The
'presenee or absence of greins in;eeoh stétehof deStrdction is shown on
-Figure ] | L a

Detailed descr1ptions of alterat1on of each mineral type are
presented below. = ‘

Note that on F1gure 1 the a]terat1on assemblage in the top 1.5 or 3. 0 m
ﬂof a 15 2m interval is shown to represent the entire 15.2 m interval,

-except for the c]osely sampled regions.

K-feldsgar
Pr1mary K—feldspar may not have been hydrothermally altered at all.

Perth1te exso]ut1on textures are present in the b1ot1te hornblende monzon1te
~ host rock as described earlier, but- were not observed in any of the d1kes |
leferent perth1te morpho]og1es may have been formed at different times and '

one type at Ieast may have exSOIVed dur1ng reheat1ng by the geothermal

system.




| S 1n
:’_'Plagloclase N |
Both 1ntens1ty and m1neralogy of plag1oclase alterat1on vary markedly

w;th depth 1n the drillhole. Three zopes of intense alteration are recognized,

'1n which plagioclase may be totally‘replaCed. 'These.occur at 274.3 to 304.8
: m, 487. 7 to 581.2 m, and 868.7 to‘899 2 m‘ Mineralogy is described below

S Ser1cite replacing plag1oclase is almost ub1quitous and commonly occurs
’as f1ne disseminated flakes, and partlcularly in more intensely altered
-plag1oclase as masses or str1ngers. Coarser grain size 1s also apparent in
“ the more lntensely altered iones ‘ BetWeen‘approXimately'GlO and 730 m,
although 1nten51ty is relatively weak, occas1onal radial clusters of
 coarse ser1c1te occur. | | |
| Calcite occurs sporadically above 499 9 m as occas1onal small patches
in plag1oclase Between 499 9 and 655.3 m calc1te was not observed but at
3 ‘deeper levels it becomes much more abundant and w1despread |

K-feldspar 1s present as small patches 1n plagioclase above 487.7 and

~ . below 670.6 m. Although secondary K—feldspar is present throughout the

"lower‘portionlof thevdr1llhole, it,tends to_be rare in weakly altered rocks.

Chlorite,vexcept for rare occurrences between 292.6 and 365.8 m, does

"vnot replace plagloclase above'716 3 m. Belowtthis point chlorite forms h

str1ngers and patches of fine gralned, pale green, low b1refr1ngent crystals
Minute crystals of hematite are commonly dissem1nated in plag1oclase :

' above 716 3 m |

Rare brown1sh mica flakes were observed in plagioclase at l67 6-442. 0 m.
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Epidote in p]agiooiaSe is rare, but does occur between 152.4 and 365. 8

B ;m and ~also at 1371.6 and 1783.1'm as tiny clusters of anhedra] crystals.

Clay alteration of plag1oc1ase was not eas1ly recognized in thin section.
However, x-ray.d1ffract1on patterns‘of,clay fractton smears show the presence
‘_ of montnorillonite between‘228§6 and 502.9 m} This is probably a plagio- |

‘clase‘a}teration product. ,Mixedllayer clays appear in XRD patterns above
198.1 m, between 381.0 and‘624;8'm,,and are a]so/tentatiyely‘recognized

between 1112.5 and 1234.4. m.

Primary b1otite 1n al] rock types is brown to brown1sh green.

Ch]or1te commonly replaces-bjotite, Above 853.4 m chlorite is present
'in Only:very'sma11=amounts. but'belon’this depth and down to 1386.8 m most
‘biotite has been part1a11y or tota]]y chlorittsed Beiow 1386. 8 mfchlorite
cont1nues to be present but rep]aces on1y a sma]l proportion of b1otite
: crysta] 5. , | | | |
'jliEpidote in'smalllquantities_accompanfes chlorite below 990.6 m.

A'light green co]oration of biotite grains is. common above 853. 4 m

| but rare at']ower leVels.v This colorat1on is- apparent]y due to bleach1ng
' byvhydrothermalrsoiutions Both b]eached and ch10r1t1sed b1ot1te may occur ,

',»in the seme'sample;” ,

',f“Hornb]ende ‘

L1ght green hornb]ende occurs in the host monzon1te and 1n severa1 of

~‘dthe dikes A]teration products are f1ne gra1ned and of two d1st1nct1ve types.

>‘Above 792 5m hornb]ende has been a]tered to 1ight green or color]ess :
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., sericite + calcite, brown clayfand minor_leucoxene., Bright apple green
‘sericite stringers are sometimes present, -apparently formed along original
cleavages Below 992 5m the alteration products of hornblende are fine
'grained chlor1te, calc1te, leucoxene and occas1onal fine grained quartz.
Throughout the middle section of_the dr1llhole between 425 and l370 m:

',‘almost'total destruction of'originaldhornblende has occurred. Above and

_below this interval unaltered’or only'partially destroyed crystals predom--

,ninate' Where the b1ot1te hornblende apat1te dac1te dikes occur, chips are

‘ common w1th totally destroyed hornblende and Wlth unaltered hornblende in

the same sample

Sphene
_v Sphene occursiin'most'rock‘types."Alterationiproducts_are leucoxene,
calcite and quartz. Often'only pseudomorphs7of‘the original mineral'remain :
1 Magnetlte and pyr1te are common assoc1ates of. sphene, often enclosed with1n )
the sphene grain or. as pseudomorphs Pyr1te appears to have replaced pr1mary
magnet1te which has been poik1l1t1cally lncluded in the sphene.
4Almost total destruct1on of sphene has;occurred between 553 and 823 m

and also_betweenﬁgsp and 13551m;-

| Anhydr1t

Anhydr1te occurs sporadically in small amounts below 1524 m as one or
everal crystals 1n or adJacent to plag1oclase Crystals are up to .1 mm.

1n s1ze and often exhiblt (Oll) twinn1ng No anhydrlte veins were seen.
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Su]tides v. N

Opaque minerals were identified u51ng reflected iight Pyrite,iS'the
| pnly su]fide mineral definitely identified Cha]copyrite was tentative]y
‘identified at four locations. ' | N '

Pyrite occurs in two mainfaSSOCiations: .as‘a‘repiaCement product of
Primary magnetite, and asldisseminated7grains in‘piagiociaSe. VOne»V?in.
‘{_ pyrite occurrence was noted in drill core at 795.01 m. Pyrite does not S

'replace biotite or hornblende except in rare cases. Pyrite grains are
"usual]y anhedra] but equant | o
Above 701 m pyrite, though present, rare]y occurs in abundances of
.:,more than 1or2 grains per thin section However, the common presence of
alimonites above this levei may be due to oxidation of original pyrite. A

. Between 701 and 853 m up to 10 grains per thin section were noted, and

“*fﬂfbetween 853 and 1463 m more than 20 grains are common Below 1463 m

«abundance decreases to less than 20 grains per section (much less than 1%).

'd‘Limonites |
| Minor hematite staining was noted in th1n sections to per51st to 716.3
Lom. Throughout most of the hole some magnetite has. a reddish tinge in
efiected light suggesting partial ox1dation to hematite

Limonite is common in the upper part of the ho]e, and often forms veins,
l sometimes w1th calcite Limon1te aiso often cements sma11 brecc1ated aggre- v‘”

'“A»gates of fragments of feldspar and quartz biotite




Ve1n f1111ngs

“A number of d1fferent types of vein f11]1ngs are recognized in the

o drillho]e, and some broad patterns of vein mineralogy are developed

Vein fillings inc]ude quartz, K-fe1dspar, ca1c1te, ch]orite and ser1c1te,, |

/ 'ihvall of wh1ch may occur alone or in comb1nat1on w1th other m1nera]s Accessory

—vein f1111ng mater1als inc]ude montmor1110n1te. clays pyrite, magnet1te, L

‘:, hemat1te. (?) leucoxene, epidote. gypsum and possibly barite. These accessory

';;m1nerals are not common, and ep1dote, barite and gypsum were. noted on]y once.‘ f

Severa] vein]ets were noted 1n the drillcore. a quartz ca1c1te vein

: ‘1n a mlcrogranite dike, a quartz—calcite-sericite 1eucoxene veln, another

L f‘w1th minor barite and w1th quartz-seric1te-clay se]vedges and a magnetite-

K-fe]dpsar-chlor1te—pyr1te ve1n A]l except the first 11sted are in biot1te

a hornblende monzon1te

Ca1c1te occurs 1n veins throughout the drillhole, alone or in comb1nat1on :.ﬁf;]

‘”‘t'w1th other m1nera15 Quartz and K-feldspar are common vein f111ings above

71280 m. Chlorlte is noted in ve1ns between 731 5 and 914.4 feet, but

‘”_;only rarer below th1s depth Vein montmorillon1te (?) was noted near 274 3

m and at 1295 4 m. Sericite and/or und1fferent1ated cIays were seen between

‘487 7 and 883 9 m, and at: 1615 4 and 1706 9 m. | Gypsum was tentat1ve1y

B recogn1zed at 1432 6 m and barite at 1037 55 m 1n core Vein pyrite was

":seen 1n ‘core at 795 19 m and 1n cuttings at 579 1 and 1097 3 m.
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DISCUSSION

1_ Six different rock types ‘have been recognized in the drillhole, 1nc1ud1ng
‘,.three ac1d1c and two 1ntermed1ate dike varieties Intermediate dikes, the -
cdac1t1c and ande51t1c groups, probably correspond to the Tertiary mafic dikes
‘gof surface maps. The ac1d1c dikes may . correspond to the Tertiary aplite
f,fdikes of surface maps, they may be re]ated to the Quaternary rhyolitic vo]can-

'_uism, or to both or neither of these events.v Chemica] comparisons and/or age -

'?fdating are required to solve- this probiem
S T

Dri]]hoie 1ntervals chosen for c]ose]y spaced sampling were chosen on

},the ba51s of 1ncreases in. temperature and in the geophy51ca1 parameters

o _porosity, conduCtiV‘ty’.a"d acoustic veioc1ty Aiteration 1nten51ty is

"ffhigh in these zones and throughout the driiihole appears to correlate most
yf’jstrongly with 1ncreased porosity, though broad correlation with temperature :

'”7i1ncreases are seen._ ngh a]teration intensity aiso corre]ates with the

| ‘prresence of ac1d dikes': microgranodiorite between 295 7 and 381.0 m and

‘”Tfﬁfmicrogranite between 487 7 and 640 1 m.’ However other dike occurrences do

'J“’?§not appear to have such an assoc1ation The regions near the upper contacts

- P%ffﬂf?veloc1ty

x:,_}no f05511 alterat1onQ fiyﬁj

“fffof the two dikes mentioned show 1ncreased por051ty, conduct1v1ty and aC°U5t1C

"fcurrent geothermal system has not yet been reso]ved There may be iittie or

7,The prob]em of separating fossi] aiteration from that reiated to the f“fi?;ﬂT

vai:zonation about the i}ffji? i
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'fmiCrogranite dike does exist, but whether the zoning is actually about the

dike or about a zone of increased permeability is not evident. In the

micrpgranjte dike between 487.7 and 640.1 m sericite, together with

: hematite is the‘on]y alteration product of plagioclase. Biotite is
: bleached in the dike, chlorite after biotite is present on either side, and

"after p]ag1oc1ase on]y w1th1n about ]20 m on either side of the dike.

~The low overall abundance of alteration minerals in DDH 14-2 compared

to systems such as Wairakei and Ohaki-Broadlands in New Zea]and (Ste1ner,
' 1968, Browne and Ellis, 1970) and ReykJanes, Ice1and (Tomasson et al., 1972)
;may be due malnly to d1fferences in host rocks //ﬁt Roosevelt the major rock

‘ types are med1um grained, crysta111ne p]utonlc var1et1es wh11e the systems

‘7'noted above occur in fine grained, domlnant]y pyroc]ast1c, vo]canlc materia]
with higher pOrosity than crySta]line intrUSive'rock At Ohaki Broad]ands
'~1,’we1ded tuffs and 1gnimbr1tes W1th low porosity exhiblt 11tt1e a]terat10n

}a"despzte h1gh temperatures

Alterat1on products of pr1mary m1nerals in Rooseve]t DDH 14-2 are s1m11ar

“to those found 1n other geotherma] systems At 0hak1 Broadlands hornb]ende

Z rand b10t1te are rep]aced by ch]orzte, 1111te, ca1c1te, quartz or pyr1te
'd;(Browne and E111s, 1970) and at Walrake1 ferromagnes1an mlnerals are a]tered,f@:u
i“'.’to ch]or1te, m1caceous clays, quartz, ca1c1te, epwdote apat1te and pyrlte
1_i(5te1ner, 1968) At Steamboat Sprlngs hornblende goes to m1xed 1111te— o
"offmontmorillon1te and Fe ch]or1te B1ot1te is f1rst b]eached and then pseudo—'
zr";fmorphed by chlor1te (Schoen and Nh1te, ]965) Orlg1na1 b1ot1te and horn- |

"7;jb1ende are not reported from Reykaanes or from the Salton Sea. ;Pyrite:after e
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' ‘ferromagnesian'minera]s is not observed in DDH 14-2 at Rooseve]t, and apatite,
though present in altered hornb]ende, is assumed pr1mary since it also
woccurs in fresh hornb]ende |
| A range of plagioclase a]teration products is reported from different
geothermal systems. Browne and E1lis (1970) report that andes1ne at Ohaki- 2
v?Broad]ands is replaced by adu]ar1a a1b1te, calcite, 1111te, wa1rak1te,
L;ep1dote and quartz P]ag1oc1ase at Wajrakej has been converted to a
| ‘varwety of hydrotherma] minerals including montmorillonite; micaceous clays,
ecalcute, wa1rak1te, alb1te, K- fe]dspar, quartz and ep1dote (Ste1ner, 1968).
dﬂAt Steamboat Spr1ngs p]ag1oc1ase is rep]aced by illite- montmor1110n1te,
‘stca1c1te, albite, and at sha]]ow»depths by K-fe]dspar (Schoen and White,
"1955),.:spécific descriptions of p]agidcTase alterationrproducts'are not
 reported for Reykjanes or the Sa]ton’Sea; but’aibite and epidote oocur in
‘:fp1agtoc1a5e at'Reykjanes‘(TomasSOn et a1‘11972) ”In_the Rodsevelt syStem'
;?,‘wa1rak1te and a1b1te have not been recogn1zed 1n plagioclase, and ch]or1te
'fand hemat1te are common alteratxon products, in add1t1on to those reported
from other systems The presence of iron ox1de in p]ag1oc1ase in the upper

hpart of DDH 14- 2 may 1nd1cate that a1b1t1sat1on has occurred A1b1te at

| rOhak1*Broad1ands 1s clouded by iron ox1des presumab]y because of the Tow
"bfsolub111ty of Fe ‘in Na- fe]dspar relat1ve to K- and Ca- r1ch feldspar (Brownezr
_‘ffiand 51115, 1970) At lower 1eve]s the Fe appears to have been 1ncorporated‘fdfa
h"e7:é,1nto ch]or1te in DDH 14- 2 | | ”

Zeo11tes have not been 1dent1f1ed 1n Rooseve]t DDH 14~ 2 However s1nce

eszeo1ites most common]y f111 fractures and cav1t1es at other systems thelr
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,Lappafeht absence at Roosevelt could be due to sampling procedure. Much of
,the vein fi]]ing'material has probably been lost from the'cuttings |
| Secondary K-feldspar which rep]aces plagioclase and also occurs as a
vein f1111ng is assumed to be adularia because of 1its paragenes1s The
morpholog1ca1 character1st1cs which commonly distinguish adularwa were not
noted in plagioclase rep]aCements; though sone of the vein K-teldspar v
:exhibits variable extinction. No x-ray determinationsvhaVe been‘nade.
Epidote'is ajminor constituent in DDH 14-2 and is also a common

 constituent at depth in other systems. A difference between Roosevelt

DDH 14-2 and other systems however, is the presence of epidote at two

;1evels in DDH 14 2 Epldote occurs in sma]] quant1t1es in p]ag1oc1ase in
the upper part of DDH 14-2, is. absent in. the m1dd1e portion of the ho]e,
'f7and at lower 1evels occurs after b1ot1te a]ong W1th ch]or1te and at st111
‘greater depths reappears in p]ag1oc1ase | o U o |
| Anhydr1te 1s a very minor constituent in the lower port1on of DDH 14 2 {'
. and is also a common, if minor, constltuent at ReykJanes and at the Sa]ton |
.‘fSea (Tomasson et al, 1972 Muff]er and Wh1te, 1969) : Anhydr1te 1s_not |
"n;reported from New Zea]and geotherma] f1e1ds o

i

”‘t, A feature of DDH 14-2 s 1ts Tow tota] sulf1de content, cons1derab1y B

'"'frless than 1%, and 1ts apparent lack of su1f1de minera]s other than pyr1te,v“x

‘fetexcept for four unconf1rmed cha1c0pyr1te s1ght1ngs However, Timonite 1s
'1fvabundant in the upper part of the dr111ho]e and -may ref]ect greater or1g1na1.

:fﬂ]sulflde content than that downhole
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» ’Sphene, a'primary miheral at RoOseveit, isvreported as an a]teratien
‘:_mlneral at the Salton Sea by Muff1er and Wh1te (1959) |
o Ac1d sulfate alteration assemblages are present elsewhere in the Roose-
.ve]t geotherma] system but are not dlscussed in th1s report.
No d1scuss1on of phys1cochem1ca1 controls of alterat1on mlneralogy is

‘flncluded in th1s reportdf%’haracter1zat10n of the m1nera1 chemistry and the

L ff,development of a geochem1ca1 model to exp1a1n observed a]terat1on m1nera1

s;sfizonat1ons are subJects of the ongowng study at RooseveI%é;/

J. M. Ballantyne and W. T, Parry
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Figure 1. Hydrothermal alteration in Roosevelt Hot Springs DDH 14-2.
~Abbreviations: B, barite; C, chalcopyrite; Ca, calcite; Ch, chlorite;
- C1, clay; Gy, gypsum; H, hematite; K, k-feldspar; Mo, montmorillonite; -
Mt, magnetite; Py, pyrite; Q, quartz; S, sericite; Ti, leucoxene. =
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