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v'ﬁfg;A;w Background

RS INTRODUCTION |

The Earth Sc1ence Laboratory (ESL)/Un1vers1ty of Utah Research Inst1tute T

(UURI), on beha]f of Los ATamos Sc1ent1f1c Laboratory (LASL) has completed a
g comprehens1ve study of cutt1ngs and well logs from LASL Well C/T-2 (Utah State
Geothermal Well 9-1) in the RooseveTt Hot Springs KGRA Beaver County, Utah.

-(F1gure 1. 1 and 1 2) The study was undertaken as part of LASL S Geotherma]

~ Log: Interpretat1on DeveTopment Program (Mathews, 1978), the ObJECtTVE of wh1ch

is the estab]1shment of an effectlve geotherma] Togg1ng 1ndustry in the United
'States. In support of th1s ob3ect1ve, Ph1111ps Petroleum Company has donated
the use of Utah State Geothermal Well 9-1 to LASL for calibration and testing
of weTT-Togging equipment in the hot; corrosive, geothermal environment. LASL
has renamed the weTT c/T-2. 7

ke]] C/T 2 was coTTared March 3 1975 and completed April 18, 1975 at a
-"_totaT depth of 2099.0m (6885 ft)' The weTT encountered anomaTousTy h1gh
_ temperatures (max1mum 227°C (440°F) at 2099 Om), but no s1gn1f1cant thermaT
fTu1d product1on zones. Cutt1ngs sampTes and weTT 1095 obtained by ESL for.
weTT C/T-2 have been stud1ed by various methods as here1n reported. The
report is organ1zed by spec1f1c ‘tasks outlined in Contract«No. 4-N29-4988H-1.

B. Location -

Well C/T-2 1s Tocated in the RooseveTt Hot Spr1ngs KGRA 1n Beaver County,

Utah. - The nearest town 1s M1Tford Utah wh1ch is served by regu]ar]y B

Yy

. schedu]ed commuter f11ghts.ﬁ The nearest renta] cars are 1n Cedar C1ty, g B

roughly 50 m1Tes southeast of M]Tford weTT C/T 2 can be reached by trave11ng

three m1Tes north of N1Tford on- H1ghway 257 then turn1ng east onto a graded

T e e e e
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Erplanauon for Gcolog:c Map and Cross Sect:on [F:gures 1 2. &1 3)
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'0pa11ne and cha]cedon1c s1nter

S1]1;a—cemented_a]1uv1um

Hematite-cementéd alluvium

CANuvium

Air-fall and non-welded ash-flow tuff

Diabase dikes -

_ Mfcrodiorité dikes .

'Branite dikes; fine-grained

Granite; medium- to toqrse-grained
Syenitei'medium-grained

Biotite granite; medium- to coarse-grained
Quartz monzonite

Biotite granodiorite' fine- to medium-grained

hgn Hornb]ende gne1ss medium- to coarse- gra]ned
meta-quartz monzonite .
PCbg "Banded gneiss; conSpwcuous1y layered feldspar- . - .
. quartz-biotite gneiss, schist .and m1gmat1te
— . ‘Contact dashed where uncerta1n '
63
YRV Fault, 1ntruded by m1crod1or1te d1ke, arrow shows dip
f"r”-‘\ Fault, dashed where inferred, dotted where concealed;
%0 arrow shows dip
Dvb
v Brecciation .
o _
)=/v = Str1ke and d]p of 1nc11ned and vert1ca1 301nts
G A ‘Stulke and dip of 1nc]1ned ard vert1ca] fo]1at1on
- R 7Prospect
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ot

county road and dr1v1ng seven miles.. The access road to the we]l takes off to
B the northeast. The county and access roads are marked w1th 51gns which p01nt
toward "LASL Well /2", o |

C. Geology of the Roosevelt Hot Spr1ngs KGRA:

The geo]ogy of Roosevelt Hot Spr1ngs KG RA has been descr1bed in detail by
Nje]son et al. (1978). In addition, a summary of the geology, geochem1stry
and geophysics_has been ouh1ished'bufWard et al. (1978),"Lithologic logs of
available holes can be found in liulen (1978) ‘and Nielson et al. (1978). An

"evaluation of weT1 1ogs'from Utah StatevGeothermal Yells 72-16; 14-2,-andf
52-21 and temperature gradient ho]evGPC—15'can be found in Glenn and Hulen
(1979a). ‘A more regional picture otithe geology of the centrai Mineral
VMountains islpresented in Sibhett and Nielson (1980);

‘The Roosevelt Hot Springs KGRA 1is located on the western edge of the
Mineral Mountains‘in Beaver:County, Utah..~Eibiorat%on:for geotherma]
resources at Roosevelt Hot Spr1ngs was 1n1t1ated by Phillips Petro]eum Company
in 1975. 'The known geotherma] resource is owned by Ph1111ps and a Jo1nt -
venture of Thermal Power, AMAX, and 0'Brien Mines. The geo]ogy of the
oresent]y known producing area is shoWn in'Figurell.Z, which also shows the
location of We11'C/T-2 and ten producing test holes in the Rooseve]t field.
In‘genera], the Roosevelt Hot Springs oeotherma] system is a hot-water
dominated geothermal resource. F1u1d temperatures 1n the produc1ng reg1on'are'
in excess of 2650C (5090F)‘ The geotherma] reservoir is structura]]y ‘
contro]]ed occupy1ng fau]ts and fractures wn1ch cut p]uton1c and high- grade
_metamorph1c rocks._.

The ]1tho]og1es which are present in the area are”described in detail in
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| Nle]son et a]. (1978) and S1bbett and Nwelson (1980) Theldetailed looéing of.

]

'ftlltho]og1es 1n ho]e C/T 2 w1]1 be related to the unlts observed in. the M1neraL

’ Mounta1ns.:1-t;:,i Ex 7]“w:f:‘ LT e .'f"Q; Lo '_v_Q _' _',J .

The structure‘of'Roosevelt Hot'Springs KGRA is dominated by three
principa]Afauit directions. .The‘otdest of these fau1tsbwas developed during a
period of ]ow ang]e norma] fau1t1ng. This activity has produced zones of
catac1ast1c, s1l1c1f1ed rock both’ a]ong the 1ow ang]e fau]ts and a]ong h1gh
ang]e faults in the hang1ng wa]] A second ser1es of fau]ts, trendlng

'generally east west, are high ang]e norma] faults and are thought to be falr]y
long lived structures. The most recent faults in the area are north-south to
northeast trending-normai fautts. These fau]ts are represented in the
.geothermal area by the Opal Mound hault (Figure 1.2) which has controlled the
dep051t1on of s111ceous sinter 1n the recent past.

N1e1son et a] (1978) proposed that the geotherma] product1on is

controlled by 1ncreased permeab1]1ty deve]oped at the zones of 1ntersect1on of

two or three of these pr1nc1pa1 fau]t d1rect1ons. These zones of 1ntersect1on:

are respon51b1e for an upper level reservoir zone and the geotherma] f]u1ds B
have been channe]ed from depth a]ong steep]y d1pp1ng fau]ts such as the Opal
Mound fau]t. - /

. F1gure 1. 3 1s an east- west geo]og1c Ccross sect1on of the Rooseve]t Hot

Spr1ngs geotherma] f1e1d through Well C/T 2.' Note that the ho]e is located

-west of a horst wh1ch 1s bounded on the east by the Opa] Mound Fau]t. A low

angle norma] fau]t passes through the ho]e at about 844.3m (2770 ft)
-re]at1onsh1ps wh1ch were mapped on the surface ho]d true within we]] C/T 2

" the hanging wa]] of th1s fau]t is extens1vely brecc1ated wh1]e the footwa11



“?ﬂ.fhas been 1ntersected on]y by an occas1ona1 dlscrete fau]t.‘ The rocks above R
: (’1* 844 3m (2770 ft) have been extens1ve1y altered by hydrothermal fl“‘d5-5'N°
"Jj;s1gn1f1cant f1u1d entrles have been reported and ‘the entlre ho]e lntersects

S “_rocks with low permeab1]1ty and is cons1dered dry.

IT. LITHOLOGIC LOGGING AND ALTERATION STUDIES

A. Methods and Procedures L

Dr]]] cutt1ngs from we]] C/T 2 were co]]ected by Phl]]]ps Petro]eum
Company general]y at 4 6m (15 ft) 1ntervals above a depth of 686 8m (2250 ft)
and at 3 lm (10 ft) 1nterva1 be1ow th1s depth to the bottom of the we]l.
These_cutt1ngs were thoroughly washed to remove dr1111ng mud and ]QSt,. |
circu]ation material. Chipboards were prepared_from small_portions.(roughly...
1.5 g) of the cuttings. = | |

Cuttings from well C/T 2 were f1rst 1ogged 1n deta1] by convent1ona]

.b1nocu1ar mlcroscope at 8- 40X magn1f1cat1on.“ Data 1ogged include 11tho]ogy,f

style and 1nten51ty of a]teratlon and m1nera11zat1on and phy51cal ev1dence off.’

,structural d1sruptlon,,1nc1ud1ng amounts of fault gouge, m1crobrecc1a and

mylonxte present 1n each sample. Th1s 11tholog1c log is presented on Plate 1.-"'

Petrograph1c study of se]ected cuttings samples from well C/T 2 resulted o

in more accurate characterwzat1on of rock types and a]teratlon phases

1dent1f1ed durlng b1nocu1ar m1croscop1c exam1nat1on. Seventy five gra1n mount

thln sect1ons were exam1ned. Half of each sect1on was sta1ned w1th sod1um R

/

‘ cobalt1n1tr1te to ald 1dent1f1cat10n of potass1um fe]dspar. The sect1ons were

..prepared from samples col]ected at roughly 30 5m (100 ft) 1nterva1s, except '
where 11tho]og1c complex1ty and/or alterat1on d1ctated closer samp]e spac1ng.

For representat1ve samp]es apparent]y cons1st1ng who]ly or most]y of a sangle
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‘lfiiest1mat1on and abbrev1ated po1nt count (200 300 po1nts) Such po1nt counts:?;tf.f

,.

’ﬁf are not adequate for determwnat]on of trace and m1nor m1nera1 percentages, but

are believed to be more accurate than v1sua1 est1mat1on for determ1nat1on of
‘maJor rock- form1ng m1nera1 quant1t1es.

Alteratlon m1nera]ogy in well C/T 2 was further 1nvest1gated by X-ray
d1ffract1on of clay separates (<211) from representative cutt1ngs samp]es. -
'The c]ay fractlon was prepared by pu]ver1z1ng a 109 sample sp11t 1n a Spex
.shatterbox. with tungsten carb1de components, pept121ng the pu]verlzed sample
with calgon, and centrlfuglng. X ray diffraction patterns were obta1ned for
orientedAsmears on-glass slides following air-drying, and, -if appropirate,
vapor glycolation and heating to 2500C (482°F"and 5500C (10220°F).

Mitroprobe'analyses of selected alteration and rock-forming minerals were

-'f”7ifrock type, modes were obtalned (Table 2. 1) by a comb1nat1on of v1sua1 *fﬁ[*

: ‘obtalned using a 3 channe] ARL electron m1croprobe at an acce]erat1on voltage‘u~

of 15kV. X- rays were counted at an average of 5 spots on each gra1n for

- approx1mate]y 16 seconds. C11nopyroxene and~kaersut1te standards . were used

~ for most maJor and minor elements. A b1ot1te standard was used for potass1um,f‘

a bar1um ox1de g]ass standard for bar1um ‘a f]uorphlogop1te standard for f,
f]uor1ne, and a scapo11te standard for chlor1ne. Bence A]bee matr1x
corrections (Bence and A]bee, 1968) were then calcu]ated us1ng a computer

program deve]oped by G H. Ba]]antyne J M. Ba]lantyne and w. T._Parry, of

"the Un1vers1ty of Utah Department of Geo]ogy and Geophys1cs._ Input for th1s "f .

_program requ1res an 1dea1 water content for the m1neral ana]yzed The 1n1t1a1

oxlde data are corrected by an Jterative routlne which y1e1ds succe551ve1y '




"i1]1978)

-

fﬁmore accurate approx1mat1ons of actual bound water content (Ba11antyne J M.,

R ey ceee :
. - . et -

) B.>» L1tho]09y, Alterat1on and Inferred Structure o ”
‘ A major fault zone between depths of 835.1m (2740 ft) and 844.3m (2770
ft; P1. I; Figure 1.3) divides well C/T-2 into two distinct structural,

lithologic, and alteration regimes. Above this fault zone, 1ithology'is

complex, alteration is moderate to locally intense, and evidence of structural

d1$rupt10n is abundant.' Below the fault zone on]y a few rock types are . ;
present, and these are re]atlvely unbroken and on]y weak]y a]tered.

L1tho]oglc units def1ned through logging well C/T 2 have been tentatlvely
correlated with rock types mapped at the surface and identified in other wel]s
and drill holes w1th1n and near the Roosevelt Hot Springs KGRA by Nielson et .
al. (1978) and Sibbett and Nlelson (1980) Correlation was accomp]ished
pr1mar1]y through compar1son of ch1p samp]es from well C/T 2 with: e -
representat1ve surface samp]es crushed, screened, and washed to s1mu]ate dr1ll
cuttlngs. i | A |

' Cutt1ngs co]]ected from we]] C/T 2 are extreme]y fine, averag1ng less

than 0.5mm in diameter above 899.4m (2950 ft) and ]ess than 0.3mm in d1ameter L

-below this depth The minuteness of these cuttings may h1nder accurate

character1zat1on of certa1n parameters in the well, such as gra1n size and

texture of coarser gra1ned rocks. D1fferent m1nera]s in a g1ven rock may also

'Vhave responded dlfferent]y to f1ne grlndlng at the dr111 b1t in C/T 2. ;'~
'Feldspar and quartz, for 1nstance would pu]ver1ze read1]y, the or1g1nal
- fe]dspar and quartz ina rock cou]d be powdered and removed from cutt1ngs '

a]ong with dr1]]1ng mud dur]ng sample co]]ect1on and washing. Thls process

. T I




'fnould yield a cuttings sample richer in biotite (and thus denser) than the
Trock penetrated: T o e e
References to grain Size and texture of a given rock type in the‘

discussions which fo]iow apply only where drill chip size permits description
of these parameters. In general, grain size can be determined with
re]iabiiity only above avdepth of 899.4m (2950 ft). Be]ow this depth drill
chips average about 0. 3mm in diameter, less than the average grain size of

- most of the rocks. Modes for 61 samp]es from C/T- 2 as determined by
p0int counting and Visua] estimation, are presented in Tab]e 2. 1.»-'

1. Lithoiogy

a. Biotite- Quartz Feldspar Gneiss. Several zones of fine- to

medium-grained biotite-bearing gneiss were penetrated in C/T-2, but only above

“the major fault zone centered on 838. ém (2750 ft) does this rock type occur in

‘significant quantities. The gneiss is common]y fo]iated, even in dri]]

‘ cuttings. Identification of massive’ gneiss is based upon Similarity to .
coeXisting or nearby foliated varieties and upon compariSion With surface
samples of gneiss crushed to Simulate dri]] cuttings. B

Both fo]iated and massive (in_cuttings) gneisses in the drill hole are
typically xenomorphic to hypidiomorphic finee to medium-grained aggregates of
quartz, feldspar, biotite and hornblende, in highly variable ratios, with
re]ative]y»high apatite content, minor sphene and magnetite-iimenite,vand
local traces of zircon. Intergrain boundaries, where preserved,‘are highiy

'. irregu]ar, and may show mortar texture. Quartz is genera]]y strained and'

' typically forms irregu]ar aggregates--e]ongate in fo]iated varieties--of

sma]ier interiocking irreguiar grains. P]agioclase (An O—An30) is common]y
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w'ﬁgAthnned occas1ona]]y k1nk banded. and may ShOW vague gradat1onal norma]

1,0<

.'2Aivzon1ng.‘ B1ot1te a]so 1oca1]y k1nk banded, shows ye]]ow-brown pleochro1sm and

" forms lrregular gralns w1th ragged term1nat1ons wh1ch may show sub paralle]
a]lgnment. ~These b1ot1te grains are often r1dd1ed w1th inclusions of ‘
magnetlte 11men1te and/or apat1te. Potass1um fe]dspar, common]y with

m1croc11ne tw1nn1ng, ‘occurs both as 1arger gralns 1ntergrown w1th other

rock- form1ng m1nera]s and as m1nute 1rregu]ar 1nterst1t1a] gra1ns. Hornblende

r'typ1ca1]y forms rather stubby subhedra] crysta]s wh1ch are p]eochro1c from
medium brown1sh green to deep bottle green." | | |
Two var1et1es of apat1te are usually present in the gneiss: 1) 1arger

stubby crysta]s up to 0.2mm in ]ength with 2:1 to 4 1 length:width ratios and
B 2) minute acicular needles less than 0.02mm in length. The former tend to be
,concentrated 1n mafic m1nera]s whereas the Jatter are concentrated in
P]agloc]ase. '_? ";i-‘f'iff:f?i;13li;;;:9-wié.; ;sw;f"'*-l‘".” | -
| Sphene 1n the gne1ss (up to 5%) forms 1rregu1ar crysta]s up to 0. me 1n
max imum d1men51on as we]] as aggregates of these crysta]s up to 0 7mm in.
‘ max imum dimension. Sphene may a]so form d1scont1nuous rlms around

-magnetite- i]menite gra1ns.

Var1at1on in compos1t1on, grain size, and fo]1at1on of the gneisses in

c/1-2 causes them to resemb]e other rock types. Felsic var1et1es may resemb]e;ﬂf

gran1t1cuqntrus1ves. ,Maflc gne1sses, 1f suff1c1ent1y f1ne crystalllne may
~look l1ke Tert1ary m1crod1or1te d1kes.u For examp1e between 826m (2710 ft)
‘,and 835 lm (2740 ft), a dense dark green1sh gray rock or1g1na]1y 1dent1f1ed
7fas m1crod1or1te was 1dent1f1ed 1n th1n sectlon as a very f]ne gra1ned gnelss.‘

’,

- A]] the gnelsses in C/T 2 occur w1th coarser gra1ned gran1t1c material.
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This QranitiéArack, represénts either felsic segregatfons, original
composifiona] vafjations, or intrusfons jnto the gheiss. o

Comparisdn of-the gneigses in C/T-2 with surface rbck types described by
Nielson et al. (1978) and Sibbett and Nielson {1980) strongly suggests |
correlation with the Precambrjan'banded gneiss (PEbg; Nielson et al., 1978, p.
8), the oldest rock exposed within the Roosevelt Hot Springs KGRA. In thin
section, thé granftic'rocks associated with gneiss above 798.5m (2620 ft) in
C/T-2 (213.3-222.5m (700-730 ft), 276.8-280.4m (905-920 ft), 307.8-312.4m
(1010-1025 ft), 317.3-320m (1040-1050‘ft); 332.2-336.8h (1019-1105 ft)) are
observed to range in composition from granite to quqrtz monzonite.  They are
xenomorphic to hypidiomorphic-granular aggregates of quartz,'potassium

feldspar, plagioclase, and minor biotite with accessory apatite,

magnetite-ilmenite, and sphene and traces of zircon. An absence of hornblende

and relatively high quartz content, together with local foliation and .
development of strong undulatory extinction in quartz, distinguish these

granitic rocks from others in the hole.

b. Biotite-Pyroxene-Hornblende Diorite. A very distinctive

pyroxene-bearing diorite was penetfated in well C/T-2 in scattered intervals
between 483.1m (15851ft) and the major fault zone at 844.3m (2770 ft). With
the exception of cataclasite, to_bé discussed in a gubsequent section, the
diorite is the most pervasively qnd strongly alteréd rock type encounfered‘in
the drill hole. The.a]teratfdn commbnly obscuresborigfna1:mfne}ajogy‘and
texture; so that thé diofife may bé mist§ken for the maf{c-richAgneissiw%tH

" which it commbn1y‘occurs;4'The latter, however, is devoid of pyroxene,




_relat1ve1y 1mpover1shed.1n hornb]ende and magnetite- 11men1te, and enr1ched in
biotite and quartz, The d1or1te is also 1nvarrab1y massive and equ’QFB”U1ar’
while the gneise is commonly well-foliated. | |

’The diorite has no reported surface equivalent at Roosevelt. Of rock
types mapped within and near the KGRA, only the hornblende gneiss (hgn),
bjotite granodiorite (gd), and biotite diorite (Td) (Sibbett and N1elson,<
1980; N1elson, et al., 1978) are even ‘vaguely similar to the diorite.in C/T 2.
Except for Tert1ary microdiorite, the hornblende gne1ss (hgn) and b1ot1te
diorite (Td) are the only surface rock types reported to contain pyroxene ‘but
in much lower amounts (tr.-1%) than the diorite in C/T-2 (up to 13%). The
diorite in the hole is also much richer in total mattc minerals. The biotite
- grandiorite (ad) is maf1c rich, but with no r°ported pyroxene. Nielson et al.
(1978), however, describe th]S rock as "h1gh]y var1ab]e - Possibly the'
diorite of C/T-2, with its high mafic content and lack of schistosity,'may,oe_
a pyroxene-rich variant of eitherrthe'biotite diorite (Td) or biotite

granodiorite (gd). . - R -.':.7 ' e



In thin-section, ‘the diorite appears-as a fine-grained equigranular
aggregate of p1agioc1ase, hornblehde, b{otite, and pyroxehe.with.minor qaartz,
K-feldspar, magnetite-ilmenite, and sphene and traces of apatite and zircon.
The rock typically shows a distinctive, well developed mosaic fabric, but may
also be xenomofphic- to hypidiomorphic-granular.

P1agioc1ase (An3p_3g)» averaging about 30 volume percent of the diorite,

typically occurs as equant to s]1ght1y e]ongate grains up to 1 mm in diameter
or length wh1ch are very commonly tw1nned The twinning is seldom parallel to
grain boundarles and is often k1nk-banded. The plagioclase is invariably
partial]y altered to various combinations of sericite, calcite, epidote.and
clay. | ‘

The three mafic components of the diorite--biotite, hornb]ende, and
c11nopyroxene--occur in highly variable rat1os, depend1ng 1arge1y on the
extent to wh1ch pyroxene is rep]aced by hornb]ende and b1ot1te and hornb]ende»
is replaced by biotite. A]] three m1nerals, wh1ch may reach at least 1 mm in
maximum dimension, tend to be equant and irregular, or part1a]1y 1rregu1ar and
part1a11y bound by stra1ght margins not related to c]eavaée traces or’
crystallographic axes. M1croprobe.ana]yses of pyroxene, hornblende and
biotite from the diorite at 483.1-487.7m (1585-1600 ft) are listed %n Table
2.2. Pyroxene is colorless to very s]ight]y brownish-tinged. In addition to
being partially“altered to hbrnb]ende and/or biotite, the pyroxene is also
very commonly fep]acéd By sdbsequent retiég]ating epidote (ich]orité) 
veinlets, whjch may-occapy Upngp 50% of the original crystal Vo]umé.
Hornb]énde is strongly p]eochroic: from light bfown or }ight;brownish to

yellowish-green to deep green or brownish gréen. Biotite is also pleochroic




:‘“ﬁ_TabTéVZ.Z; ‘Microprobe Chemical Analyses of Selected

. " -Rock-Forming and Alteration Minerals.from -
% LASL €/T-2 (Utah State Geothermal Well 9-1)

BIOTITE HORNBLENDE \PYROXENE| ~ CHLORITE

- N7 2 £ = Z g 7 5
Q‘k S B - IRCHT = |\ POZE6LD | 183.7- |7904.9- _455.7 - 508~ | 2026.8~
§E 377 | rPaBo| 20299 ,-ﬂaif 7%8.0 SB77 keg?ﬁ- 2029.9
NN 6250- |e650- |7585 ez50- | rsp5— | 4760 G650~
7630 6260 6660 7600 6260 7600 770 ceer
$i0, | 36.98 |36.89 37.28 |45.47 |44.68 52.18 | 29.24 | 26.69
Ti0, | 3.71 | 4.,02.| 3.65 | 0.98"| 1.61 | 0.19 | 0.02 | 0.18
AT04 | 1421 |14.21 |14.32 | 8.42°| 9.51 | 1.16 | 19.37 | 20.5]
FeO. | 17.74 |17.95 [18.11 [16.22 |15.48 | 8.74 | 27.39 | 22.47
M0 | 0.21 | 0.15. | 0.34 | 0.33 | 0.30 | 0.47 | 0.56 | 0.28
Mgo | 13.29 |12.72 |13.36 |12.19 |12.58 | 12.86 | 13.84 | 17.58
'~ Cal 0.27 | 0.18 | 0.07 |12.29 |12.19 | 23.26 | 0.14 | 0.13.
K,0 | 10.22 | 9.89 {10.18 | 1.11 | 1.28 | 0.07 | 0.32 | 0.27
Na,0 | 0.26 | 0.23 | 0.23 | 1.32 | 1.63 | 0.58 | 0.21 | 0.14
BaO | 0.30 | 0.60 | 0.32 { 0.00 | 0.02 | 0.00 { 0.02 | 0.00
Cl ©0.07 | 0,06 | 0.06°| 0.06 | 0.05 | 0.00 | 0.02 | 0.08
F 0.26 | ‘0,27 | 0.42:| 0.11 | 0.14 | 0.00 |-.0.19-{+0.16
0" | 370 | 3.70| 3.63°|1.94 |1.93 | '0.00 | 11.33 | 11.52
~0=C1 0.02 | 0.01 | 0.01 [ 0,01 | 0.01 | o0.00 | 0.01 | 0.02
0sF { 0.1 | 0.11 | 0.18 | 0.05 | 6.06 | "0.00 |- 0.08 | 0.07 "
TOTAL | 101.09 | 100.75 | 101.78 | 100.38 | 101.39f 99.51 | 102.56 | 99.92"
NOTES:

(1) Biotite from biotite-pyroxene- hofnb1ende diorite: 5 grains

(2) B1ot1te from hornblende- b1ot1te granod1or1te 5 g}ains

(3) Biotite from hornb]ende b1ot1te granodlor1te 5 grains

(8) Hornblende from biotite- pyroxene _hornblende d1or1te ‘5 gra1ns
‘(5) Hornb]ende from hornblende- b1ot1te granod1or1te'3 5: gra1ns
(6) Pyroxgne from b1ot1te -pyroxene- hornb]ende d1or1te' 7 gra1ns 4

L }ﬁ(7)"Ch1orite 1ntergrown w1th sericite in cataclasite: 2 gra1ns

‘)~'“(8) Chlorite rep]ac1ng biotite in hornblende-biotite granodiorite:

2 grains . .

% calculated HZO s



o fffrom 11ght ye110w1sh brown to dark brown or green1sh brown.“ Alterat1on Q.?ZQ S

- products of hornblende lnclude b1ot1te (ear]1est) and ep1dote ca1c1te, and ;f:if*‘*~

' chlorite in various comb1nat1ons. Blot1te is part1a]1y a]tered to chlor1te,
which may be accompanled by sagen1t1c rutile.”’ | | | -

The d1or1te is relat1ve1y r1ch in magnet1te 11men1te (up to 5%) and
sphene (3-4%). Magnet1te 11men1te forms 1rregular to subhedra] gra1ns up to
0.3mm in dlameter whlch are 1nvar1ab1y 1ntergrown w1th and common]y r1mmed by
- sphene. Sphene magnet1te 11men1te 1ntergrowths may reach ‘imm in max1mum
dimension. Indlvvdual crysta]s of sphene are genera]]y textura]ly s1m11ar to
those of magnetite-ilmenite, although a few scattered sphene crystals are
euhedral and reach 0.7mm in Iength (contamination?).t< - - -

Quartz and K—feldspar‘in the diorite are common]y high]y strained.v

K-feldspar is otherw1se textura]ly s1m11ar to p]ag1oc1ase. Quartz occurs as

' ﬂf1nd1v1dua1 1rregu1ar gra1ns up to lmm. in dlameter or as aggregates of the

same s1ze formed of sma]ler 1rregu]ar gralns as 11tt1e as 0. 05mm in d1ameter.
Quartz 1is unaltered K- fe]dspar may be 11ght1y dusted w1th c]ay.;

c.  Hornblende- B1ot1te Granod10r1te to Quartz Monzon1te.1? Between

838. 2m (2750 ft) and 1082m (3550 ft) and between 1776. 9m (5830 ft) and 2095. 4m‘

(6875 ft), well C/T-2 encountered maf1c-r1ch, poss1b1y weakly ‘metamorphosed
intrusives vanying in composition from granodiorite‘through plagioc]ase-rich
quartz monzon1te. The upper 1nterva1 15 genera]ly 1mpover1shed 1n maf1c*

m1nera]s re]at1ve to the lower 1nterva] but 1s otherw1se very s1m1]ar and

¥ ror convenlence of reference th1s rock type w11] be referred to in the
text as’ granod1or1te.,' :




almost certainly nart’of the same intrns%ve séquaﬁté.h‘u}i11 chipe thronghout
most of the two 1ntervals are too sma]] for accurate characterization of the
'graln size and texture of the rock. A few larger ch1ps 1nd1cate that the '. S ,He‘
upper interval is med1um-gra1ned and the lower interval f1ne- to |
medium-grained, with both interva]s hypidiomorphic-granu]ar.

The upper contact. of thevupper granodiorite interval is apparentlyain
fault contact with broken and altered gneiss between 838.2m (2750 ft) and
844.3m (2770 ft). The lower contact of thws interval seems to be 9radat1ona]
between 1072.8m (3520 ft) and 1082m (3550 ft) (the three 3 1m (10 ft) ‘
intervals above 1082m, (3550 ft), conta1n about 20% . gran1te each). The.upper
" contact of the 10Wer”1nterva]~1s sharp and may be fau]tﬁcontrolted.

The granodiorite'encountered in.C/T—Z correlates most readily with the
biotite diorite (Td) mapped by Sibbett and Nielson (1980) in the northern
Mineral Mountains. Samples of the diorite studied to date, however, are
devoid of allanite, which is ubiquitous in thé granodiorite of the drill hole.
The granodiorite is also richer in c]inprroxene, vhich is present only in L
trace amounts in the diorite.  The meta-granodiorite alsciclosely resemb]es.
the biotite granodiorite (gd; S1bbett and Nielson, 1980), which, houever, is .
apparently devoid of c]]nopyroxene.

P]agibc]ase (ayg. 33% by volume) in the'granodiorite ranges in
composition from An3p.to Angs. ‘It occurs as anhedral to subhedral grafns, up
to 0.5mm in maximum d1mens1on, as very rare myrmek1t1c 1ntergrouths w1th
quartz, and as exso]utlon b]ebs in perth1te., It is 1nvar1ab]y part1a]]y
altered ta one or more of the minerals serlctte epldote,.and ca1c1te.__

Potassium feldspar (avg.-lS%) in the granodtor1te is essentially unaltered and



is texturally simi]ar.to coexisting plagioclase.

‘Quartz accounts fof an average 12% of fhe granodiorite It occurs as
lightly sﬁrained to unstrained anhedral grains and grain aggregates ub to -
0.3mm in diameter,

Biotite (avg. 25%) is the dominant mafic constituent in the granodiorite.
It is pleochroic from medium yellowish, greenish, or orange-brown to deeper
values of the same hues. It occurs as §ubhedra]-euhedra1 crystals up to 0.5mm
in diameter Qrv1¢ngth, and may contéin ]océ] traces of_magnetitelilmenjte énd
apatite; A few crystals in both the upper and lower granodiofite iﬁterQa]s
are sharply kink-banded, The biotite‘is generally partially altered to
chlorite with very low first order or anomalous blue, red, and yellow-brown
interference colors. Microprobe aﬁa]yses of unaltered biotite from
1904.9-1908.0m (6250-6260 ft) and 2026.8-202§.9m'(6650—6660 ft) are 1jsted_in
Table 2.2. | o | . |

Hornb]ende averages about 4.5%'of the rock, bﬁt raﬁges from 1.5 to 9%.
'Subhedrallcrystals and frégménfs of hornblende, commonly enclosing small - _
crysfé]s~of apatite and dark opaque minerals, reach 0.7mm in maximum
dimension. -The hornb]eﬁde is pleochroic from medium, siight]y brownish to
yellowish-green to deeper values of the same hues or intense deep bottle
green. Table 2.2 provides a microprobé analysis of hornblende from
1904.9-1908m (6250-6260 ft). The hornblende commonly partia]]y'replaCes
c]inopyroxene,_and.is iﬁ turh partﬁa]]y rep]aéed, Qenera]iy a]éng c]éavage
planes, by biotite.f'lt-may also Ee fépfaéed‘by_vafious:combinations of .
chTorite,‘caléité, énd’epidoté. Tﬁe chlorite fep]acing Hornbleéde‘is a

different variety from that forming after biotite--it is yellowish- to
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J‘A brown1sh green w1th substantIaTTy hIgher blrefrlngence.r;“Q*;:;}tfﬁenfgipf "T

‘L Traces of cT1n0pyroxene occur near]y in a]] sampTes of the granod1or1te.. e

The c11n0pyroxene 10cal]y accounts for 2% of the total rock voTume. Subhedral— -

crystals of the_c11nopyroxene tend to be stubby‘or equant, and apparentTy do
not exceed 0.3mm in maximum dimension. They are colorless to very slightly
brownish- to bluish-green, and are almost always partially repTaced by
hornb]endeland, to a'lesser extent, by biotite, epidote, calcite, and
ch]or1te.~ o | , | .
Magnet1te 1Tmen1te (avg. 2%), sphene (avg. 1. 5%) and apat1te (avg. 1%) 1n
the granod1or1te are texturally very s1m11ar to their occurrence in the
maf]c-r1ch diorite discussed previously. Sphene in the granodror1te, in
particular, shows a strong tendency to form small rims‘around magnetite-il-
menite grains- Apat1te may form Targer euhedra] crystaTs than in the |
i'd1or1te--up to 0. 4. x 0. 2 X 0.1mn. i{l-;Ap B
The presence of aT]an1te in aTT samp]es of the- granod1or1te exam1ned
:,d1st1ngu15hes this rock type from aT] others in we]] C/T- 2 The a]]an1te
occurs in anhedra], generally equant crystals and crysta] fragments up to -
0.05mm in d1ameter, but usua]]y less than O 0lmm in d1ameter, which may rare]y
form 1rregu1ar aggregates up to 0.3mm in dlameter. The mineral may be

intergrown with, or, more rare]y, r1mmed by colorless to p1stach1o-

colored ep1dote. : ,hg_ | :”j. ﬂ; ‘:;;‘d DR . f I SRR

Local traces of z1rcon and rut1]e are present in the granod1or1te.;
“Z1rcon 1s texturally s1m11ar to 1ts occurrence in the prev1ous]y d1scussed
d1or1te h1gher ln the we]].~ The rut11e 1s secondary, occurr1ng w1th ch]or1te

" as an aTteratlon product of b10t1te, and occurs as sagen1t1ca11y arranged




’ﬁhi. acwcu]ar crysta]s 1ess than 0 05nm in 1ength.

u

: d. Hornb]ende Blot1te Quartz Monzonite. BetWeen 1249 Bm.(4100 ft) and -

, ;”i1775 om’ (5830 ft), we]] C/T 2 penetrated hornblende biotite quartz monzon1te. .

Drill cuttings from this 1nterva1 average about 0.5mm in diameter and do not
-exceed 1.5-mm, sodgrainbsize and texture of the rock cannot be accurately
determined Larger chips,'hoWever, indicate the rock to be hypidiomor-
phic- granu]ar and at least med1um~gra1ned. | | | |

The quartz monzon1te 1s un1form in compo§1t1on except where mod1f1ed by
hydrotherma] a]terat1on. Its upper contact w1th “hornblende- b1ot1te granite is
gradat1ona1; its lower contact with mafic-rich granodioritevis sharp and may

| be fau]t-controlled. ‘

Conparison of the quartz monzonite with surface rock types mapped by
Nielson et al. (1978) and Sibbett and Nielson (1980) suggests it most closely
correlates with their an (Tertiaryvquartz monzonite) Dri]] chips of the
quartz monzonwte 1n C/T 2 may conta1n loca] traces of pyroxene, wh1ch could

‘result from cav1ng of pyroxene bearlng units h1gher in the ho]e. Average
biotite content in the quartz monzon1te of the dr1]1;h01e (10%) is somenhat
“higher than that of Tgm (4Z;fNie1$on,.et al., 1978, Table 3).: The higher
biotite content prohably ref]ecte proximity to, and poésih]evaesimilation of,
mafic- rlch un1ts such as the granodiorite 1n the lower port1on of C/T 2.

Plagioclase forms 23 30% of the quartz monzon1te in the dr111 hole and .

averages about 27%.¢ It occurs ‘as: 1) anhedral to subhedra] common]y tw1nned_f

‘-gra1ns averag1ng at 1east lmm in d1ameter 2) 1rregu]ar to subhedra]
optically cont1nuous patches, rods and sp1nd1es in perth1te, and 3) rare

myrmekitic 1ntergrowths w1th quartz. ~ Twin 1ame1]ae in the p]agloc]ase are .

g bom i 40 s




| undeformed The p]ag1oc]ase 1s 1nvar1ab1y part1a11y rep]aced by one or more
of the mlnerals ser1c1te, ca1c1te, clay, and epidote, which w11] be discussed
in a separate alteration sectlon. -

Potassfum feldspar, texturally similar to coexisting plagioclase,
accounts for 35-40% (avg. 37%) of the quartz monzonite. Both perthitic and
non-perthitic varieties are present. The mineral is generally fresh, but a.
few crystals may conta1n a ]1tt]e sericite and/or calcite, which may actual]y .
be rep]ac1ng cryptocrysta]11ne patches of included p]ag1oc]ase. |

Quartz, - m11d1y stra1ned and near]y free of inclusions, forms an average
| 13% (11-17%) of the quartz monzon1te. It occurs as 1nd1v1dua1 anhedral
crystals up to 0.5mm in diameter and as minute irregular grain§ as small as .
0.05mm in diameter forming equally irregular agjregates up to 0.7mm in |
diameter. In larger drill chips, these aggregates are seen to occur
interstially to the other main rock;fqrming minerais. Quartz also occﬁrs'és
wormy intergrowths w1th p]agloclase (myrmekite) and with hornblende.

Biotite, pleochroic from ye]]ow1sh— or redd1sh brown to deeper values of
the same hues, accounts for 5 17% (avg. 10%) of the quartz monzon1te. ‘It
occurs primarily as subhedra] to euhedra] crystals up to 0. 7mm in 1ength or
d1ameter,‘but also locally as small patches partially replacing or191na1 rock
hornblende. Rare wormy intergrowths of biotite and qﬁartz may represent totai
rep]acemeht of simiiar]y—textured hornb]énde-quartz ihtergrowths.‘ Biotite
commonly contains small inclusions of euhedral apatite and anhedral
'magnetite;iImenite. It is rarely intergrown with apatite, sphene, and
magnetite-i]menife in irregular aggregates up to 0.7mm in diameter;  A portion

of ‘the biotite in all samples of the quartz monzonite is partially replaced by




Ao]eochro1c oreen chlorite, localiy accmpanied by sagenttic rutile.

| Hornb]ende (avg. 1. 5%) in the quartz monzon1te is a1so pleochro1c from
slightly ye]]ow1sh~ or- brownlsh -green to medium to deep bottle green.  Its
main occurrence is as subhedra] to euhedral crystals w1th maximum dimensions
of 0.7 x 0.3'x-0.2mm. A few hornblende grains throughout the quartz monzonite
are riddled w1th wormy strlngers and b]ebs of quartz. Many crysta1s contain
small 1nc]u51ons of apat1te and dark opaque m1nerals. Throughouththe quartz
monzon1te but- espec1a11y near probab]e fault zones, the hornb]ende is
partlally to completely replaced by various comb1nat1ons of chlorite, epidote,
and calcite. | |

Magnetite;i1menite (avg 2%), sphene (avg. 1.5%) and apatite (avg. 0.5%)

are the dominant accessory m1nerals in the quartz monzonlte. Magnetite-il-
menlte occurs primarily as anhedral-subhedral equant grains up to 0.2mm in
diameter-and as inclusions less than:0.0Smh in diameter‘1nvmafic_minenals. It
is common]y'partialiy_to'comh]ete]y'reolaced by red to maroon submetallic |

\

hematite. zSphene,‘usually oartially replaced by leucoxene, forms subhedral

grains up to 0.5mm in maximum dimension. Apatite typically occurs as euhedral

prisms, up'to 0.04 x O.ISnnlin diameter, most commonIy embedded in biotite but
also in hornb]ende.and p]agioc]ase. Various combinations of these accessory
minerals, common]y together w1th biotite and/or hornb]ende, form 1oca1
irregular 1ntergrowths up to at 1east O 7mm in d1ameter.. |

Z1rcon and rut11e are present ‘in the quartz monzonlte tn local traces._;
Zircon occurs as euhedra] prlSmS measur1ng 1ess than 0 05 x 0. 02mm and rutlle
_ occurs as sagen1t1c needles measur1ng up to 0.1 x <0.01lmm in chlorite

" replacing biotite.



Pyroxene 1n the quartz monzen1te is very rare, andlmay Owe its presence
te cav1ng. 1t is very ]1ght, s]1ght1y brownish- to bluish green to co]or]ess,
and non-pleochroic and_1s 1dent1ca1 to pyroxene occurring higher in the drill
hole. It is.commonly replaced by hornblende and/or biotite; and by ch]orite,i
epidote, and celcité.

Alteration of the quartz monzonite and- other rock-types w1]] be fu]]y

d1scussed in a separate sect1on.

e. Hbrnbiende—Bibtite‘Granite. A distinctive gquartz-poor granite was

intersected in C/T-2 between 798.5m (2620 ft) and 826.0m (2710 ft) and iﬁ a
major intercept between 1082.0m (3550 ft) and 1249.6m (4100 ft). Larger drill
cﬁips'indicate this granite to be medium-grained and hypidiomorphic granular.
The rock is distinguished from-granitic materia] associated with gneiss abore
-798.5m (2620 ft) by ite reTativeTy Tow quarti content'and by the~ub1quitous
presence of sma]] amounts of hornb]ende. Among surface rocks mapped at
Roosevelt, Tert1ary syen1te (Ts; Nielson, et al., 1978, p. 26, Table V) -
correlates most'close]y w1th the granite in C/T—Z.» The syenite, however, is
even more impoverished:in quartz, containsrabundant mferoc]ine, which is not

present in the granite, and is generally richer in mafic.-minerals and sphene.




Potaésium feldspér (évg..SZ%); p]agioc]asé (avg.‘ZS%) apd quértz'(avg.
_li%) occﬁf in the graniteiboth ésrdiscrete crystals gﬁdﬂas Vafious}types bf |
'intergrowths.b Plagioc]aseAand quartz in the granite comméﬁ1y forﬁ’myrmekite.'
Graphic-—-intergrowths of pofassium fe]dspar'and'Quartz are rare. Quartz in the
granite typically forms irregular aggregates of equally irregular interlocking
graiﬁs, some\of which are mi]dly to moderately strained R

Biotite, hornblende, sphene magnet1te 11men1te and apat1te also occur in
the gran1te elther as 1nd1v1dua] gralns or in var1ous comb1nat1ons as
1rregu1ar gra1n aggregates. Z1rcon is present in 1oca] traces. Blot1te
(2-5%) crystals are subhedra], pleochroic from light to dark orange-brown, and
up to lmm in length or diameter." Subhedral‘hornblghde (Tr-1%) is also
pleochroic, in various shades of brownish;green, qnd measures up to 1 x 0.5mm
in longitudinal sectibn.» Sphene (0.5-1%) is honéy yellow and anhedral to
- subhedral in crystals up to OﬁBmm.fn 1ength dr-diameter. .Magﬁetite-ilmehite
(1.572%) forms diséeminqted anhedraT:équént graihs up t6.0.2mm,'but generally
less thanv0.0Smm:in diémeggr. ‘Apatite (0.5%) may occur either as Tafger- |
stubby‘crysta]s averaging about O;lmm-in']engfh with 2:1 to 4:1 length:width
ratios, or as minute'acicu1ar microlites less tﬁag 0.02mm in length. Zircdn is
euhedral in prisms less than d.Ome in length with‘2:1 to 3:1 1ength}width
ratios.

The Qranite is weak]y hydrotherm&]]y"ditered P]ggioﬁlase may;bé
'part1a11y a1tered to var1ous conb1nat1ons of ser1c1te, ca1c1te, and ep1dote,
hornb]ende to ch10r1te, ca1c1te and ep1dote b1ot1te to ch10r1te + rutile;
sphene to leucoxene, and magnetlte 11men1te to hemat1te and/or, more rare]y, .

1eucoxene.. Alteration will be more fully discussed in a later sect1on,

. N . P
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Relat1ve]yv1arge gra1ns of co]or]ess to pale green muscov1te textura]]y
4s1m11ar to and common]y 1nter1ayered w1th b1ot1te occur in scattered traces‘
throughout the granite. The muscovite may be pr1mary in origin or it may be a
hydrothermal or deuteric a]terat1on product of b1ot1te a]thougn this
relationship is not clearly demonstrated.

f. Microdiorite and Andesite. Dense gray microdiorites amd andesites

and their porphyr1t1c equ1va1ents occur in m]nor amounts in severa] short
sample intervals in C/T 2 above 838.2m (2750 ft) 298 7- 303 3m (980 995 ft),
423.7-428.3m (1390-1405~ft)- 464. 8—469 am (1525-1540 ft) 758 9- 762m
(2490-2500 ft) and form the bulk of samples between 1045 am (7430 ft) and
1063.7m (3490 ft) A]] are character1zed by the presence of go1den brown to
deep russet-brown oxyhornb]ende. Although comp051t1ona]1y s1m11ar, these
rocks may be teXtura]]y oisparate even within a s1ng]e chip samp]e. All
gradations exist between sparse]y porphyrltlc andes1tes with cryptocrysta]11ne
matrix and phaner1t1c~m1crocrysta1]1ne d1or1tes. A g1ven var1ety may be
either f]ow-foiiated or masetve.; Such variation probably reflects both
multiple cogenetic tntrusion es well as chilling and differentia]l flowage
within a sing]e intrusion. |

The microdiorites and andesites in C/T-2 are almost certain?y‘correlative
with.the Tertiary microdiorite (Thd) dikes mapped at the surface oy Nielson et

(1978, p. 29). .A typical examp]etof microdiorite tn the orii].ho1e
intrudes grénodiorite between 1045.45 (3430:ft)7ano 1063.7m (3496 ft). ‘in
,thin;section; thts rock‘ie-pfinarilyia'microcrystall{ne'augregate'off .
pTagioc]ase,'oxyhornb1ende>and'btotite-uith 1esser’amounts of quertz,‘

potassium fe]dspar, magnetite-ilmenite, tremolite;.apatite‘and sphene.




P]agioé]ase and oxyhornb]ende are typica]]y elongate, averaging a

- 0.2mm (up to 0.4 x 0. 2mm) in long1tud1na1 sectlon, and are random

Biotite (12%), p]eochro1c from 11ght green1sh brown to med1um gre

forms disseminated 1rregu1ar shreddy crystals averaging about 0.0

0.2mn) in length or diameter, as well as irregular aggregates of
up to 0.5mm in maximum dimension.
singly or intergrdwn, OCCUF in irregu]ar to bo]ygona] massés up t
diameter 1nterst1t1a1 to the main rock- forming m1nera]s. Treho]1
A‘consp1cuously anomal ous at 7% of the microdiorite, occurs as acic
greenish transparent need]es, up to 0.1 x 0.01lmm in longitudinal

which commonly form oriented clusters of 10 or more crystals. Th

most commonly embedded in plagioclase, but also to a lesser exten

rock-forming minerals. ,Apatite (3%) is textura]]y identical to,

d1ff1cu1t to d1st1ngu1sh from, tremo11te but the 1atter by cont

“inclined ext1nct1on and genera]]y h]gher b1refr1ngence. Magnetlte

also abundant in the m1crod10r1te (5%), occurs as disseminated an

subhedral equant grains averaging less than 0.0lmm in diameter.
forms anhedral grains up to 0.2mm in length or diameter.

Microdiorites above 838.2m (2750 ft) in C/T-2 are mineraiogi

similar to the microdiorite just described (though devoid of trem

afe generally porphyritic to seriate in te;turé.
oxyhornb]ende phenocrysts may form up to 10% and 17%, respect1ve1
‘porphyr1t1c var1ants. P]agloclase phenocrysts are euhedra], comm
and/or vague]y zoned may be e1ther lath-shaped or roughly equant

reach 1mm (avg. 0.3mm)'1n maximum dimension. Lath-shaped euhedra

Quartz (7%) and potassium feld

P]agioc]ase and'

}
{
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|
|

bout 0.07 x
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oxyhornb]ende phenocrysts may reach 0.2rm (avg. 0.1lmm) in ]ength.'iGroundhase
in these mxcrod1or1t° porphyr1es is near]y identical to though more finely
cr)sta1]1ne than, the microdiorite between 1045.4m (3430 ft) and 1063.7m (3490
ft). It may?be 1ocelly prominently f]ow-fo]iéted. . :

The sample interva] between 423.7m (1390 tt)‘and 428;2n-(1405 ft)
contains, in addition to microdiorite, about 15% oxyhornb]ende andesite
porphyry. The'porphyry is formed of sharply euhedral oxyhdrnb]ende and:
Ap]ag1oc1ase phenocrysts embedded in a dense, ]oca]]y f]ow-fo]1ated
-cryptocrysta1]1ne4groundmass,<wh1ch ]1ke a]] mlcrod10r1tes in the.dr111 hole,

is rich in disseminated magnetite-i]men1te.

2. Alteration and Inferred Structure. ‘A11 rock types a]ong the“entire
sampled length of Well C/T-2 have been more on less altered, particu]ar]y
within and near probable fault or cataelasite zones. ‘Alteration hdnerals
documented to date in C/T-2 by petrographic examinatiqn and X;raj diffraction
comprise quartz, sericite,_mixed—layen i11jte4hontmorf]16nite; chierite;

- epidote, leucoxene, hematite, eétcite, secdndary pbtassiumﬂfeldsper'and
'anhydrite;' Theeeiminerals; except potassiumhteldspar and<anhydrfte, are
typical of propy]1t1c a]terat1on or lower greenschist-facies metamorph1sm
A]terat1on minerals identified petrograph1ca11y and by X-ray d1ffract1on ahe
listed, respectively in Tab]es 2.1 -and 2.3.

AMlteration and inferred structural disruption are notably more intense
above 844.3m (2770 ft) than be]ow this depth At least three ‘major and
numerous minor altered catac]as1te zones were penetrated above th1s footage:"
-only two such zones wereﬂencountered_between 844.3m'(2770 ft)'and 2095.4m

(6875 ft): 1450.8-1453.8m (4760-4770 ft) and 1764.7-1770.8m (5790-5810 ft).



_ Table 2.3. Mineralogy of Clay Separates,
- Selected Samples from VWell C/T-2 as
Determined by X-Ray Diffraction

Biotite and/or Sericite

MixedéLayer I]]ite?Monfmoril1onite'.~

1——Contaminant%;7

.. v o

[1e} g (<]

(& ] Q | =t T -

o= 42 [<}] O
= U ad — O N
-5 L or— L
’ - : o<, o . £« [w)] 5
. : — B T 1]
\ SAMPLE INTERVAL - = S5 2 5 &

Meters “Feet - o

213,4-222.5  700-730 X X X X X
329.2-332.2  1080-1090 XX X X
364.2-368.8  1195<1210 X X X XX
464.2-469.4  1525-1540 X X X X
1492.3-496.8  1615-1630 X X .X_ X X X
592.8-897.4 " 1945-1960 " 7. XX XX X
835.2-838.2 ;- 2740-2750 XX X XX
914.8-944.9  3090-3100 - X0 X XX
1051.6-1054.6 ° 3450-3460 X X X X
1350.3-1353.3  4430-4440 XX X X
1450.8-1453.9  4760-4770 - X X X X
1527.0-1530.1 = 5010-5020 X X X X
1764.8-1767.8 ~ 5790-5800 * X X X X
1905.0-1908.0 . 6250-6260 X CoX XX
CX X XX

2026.9-2030.0 ~ 6650-6660 .



Altered catac]asitee in C/T-2 are typica]]yvdense, 1ignt fo medium
érayish-green, and‘anhanitic:to very fine-crysta]]ine;,:fhey locally disp)ay
prominenf streaky fo]iafion.-jln tnin.sectidn; the cataclasites are observed‘
to consist of finely comminuted rock f]our, with scattered larger c]asts;
microveined or cemented and partiallyirep]aced by one or more of the minerals
quartz, chlorite, sericite anduca1cite with minor epidote, hematite,
leucoxene, and pyrite,’xi*l}‘ N | |

Chlorite in the a]fered cataclasites is light yellowish- to
' brownieh—green with moderate1y high birefringence.‘ It occurs as a eonetitdent
of microveinlets and matrix and partially to completely replaces original
mafic minerals, or rarely plagioclase. It‘may form fans and roseftes up to
0.3mm (but generally less than 0.05mm) in diameter. These textures are best
developed in the catac]as1te zone between 1450. 8m (4760 ft) and 1453.8m (4770
ft). . A microprobe ana]ys1s of ch10r1te from th1s zone is shown in Table 2.2.

Two var1et1es of secondary quartz occur in the altered cataclas1tes. The
typ1ca] and most w1despread variety cons1sts of h1gh1y 1rregu1ar gra1ns
averaging less than O. Ome in diameter or length and form1ng, generally
together w1th other a]terat1on minerals, microveinlets and 1rregu1ar mosaic
matrix aggregates. Between 838.2m (2750 ft) and 844.3m (2770 ft) and in
traces between 675.1m (2215 ft) to 679.7m (2230 ft) and 734.5m (2410 ft) and -
740 6m (2430 ft), secondary quartz forms late- stage, teranated c]ear
euhedral crystals up to 2mm 1n 1ength and lmm in d1ameter.A'

Ser1c1te in the cataclas1te typ1ca11y forms mlnute f1bers 1ess tnan |
0. 05mm in 1ength rep]ac1ng p]ag1oc1ase and . rock f]our or 1ntergrown with

other a]terat1pn minerals in microveinlets and matrix. It also forms rare



‘1arger slightly green1sh to transparent crystals (actually muscov1te)
}apparently pseudomorphlng or191na] biotite.

Calcite and epidote in the catac]asites occﬁr as minor microveinlet and
matrix constituents and'partially replace hornblende, pyroxene and
plagioclase. Calcite may also 1dca11y partially replace sphene.

A1l the cataclasites contain mfnor magnetite-ilmenite and sphene. The
former is fnvariab]y partially replaced by maroon- to brick-red submetallic
hematite * leucoxene; the latter by dense ]1ght gray to white leucoxene t
calcite. Magnet1te 1]men1te apparent]y has a dua] or1g1n in the cataclasites.
Most cataclasite is fragmental and obviously derived from the pre-existing
roék. Vermiform blebs of magnétite-i]menite in microVein]ets and matrix,
however, suggest addition-to the cataclasites during hydrothermal alteration.
'Hemat1zat1on of dark opaque minerals occurs along the entire length of C/T-2
and is c]ear]y secondary in origin. Sphene iS$ apparently all fe11ct.
|  With few exceptjons, a]terat1on mineralogy away from‘cataclasite zones in
C/T-2 fs éetrographica]]y similar to, though much less intenée than,
a]tefation within these zones. Microveiﬁ1ets ahd veinlet fragments of the
principal alteration minerals in all combinations are ubiquitous, but rarely
account for more than a fraction of a percent of a given sample. Chlorite and
sericite as microyein]et,Eonstituents incréase in frequency and volume with
proximity to cataclasite zbnes. - ‘;v . SR S

Partial replacement of . or1g1nal rock- form1ng m1nerals is the dominant
' a]terat1on mode away from the catac]as1tes. P]ag1oc1ase is rep]aced by ,
sericite and ep1dote and, above 838.2m (2750 ft), by c]ay,'preéumab1y of

supergene origin. X-ray diffraction 6f.representative samples shows the clay



L lesser extent pyroxene are replaced by ch]or1te calcrte eptdote, and c]ay.
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The ch1or1te replac1ng these maf1cs is petrograph1ca11y ident1ca] to-the ,*‘

| ch]or1te of the catac1a51te zones. Biotite is’ also part1a1]y chloritized, but
by a distinctive bright green ch]orite with” anomalous b]ue, red, and | .
ye]]owish-brown birefringence;‘ This chlorite locally contains sagenitically 3

arranged rut11e need]es. Quartz and potass1um fe]dspar are genera]]y
.unaltered, a]though the 1oca] c]oudy appearance and mott]ed ext1nct1on of the |
_ latter may be due to very weak arg1]11zat1on. - | |

Pyrite, rare]y accompanled by textura]]y s1m11ar cha]copyr1te occurs at

least in traces throughout C/T-2. It is, however, concentrated within and
adjacent to catac]as1te zones and hornblende-rich units above 844.3m (2770

ft). The pyr]te is found as d1ssem1nated, anhedra] to subhedral gra1ns uptto'
0.30mm, but typically less than O.iOmm in diameter, but it'also occurs as
siuilar Qratns;With:other a]teration minerats in nicroeintets and matrir
aggregates.flhmono the rock formfnp minera]s; magnetite-tlmentte,.hornb1ende B
and p]agtoclase are the preferred'hosts, in decreasfng'order'Of
suscept1b111ty, for su]f1de replacement. - | o o . : f ' o 'ﬁ

_ Anhydr1te f1rst appears in th1n section between 574 5m (1885 ft) and N 4' : ‘fé

f583 m (1915 ft) where it occurs as a s1ng]e fragment 0 15 x 0.1mm in size, i
cut by a ch]or1te m1erove1n1et It next occurs in p]ag1oc1ase between 1018m . |
(3340 ft) and 1021m (3350 ft) as a m1crove1n1et and ad301n1ng 1rregu1ar ; g
rep]acement patch measur1ng 0 1% 0. 03mm.“ Anhydr1te 1s then absent untll QA_:_'; 'jg
431615 4m (5300 ft) be]ow wh1ch 1t is present in near]y every samp]e. In a]] o i

.these lower samples, 1t occurs on]y_as d1screte dr111-broken crystal




fragments, up to O;me fn diamctec, almost certainly derjvedAfrom veins.

~Secondary botasgiuh fe1dscar‘ffrst appears fn C/T-Z between 574.5m (1885
ft) and 583.7@ (1915 ft); Here i£ is present in trace amounts as irregu]ar
discontinuous selvages on quartz and quartz-chlorite veinlets. Similar trace
occurrences vere documented in the fo]Towing samples: 829m (2720 ft) to
832.1m (2730 ft), 838.2m (2750 ft)“to 841.2m (ZZGO ft), 841.2m (2760 ft) to
844.3m (2770.ft). iSécondafy,pctéééium feidspac“is.probab1y more abundant in
the drill hole than‘reported here. Iﬁ'finely gcouhd'drill,cuttings,>secoﬁdary
potassium fe]dsbar.is difficult to dist%nguish from.prfmarj pofassfum feldspar
in perthite, antiperthite, or in granophyric intergroﬁths with quartz.

- Calcite, an a]cération production which can be readily separéted from its
host rock, wa;.exfracted from selected samples from C/T-2 for oxygen and
carbon isotope and]ysis; The cé]cjtc partially replaces, in descending order
“of suscept1b1]1ty to a]térat1on piagioc]ase, nornblende, pyroxene, and
sphene. It a]so occurs as a common const1tuent of m1crove1n]et< and )
catac1a51te. Ca1c1te is ubiquitous in well C/T—2, but is concentrated in the
upper portion of the well (above 838.2m (2750 ft)) and in fault and
catac]asite'zonec, pérticu]ar]y those centered on 838.2m (2750 ft), 1453.8m
(4770 ft) and 1767.8m (5800‘ft). Paragenetic relationships for calcite
relative to other alteration mihera]s ih well C/T-2 are ambiguous,‘but
cross-cutting veinlets indicate multiple peciodé‘of calcite deposition.

The small size of drill cutfings from C/T-z’hinders.defermination of
paragenet1c relat1onsh1ps among a]terat1on minerals. Vheré-largér chips:
and/or perva51ve a]terat1on perm1t such a.determination, these re]at10nsh1ps

are genera]]y amb1guous.~ In one sample, for instance, a g1ven a]terat1on



" ‘mineral may.clear1y pFeQdate another, whereas in a éecond sambie the réverse
'may be true. In spite of these djfficu]ties, a number of paragenetic _ |
relationships among aiteration minerals in C/TQZ can be established wifh some
confidence: |
1) Hornb]ende,and'biotite after c]inopyrdxene, énd biotite after
hornblende are the earliest alteration products. They are consistentlyl
rep]aced'by or cut by microvein]éts of all other'alteratiqn minerals, and
are prbbab]y magmatié,,deuteric, or metamorphic in'origin;'

+

2) Microveinlets of chlorite ¥ quartz ¥ magnetite-ilmenite 1

pykite '
post-date all other alteration minerals except clay in the upper portion
of the hole and quartz between 835.1m (2740 ft) and 838.2m (2750 ft).
The chlorite in these microveinlets is petrographically identical to the
chlorite of cataclasites mapped at the surface by Niefson and 6thers' |
(1978). | | | |

. 3) Sma]],.c1ear‘eyhedra1 duaffz.cryétals.ih'the a]teréd.fault zone - -
bgtween_835;im (2740 ft) and.838.2m (2750 ft) appafenf]y‘]ine open
spaceé in the veinlets described above, and therefore post-date these
vein]gts. | |
4) Véin]ets and irregular patches of illite-montmorillonite are confined
to the portion,ofvthe hole above 838.2m (2750 ft) and post-da£e'a]] other
alteration mjngra];.«_Thg clay may Be'largély of‘supergene origiﬁ.

a. . Discussion."Hydrothermallalteratioﬁ observed ‘in well-C/T-2 is

'texturally and mineralogically similar tb that observed at intermédiatelto
deep levels in other holes within the Roosevelt Hot Springs KGRA, ihc]qding

Utah State Geothermal Wells 72-16 (Rohrs and Parry, 1978), 14-2 (Parry, 1978;



Ba]]antyne and Parry, 1978 Ba]]antyne J M., 1978) and 52 21 (Bal]antyne G. :

'}»H-, 1978) (F1gure 1. 2) Near surface a]terat1on in C/T 2 cou]d not - be ";h‘i;‘TA” :

character1zed due to an absence of cuttings between ground 1eve1 and 121.9m .

(400 ft).

The age of a]terat1on in C/T 2 relative to present geothermal act1v1ty is
unknown. Slnter depos1ts and a]tered a]]uv1um penetrated by shallow dlamond
drill holes a]ong the Opa] Nound Fau]t (DDH lA 1B and 76-1; Bryant and Parry,
1977 Parry, et al., 1980) (F1gure 1.2) and a]tered a]]uv1um in Utah State
72-16 (Rohrs and Parry, 1978) are clearly of recent geotherma] orlg1n.A Other
alteration at Rooseve]t,’however, may be partially pa]eohydrotherma].
Catac1asttes and mylonitesdand adjacent host rochs exposedAin the west-central
'Mineral Mountainsvand within the KGRA, for instance, are typica]]y'altered to
var1ous comb1nat1ons of ch]or1te,_ser1c1te, quartz, hematite and ep1dote
* (Nielson, et-al., 1978) Ep1dote norma]]y forms at temperatures greater than
.2200C (Zen and Thompson 1964) Its present occurrence at the surface at
_ Rooseve]t suggests formatlon at deeper levels pr1or to present geotherma]
act1v1ty, then subsequent exposure by er051on. --B. S1bbett (personal
communlcat1on, 1980) has observed fresh glassy rhyollte f]ows, dated at O 8 to
0.5 m.y. (L1pman, et a]., 1978), resting on strong]y chloritized, s1]1c1f1ed
and hemat1zed cataclas1te w1th1n the KGRA Th1s re]at1onsh1p strong]y : |
suggests a. pre geotherma] or1g1n for the a]terat1on. ' |

3. Intervals se]ected for Deta11ed Geochem1ca1 and Isotop1c ;'.

' Invest1gat1on.: Four 1nterva1s in wel] C/T 2 vere se]ected for deta1]ed

. geochem1ca] and 1sotop1c study 1066 7 1097 2m (3500 3600 ft), 1758.6- 1804 3m

(5770-5920 ft); 1904.9-1935.4m (6250-63SQ ft); and 2023.8-2057.3m (6660-6750 '

P L g bt .



ft). }he'upper interval is in the caéed bortiqn_ofuthe hole and was chosen to
providelcalibration daté-for gamma-ray logging tools at moderate temperatures.
The-fhree lower intervals are all uﬁcased, and were'se1ected as pofentia]ly .
useful for ca]ibrating gamma-ray and neutfon logging equipment at high.
temperatures, 4

The interval 1066.7-1097.2m (3500-3600 ft) spans the contact at 1082.0m
(3550 ft) between the upper hornblende biotite granodiorite and subjaéent
hornblende-biotite‘granite..' | \

" The interval 1758}6;i804.3m (5770-5920 ft) includes the contact at
1776.9m (5830 ft) between hornblende biotite quartz monzonite and the lower
granodiorite. The interval also includes a fault zone between 1764.7m (5790
ft) and 1770.8m (5810 ft)

' The two lower interva]s, 1904.9—1935;4m (6250-6260 ft) and 2923.8-2057.3m
(6650-6750 ft), are both in the Towér Hornbledide-biotite granodiorite. Both
intervals show‘strongrgaﬁwm-ray and neutron log anomalies which do not
correiaté with readily apparenf lithologic variations. Both intervals,
however (especially 2023.8-2057.3m (6650-6750 ft)) are characterized by |
slightly more intense alteration and mineralization than is typical for tﬁe

{

lower portion of C/T-2.




II1. GEOCHEMISTRY

‘A. Introduction

Chemical analyses of cuffings:from ho]é*C/T-Z have been cémpleted With- -
two principal objectives in mind,- First, various types of anaTyses can be
useful in the interpretation of the genesis of géotherma] systems énd location
of fluid entriés within drill ho]es} _Secbnd,_seQeraI of the geophysical
logging techniques'whfcthillvbe discussed ina subsequeﬁt_section measure
chemicé] properties. Tﬁé most obvious of these fs the gamma log which
measures the gamma ;édiatidn produced by tﬁe natural deéay of uranium, .

‘ thoriym, and potassium. In addition, several eiements have extremely large
thermal neutron.fapture cfoss sections and are thus important in the
evaluation of neutron logs.

B. Methods and Procedures

A1 cuttings samples for chemical ana]ysis from_wellAC/T—Z were initially

thoroughly waéhed to_remo?é drif}ing mud, 165t ciréu]ation material and other:
contaminants._ The samples were then c]eanéd of iron drill bit énd drii] rod
shavings with a_hand magnet. Composite samples were prepgred at the rate of
one gram of §amp1e per foot of drill hole. Prior to analysis both individual
and composite samples (except for c]osed;can gamma-ray spectrometry) were
pulverized to a fine powder (<<270 mesh) in a Spex shatterbox.

| Individua]_saﬁp]es from fhe selectedjintervals‘of ﬁe]l»C/T-Z were -
analyzed for Si, Ti, Al, Fe, Mn, Mg, Ca, P, Nb, Zr, ¥, Sr, Rb, Th, Pb, Ba and
| _UAby X-ray f}ﬁorescence (XRF) usfng a Norelco (Phii1ips Electronics |
Iﬁstruments) X-ray fluorescence spectrograph."Fof each sample, twdldisks wére

prepared for analysis. Fused glass disks were used for Si, Ti, A]; Fe, Mn,

e gaton o b aee =




Mg, Cé and P. . All othér analyses Were obtained from powder disks prepéréd by
mixing one gram of chromatographic cellulose Wifh one gram of sample and-
nressing the mixtdre.into'an'aluminum cap with 20 tons presshre. XRF
analytical techniques‘used for Si, Ti; Al, Fe, Mn, Mg, Ca and P are those of
Norrish and Hutton (1969). U analyses required the methods of James (1977).
A11 other XRF analyses wére obtained by the methods of Jack’and Carmichael
(1969): For Ba, these methods were modified<by F. Brown, of tﬁe University of
Utah Department of Geo?ogy,and Gebphyéics. Na and K analyses were obtained by .
lithium metabbrafe fusioﬁ and f]éme photometry using techniques outlined by
Suhr and Ingéme]ls (1966). | |

Sulfur analyses fof‘the four selected intervals frpm_we]] C/T-2 were
completed with a LECO sulfur analyzer. For each ana]ysis by this method,
_ measured quantities of sample, Sn and Fe are inductively furnace—heated in a
- stream of oxygen, produciﬁg S0, which is then anaiyzed by tjtration'with
potassium_iodide.» | | | | |

U in‘samp]es from the se]ecfed fnterva]s'was also determined by 
fluorometry, using a Jarrel-Ash fluorometer. In fluorometric analysis, each
sample is digested in HCLO4, HNO3 and HF, then mixed with ethyl acetate. The
resulting mixture is fused with a flux iﬁ a pfatfnum disk, then excited by.
ultra-violet radiation, causjng the sample to fluoresce. The f1Uoresceﬁée of
the sample is compared witH that 6f.standards'c6ntainihg known quantities of
o _ : : : , »

Closed-can Qamma-ray'gpectrometfy'WAS:used to determine K, Th, aﬁd U
concentratibné in sémplés ffom thé selected interQals of well C/T-2. Ané]yses

were obtained with a Tracor-Northern multichannel gamma-ray spectrometer.
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om‘TeteTy sea]ed'ln

il days later, the resuTtszaveragedwvand the counts converted to K Th and U

a~Arsen1c 1n the ac1d1f1ed samp]e 1s reduced to a tr1va1ent state by the

add1t1on of potass1um 1od1de and stannous ch]or1de so]ut1ons. Z1nc is added

"and reacts w1th the ac1d T1berat1ng hydrogen gas, wh1ch forms arsine from ‘the

arsen1c in the samp]e; The ars1ne is bubbTed 1nto a so]ut1on of pyridine and

's1Tver d1ethy]d1th1ocarbamate with wh1ch the ars1ne forms a coTored compTex

_wh1ch 1s compared to standards

~ffdetector.»_For th1s techn1que a we1ghed port1on of each samp]e 1s heated in a.

" e - o

"‘cTosed tube to greater than 600°C to reTease Hg vapor.t The vapor coTTects on -

;[a gon f]Tm, and concentrat1on is measured by the resu]tant change in

"‘ - S .‘

“;_e]ectr1ca] res1stance of the f11m.'}3

_1nterva15 of C/T Zhwere'obta1ned w1th a Jerome Instruments Node] 301 gon f1Tmi



_one- gram port1on for at least two hours at 120°C. Th1s dr1ed portlon 1s then

1n severa] stages,

and HNOg

}; d1gested in HF HC]04, HC]

AhHC]O , 10% HNOéAand 1% tota]:d1ssolved so11d

TfC Geochemlstry of Compos1te Samples f‘gf - ;rifhp'

Numerous stud1es have drawn attent1on to the ana]ogy between geotherma]
A'systems and the systems uh1ch have produced hydrotherma] ore depos1ts (Ewers
”f.and Keays, 1977) The su1te of metals wh1ch are concentrated in geotherma]

. ER 2?:"'e;4, Jk.w -
o systems are s1m11ar to those wh1ch are. found 1n ep1therma] ore depos1ts.L-|

these systems and to adapt th]S understand1ng to the formu]at1on of
;Ageochemlcal exp]orat1on methods (Bamford 1968 Bamford et a]., 1980)
Severa] per]ods of hydrotherma] act1v1ty can be documented in the

Rooseve]t geotherma] area.‘ The youngest per1od is the present one w1th

a]terat1on and m]nera1 depos1t10n be1ng concentrated a]ong the three maJor

Low ang]e norma]

,-H,'V

'structura] trends wh1ch have been d1scussed prev1ous]y.ﬂ

”l;fau]t’zones (Nlelson et a]., 1978 S1bbett and N1e1son, 1980) In add1t1on

SR G



'hevolut1on of - the geotherma] system 1n th1s area and to a]]ow comparlson w1th ;

data from the rest of the f1e1d Uhole rock samp]es were compos1ted at 30 5

meter (100 ft) 1ntervals and ana]yzed us1ng an Inductlon COUpled Plasma
,Quantometer;d“These results are shown 1n Tab]e 3.1 and se]ected e]ements are

“plotted as a funct1on of depth 1n F1gure 3 1 : Bamford et a] (1980) have’

suggested that Ll, As, Hg, Mn, Zn and Sr, are 1mportant elements in

: evaluatlng the behav1or of . the geotherma] system. In we]] C/T 2, Mn, Sr, and

Iin show a strong correlation with rock type and are probably not geothermal

1nd1cators.
The hang1ng wa]] of the ]ow ang]e fault (above 844 Om (2750 ft)) shows
anoma]ous concentrat1ons of L1, As, and Hg. “An espec1a]1y strong/ﬂ/‘anomaly
is present 1n the 204 0- 241 Om (670 790 ft)bsect1on. Deta11ed analys1s of
»;th1s 1nterva] ‘shows 2800 ppb Hg in the 204.0-213. Om (670 700 ft) 1nterva1
'w‘wh1ch 1s the ]ocat1on of the a]luv1um-bedrock contact It 1s fe]t that th1s
-Zanoma]y was produced by therma] waters wh1ch at one tlhe leaked from the Opal
Mound Fau]t or the western boundary fau]t of the 0pa1 Mound horst (F1gure
, 1.2) The entlre hanglng wa]] however, shows a geochen1ca1 519nature wh1ch
ly1s c0mpat1b1e w1th hydrotherma] a]teratlon. It w111 be seen in the next

;‘“;sectlon that th1s area 15 character1zed by'nc 180 1ows produced by equ1]1br1um

w1th therma] waters. 'T';]ffl;efi -
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-(4760-4770 ft) conta1ns a Li and As anoma]y in the composite geochem1stry.
This zone does not show an associated Hg anoma]y, but Hg 1s probably not
stable at the temperatures which ex1st in this area (J. N. Moore, personal
communieation). No other zones.whicﬁ are beneath the casing show evidence of
hot water entries using reconnaissance geochemical techniques. |

D. Geochemistry of Detailed Study Intervals

- The intervals selected for detailed log interpretation have been analyzed
chemically at ten foot intervé]s. Theﬁe enelyses are presented in Table 3.2.
In addjtion, Table 3.2 centains several spof analyses from the upper portion
of the drill hole. |

E. Rare Earth Element Analyses

. The thermal neutron capture cross sections of several of the Rare Earth
E]ements is quite 1ar§e. _In particular gadolinium, samarium, and europium
have capture cross‘sectionsiof 46;066, 5,600, and 1,400 Barns respectively.
In‘ordef to eva]uate the influence of these e]ements.on fhe neetfonelogs;
several spot samples were analyzed by neutron activation techniques. These
results are shown in Table 3.3. |

F. Fluid Chemistry

Table 3.4 gives two analyses of water from well C/T-2. The first
analysis is from Parry et al. (1976). The second analysis is of water
collected in 1979 (Newman; 1979). Sihce’wéter;in the'weTI is staénant, some
change in chemietry may be ekpected In addition, chemical grad1ents may

ex1st or deve]op in the fluid in the boreho]e.



Tt Table 3.2, Chembcal Ana1ﬂse§ of composite whole rock
A o somples from Hel) C/7-2. . .

PHILLIPS -3 . i

~ He

U (XRF)
U (F)
U (R)
TH (R)
TH (XRF)

A,

AANAAAAA

200%. 00 2170. 00 2240. 00 2:3060. 00 24460. 00
""""" SINE 661,84 688.8 719.3 749.87 METERS
63. 00 %3. 51 48. 37 o6, 22 6D A7 W1 %
0. 01 .14 2.u2 3. u2 1.1 MWT %
17. 28 16. 97 14. 37 15. 45 - 15. 50 WT %
3.12 8.0 11. 0% a. 49 A.93 UT %
0.33 - 0.1L 0.15 0.12 0.07 UT %
0. 45 1,77 3.47 3. 08 1.82 WT %
1.89 . 5.71 7.52 6. 39 3.11 WT %
&5 3.19 . 2. 50 3.8 5. 36 WT %
4.83 4. 52 B Wl .47 4.5% UT %
0.15. 0. 67 .0.18 .0.37 0.33 UT %
0. 03 .0.21 - T 0.0 o018 0.04 WT %
1.12 1.08 1.90 1.90 1.17 WT %
99.%53 . 9B.1B . . 97.54° 102. 07 - *100. 06
25.00 - 70.00 - - 35. 00 . 30.00 30. 00 PPM’
210, 00 180. 00 170. 00 150. 00 -240. 00 FPM
20. 00 . 30.00 20.00 - 25. 00 25. 00 PPM
350. 00 " B15.00 . 760, 00 7/%0. 0D &£00. 00 PPM
90. 00 45. 00 &5. 00 70. 00 125. 00 PPM
25. 00 10. 00 10. 00 - 315. 00 B80. 00 PPM
700. 00 - 700. 00, 400, 00 © U00.00 . 1550.00 PPM
150.00 < 150.00 164.00 < 3§150.00 < 13150.00 PPM
24.00 2¢. 00 46. 00 35. 00 36. 00 PPM
23.00 - - 39.00 38. 00 33. 00 26. 00 PPN
5. 00 17. 00 27. 00 17.-00 8. 00 PPM
10. 00 56. 00 93. 00 0. 00 19. 00 PPN
50.00 < 50.00 < 50.00 < 90.00 < 50. 00 PPH
44, 00 © 124,00 . 104.00 2. 00 &£5. 00 PPM
5.00 < 5.00 < 5. 00 < 5. 00 < 5. 00 PPM
2.00 < 2.00 < 2.00 < 2.00 < 2. 00 PPM
4.00 < 4.00 < 4.00 < 4.00 . < 4. 00 PPM
© 1.00 18. 00 2. 00 3. 00 4. 00 PPH
30.00 < ..30.00 < 30.00 < ' 30.00 < 30.00 -PPM
100.00 < 100.00 < 100.00 .< 100.00 < _100.00 PPM
50.00 - < .50.00° < 50.00 - < 5T0.00. < ' 50.00 PPM
3.00 . 7.00 . 7.00 7. 00 5. 00 PPM
8. 00 " 17.00 . - 22. 00 10. 00 14.00 PPM
. 1.20 7 2.20 - 2.30 2.30 2. 60 PPM
.92. 00 64. 00 40. 00 44,00 54. 00 PPM
157. 00 130. 00 72. 00 77. 00 23. 00 PPM
©5.00 25. 00 20. 00 15. 00 10. 00 PPH
2.00 < 2200 < 2.00 < 2.00 < 2. 00 PPM
1. 69 212 3.39 2,12 3. 39 PPH
. PPM
- . PPM
15.00 < 5.00 -~ - 10.00 5. 00 10. 00 PPM

K (R)

PPH
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Table j;? continued

3530.

00

1069.8

U (XRF)
U (F)

U (R)

TH (R) -
TH (XRF}
K (R)

2560. 00 2720 00 00
780.3 829.2 . B5%6.5
. 59. 36 54. 19 | 5509
1. 91 1. 64 1.1}
17. 50 15. 680 19.10
- 7.42 8. 29 5. B9
0.4 0.11 0.08
2. 43 3. 69 2.58
5. B2 5. 61 4.76
3. 60 3.35 3.77
4..04 C 4,62 . 4.93
- 0. 40 - 0. L2 0.40 "
.+ 0.15 0. 11 0. 06
1,06 0.79 S 1.26
100. 71 99. 00 99. 33
30. 00 30. 00 20. 00
270. 00 225. 00 70. 00
25. 00 25. 00 15. 00
780. 00 900. 00 1220. 00
&0. 00 20. 00 70. 00
30. 60 40. 00 45. 00
1000. 00 1450. 00 2900. 00
< 150.00 < 130.00 < 150.00
37. 00 3102. 00 29. 00
34. 00 31. 00 36. 00
13. 00 3. 00 5. 00
47. 00 54. 00 18. 00
< 50.00 < 50.00 < 50. 00
103. 00 ) 89.00 . . B1.00
< s.00 < 5.00 - < 5. 00
< 2,00 < 2.00 < 2. 00
< 4,00 < .00 < 4. 00
- 4.00 < 100 < 1. 00
< 30.00. < 7 30.00 .< 30. 00
. < 100,00 <. 100.00 < -100.00
< 50.00 < 50.00 < 50. 00
’ 7.00 < 5.00 < 5. 00
11.00 . 17. 00 9. 00
2. 00 '2.30 1. 60
&0. 00 &3. 00 35. 00
106. 00 116. 00 S54. 00
: 15.00 . 15. 00 10. 00
< 2.00 < 2.00 < 2. 00
- 1. 27 1.27 0.85
- <
10. 00 15. 00 5. 00

53.

1
18.

“oeruunepr

30

METERS

Wt %
Wl %
WY %
WY %
Wl oz
Wy %
WY 2
UT %
wi %
Wl %
WY %
WT %

33. 88
10. 00

AAAN

AAAA

y
uo W
WeSOman:
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R S IPHILLIPS 9-1 ‘ .

DATA 3520. 00 3540. 00 3550. 00 34460, 00 3570.00 FT
.1072.9 1079.0 1082.0 1085.1 J088.1 METERS

s102 54. 27 ' 54,086 55. 43 9. 70 60.72 WT 2

TIL2 . T 1.44 1.47 1.36 1.08 . 0.93 WT %

AL 203 1%. 09 19. 39 19. 16 19. 03 19.24 WT %

FE203 7.50 [ -} 6. 36 4.82 4.03 WT %

MND 0.131 0.10 0. 09 0. 08 0.06 WT %

MGO 2.208 2.01 1. 86 1.19 1.08 WY %

cao 5. 11 4. 52 4, 57 3.10 2.73 UT %

K20 3.19 3. 65 3. 91 5. ub &.39 UT %

NA20 4,99 5. 04 5. 30 4. 03 4.90 UT %

P205 0. 44 0. 36 0.37 0.26 0.21 UT %

503 0. 11 0.11 0. 11 0. 08 0.06 UT %

LOSS 0. 99 0. 96 1.07 0. 86 0.84 UT %

TOTAL 99. 52 9€e. 48 99. 89 101. 07 101.15

NB 20. 00 25.00 25. 00 15. 00 15. 00 PPH

ZR 205. 00 430. 00 345. 00 T A45. 00 465. 00 PPM -

Y 20. 00 20. 00 20. 00 15. 00 15. 00 FPM

SR 1240. 00 1300. 00 250. 00 665. 00 580. 00 PPM .

RB : 55. 00 55. 00 55. 00 &5. 00 70. 00 PPM ) "

PB 75. 00 35. 00 25. 00 25. 00 50. 00 PPM - )

BA © 21%50. 00 2500. 00 2450. 00 12:50. 00 1700. 00 PPM

v < 150.00 < 150.00 ¢ 150.00 < 150.00 < 150.00 PPM

CR 53. 00 29. 00 431. 00 39. 00 37. 00 PPM

co ) 22. 00 19. 00 17.00 0. 00 15. 00 PPM

NI 13. 00 6. 00 6.00 & 00 < 5. 00 PPH

cu 37. 00 21. 00 22. 00 20. 00 14. 00 PPM

MO < 50.00 < 50.00 < S0.00 < %0.00 < 0. 00 PPM

N 97.00 .- 80. 00 . B80.00 56. 00 48. 00 PPM

cp <’ 5.00 < 5. 00 < 5. 00 < 5. 00 < 5. 00 PPM

AG < 2.00 <. 2.00 < 2.00 - < 2.00 < - 2.00 PPM

AU < 54.00 < 4.00 < 4. 00 < - 4.00 < 4. 00 PPM

AS . 1.00 < 1. 00 1. 00 1.00 <. 1. 00 PPM

[53:] < 30.00 < -'30.00 < 30.00 ‘<. 30.00 < 30. 00 PPM

B1 < 100.00 < 100.00 < 100.00 < 1300.00 < 100.00 PPM

.TE <:.50.00 < 50.00 <  S50.00 - < 50.00 < 90.00 PPM

SN < 5.00 < 5.00 < 5.00 < 5.00 < 5. 00 PPM

L1 2. 00 10. 00 8. 00 7. 00 S. 00 PPM

BE 2.70 2. 50 2. 30 2. 00 1.70 PPHM

LA 89. 00 97. 00 91. 00 78. 00 71. 00 PPM

CE 10€. 00 113. 00 100. 00 83. 00 67. 00 PPM

HG 5.00 < 5. 00 5. 00 5.00 < 5. 00 PPB

U (XRF) < 2.00 <’ 2. 00 4.00 < 2.00 < 2. 00 PPM

U (F? 1. 69 1. 27 1.27 1. 69 1.27 PPHM

U (R) < 847 <* B.47 < 8. 47 < B.47 < . B.47 PPM

TH (R) - < 10.00 < 10.00 < 10.00 < 10.00 < 10. 00 PPM

TH (XHF) < 5.00 < 5.00 < 5. 00 5. 00 25. 00 PPM

K (R) 3. 80O 3. 80 4. 30 . &6.50 6. 20 PPM



; Table 3;2 conunueav . B

. . I

S L L. PHILLIPY 9-3

K (R) 7.0

DATA 37,00. 00 3570. 00 3400. 00 5700. 00 2770.00 R
"""" 10917 1094.2 1097.3 1761.7 1764.8~ METERS
5102 g 60. 90 60. 18 &2. 10 7. 07 57.7) WT %
Ti102 - 0. 86 0. 80 0. &0 1.06 1.01 W1 %
AL203 1D. 85 18. 40 19. 22 8. 78 10.72 WT %
FE203 3.79 3.87 C 2,06 4. 59 4.07 WY %
MNOD 0. 07 0. 07 0. 06 0. 07 0.0% uT %
MCD 0. &9 0. no 0. .5, 1. 41 1.38 WT %
cad 2.4as z 03 2,08 3. 14 3.34 WT %
w20 &. 67 6.57 7.08 5. 80 5.90 WT %
NA20 's.22 5. 08 5. 47 4. D6 4,63 WT 7
P205 0.18 0.15 0.14 0.24 0.28 UT %
s03 0. 04 0.03 0.03 _0.07 0.04 UT %
LOSS 0. 85 0.53 0.73 1. 49 2.30 WT %
© _TOTAL . .. 100. 57 78. 57 101. 60 . 98.60 99. 43
NB ¢ ) . 15. 00 15.00 15. 00 15.00 20. 00 PPM
ZR - 620. 00 83%. 00 420. 00 4310, 00 © 21%. 00 PPM
Y 15,00 15.00 15. 00 15. 00 15. 00 PPM
SR 435. 00 445. 00 355. 00 1085. 00 1035. 00 PPM
RB . 70. 00 &0. 00 60, 00 70. 00 5. 00 PPM
PB 35. 00 240. 00 40. 00 5%5. 00 35. 00 PPM
BA . $00.-00 850. 00 700. 00 3950. 00 3630, 00 .PPM
v 220.00 < 130.00 < 150.00 < 150.00 < ' 130.00 PPM
CR * 50.00 39. 00 39. 00 5%. 00 &61. 00 PPM
co 20. 00 17. 00 17.00 38. 00 35. 00 PPM
N1 7.00 < 5.00 < 5. 00 5.00 < 5. 00 PPM
cu 19. 00 14. 00 12. 00 13. 00 8. 00 PPM
MD < 50.00 < 50.00 < 50.00 < 50.00 < 50. 00 PPM
IN 2. 00 47. 00 47. 00 73. 00 &5. 00 PPM
cD 5.00 < 5.00 < 5.00 < 5.00 < 5. 00 PPM
AG 8.00 <. 2.00 < 2.00 < 2.00 < 2. 00 PPN
AU 10. 00 < 400 <’ 4.00 < 4. 00 < 4, 00 PPM
AS < 1. 00 1. 00 1.00 <« 100 < 1. 00 PPM
SB . 52.00 . < ."30.00 < ' 30.00 . 41.00 < 30.00 PPM
B1 < 100.00 < 100.00 < 100.00 < 100.00 < .100.00 PPM
TE < 50.00 < 50.00° < .50.00 < 50.00 < 50. 00 PPM
SN < 5.00 < 5.00 < 5. 00 < 5. 00 < 5. 00 PPM
LI : 13. 00 &. 00 6. 00 18,00 25. 60 PPM
BE 1.70 1. 30 1. 20 1. 90 1. 70 PPM
LA 8B. 00 10%. 00 116. 00 6%9. 00 53. 00 PPM
CE 127. 00 119. 00 121. 00 92. 00 ‘63. 00 PPM
HC < 5.00 < 5.00 - < 5. 00 5. 00 5. 00 PPB
U (XRF) ) 3.00 < 2.00 < 2.00 < 2.00 < 200 PPM
v (F) . 1. 27 0. 85 1. 69 . 3.2 1.27 PPH_
U (R) < 8.47 <- 8.47 < 8. 47 © PPM
TH (R) " < 10.00~- <. 10.00 < 10. 00 PPM
TH (XRF) ©1%5.00 < 5. 00 5.00 < 5.00 < 5.00 PPM
7. 40 7. 40 PPM



Table 3.2 continued

PHILLIPY 9-1.

DATA 5000. 00 5010. 00 5820. 00 21330. 00 o040.00 FT
1767.8 1770.9 1773.9 1777.0 1780.0  METERS

s102 5. 46 58. 76 $8. 15 57.17 54. 60 UT %
T102 1.14 1.20 1. 05 1. 07 1.75 WT %
AL203 18. 28 19,11 19. 34 19. 28 19.07 WT %
FE203 4.48 5. 10 4. 24 4. 32 7.42 WT %
MO 0. 09 0. 09 0. 09 0. 08 0.12 WT %
MCO 1.35 1.31 1. 41 1.27 2.23 WT %
cAD .2.83 2. 91 3.13 a. 21 4.31 WT %
non 5. 98 &. 14 6. 04 S. 71 4,65 WT %
NARO v 4,11 4,70 4. 01 4. 90 5.01 WT %
P205 .. 0.31 0.32 0.5 .0. 26 0. 44 WT %
s03 0. 09 .0.10 0. 04 0.03 0.11 WT %
LOSS 2. 40 - 2.48 1.5% - 1.54 1.17 WY %
TOTAL .. 97.92 102. 22 100.10 - 99. 04 J00. 88

NB T 20. 00 15. 00 15, 00 °20. 00 25. 00 PPM
IR 415, 00 510. 00 175. 00 200, 00 350. 00 PPM
A4 15. 00 15. 00 . 15.00 15. 00 15. 00 PPM
SR 205. 00 910. 00 120%. 00 1215. 00 1050. 00 PPM
RB 70. 00 75. 00 ! &0. 00 &60. 00 65. 00 PPM
PB 40. 00 30. 00 25. 00 30. 00 30. 00- PPM
DA 3650. 00 3700. 00 4000. 00 3750. 00 2900. 00 PPM
v < 130. 00 332.00 < 50.00 < 150.00 < 150.00 PPM
CR 70. 00 69. 00 &1. 00 60. 00 &6. 00 PPM
co 19. 00 17. 00 18. 00 17. 00 18. 00 PPM
NI < 5. 00 7.00 < 5.00° < 5. 00 8. 00 PPM
cu 11. 00 17.00 . 8. 00 ?. 00 16. 00 PPM
M0 < 50. 00 72.00 < 50.00 < 50. 00 < 50. 00 PPM
IN 97. 00 103. 00 75. 00 74. 00 99. 00 PPM
cD < 5. 00 6.00 < 5.00 < 5. 00 < 5.00 PPM
AG < 2.00 10.00 < 2.00 < 2.00 < 2. 00 PPM
AU < 4. 00 8.00 < 4.00 <. 4.00 <. 4. 00 PPM
AS 3. 00 3.00 < 1. 00 1.00 . 1. 00 PPM
SB < 30. 00 63.00 < 30.00 < 30.00 < 30. 00 PPM
BI <. 100.00 < 100.00 < 100.00 < 100.00 .< 100.00 PPM
TE < S0. 00 51,00 < 50.00 . <. 50.00 < 50. 00 PPM
SN < 5.00 - < 500 < 5.00 . < 5.00 < 5. 00 PPM
LI P 24. 00 28. 00 16. 00° 15.00 13. 00 PPM
BE 2. 00 2.10 1. 60 1.70 2.30 PPM
LA - b4. 00 0. 00 54. 00 &6. 00 98. 00 PPM
CE 75. 00 141. 00 $8. 00 70. 00 113. 00 PPM
HG - 10. 00 5. 00 500 < 5. 00 10. 00 PPB
U (XRF) < 2,00 <« 2.00 < 200 < 2,00 < 2. 00 PPM
U (F) 1. 69 1. 69 . 1.27 1.27 1.27 PPM
U (R) < 8.47 < B.47 < 8. 47 < 8.47 < 8.47 PPM
TH (R) < 10.00 < 10.00 . < 10.00 < 10. 00 < 10. 00 PPM
TH (XRF) 5.00- < 5.00 < 5. 00 0. 00 . 5. 00 PPM
K (R) &. 30 &. 50 S. 40 T -6.50 4.90 PPM
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.. - Table 3.2 continued

DATA 5850. 00 5860. 00 2870. 00 5080. 00 5070. 00 FT
17B3.1 1786.1 1789.2 1792,2 1795.3  METERS

£102 53. 90 54. 03 53. 09 59. 25 55. 3B WY %
T102 1. 57 1. 57 1. 118 1.-99 1.45 UT %
ALZ03 1B. 66 18. 89 19. 16 19. B4 19. 40 WT %
FE203 6. Bb 6.79 7.97 7.37 6. 65 UT %
HMND 0.11 0.12 0.12 0.13 0.11 WT %
MCD 2. 02 ©1.94 2.17 " 2.42 2.3% WT %
CcAD 4.20 4.19 4.37 4.36 4.39 WT %
K20 4. 58 4,72 4. 60 4,75 4. 60 UT %
NA20 4.74 4. 097 5.79 4. 80 5.19 WT %
r205 0. 41 + 0,40 0. 50 0.43 0.43 UT %
s0o3 © 0.10 " 0.08 0. 14 0.13 0.06 MT %
LOSS 1.19 - 1,17 0. 95 0.87 0.R0 UT %
TOTAL 98. 34 8. 77 100. 50 101, 92 100. 81

NB ' 20. 00 29. 00 30. 00 20. 00 20. 00 PPM
IR 335. 00 310. 00 475. 00 455. 00 180. OO PPM
Y 15. 00 15. 00 20. 00 15. 00 13. 00 PPM
SR 1070. 00 1085. 00 1055. 00 1070. 00 1085. 00 PPM
RB - £0. 00 65. 00 . 60. 00 60. 00 &£0. 00 PPM
'PB 20. 00 20. 00 40. 00 30. 00 20. 00 PPM
BA 2950. 00 2900. 00 22850. 00 2900. 00 3000. 00 PPM
v < 150.00 < 150.00 < 150.00 < 150.00 < 150.00 PPM
CR &6. 00 &67. 00 &64. 00 %8. 00 47. 00 PPM
co 16. 00 16. 00 15. 00 14. 00 13. 00 PPM
NI < 5.00 < 5.00 < 500 < 5.00 < 5. 00 PPM
cvu 15. 00 9. 00 13.00, 9. 00 7.00, PPM
MD < 50.00 < °'so.o0 < ' s0.00 X< 50.00 ° < 50. 00 PPM
IN 94. 00 92. 00 9a4.00 . 87. 00 81. 00 PPHM
cD < 5.00 < 5.00 < 5.00 < 5.00 < 5. 00 PPM
AC <. =2.00 < 2.00 < 2.00° < 2.00 < 2.00 PPM
‘AU < 4.00 < 4,00 < 4.00 < -4.00 < 4.00 PPM
AS' 1.00 < 1.00 < 1.00 < 1.00 < 1. 00 PPM
SB 31.00 < 30.00 < 30.00 < 30.00 < 0. 00 PPM .
Bl < 100.00 < 100.00 < 100.00 < 300.00 . < -100.00 PPHM
TE < 50.00 < 50.00 < - 50.00 < 50.00 < 50. 00 PPM
SN < 5.00 < 5.00 < 5.00 < 3.00° < 5. 00 PPM
Ly - 15. 00 : 9.00 - %.00 8.00 8. 00 PPM
BE 2. 20 1. 40 1. 50 1.30 1. 20 PPM
LA 86. 00 &61. 00 74. 00 48. 00 . 39.00 PPN
.CE 101. 00 0. 00 115. 00 71.00 . 57.00 PPM
HG 5. 00 10. 00 5.00 < 5.00 < 5. 00 PPB
U (XRF) < 2. 00 < 2. 00 < 2. 00 < 2. 00 < 2.00 PPM
U (F) 1.27 0. 85 0.85 1.27 1.27 PPM
U (R) < '‘8.47 <5 B.47 < 8. 47 - PPM
TH (R) < 10.00 < 10.00 < 10. 00 PPM
TH (XKF) < 5.00 < 5.00 < 5.00 < 5.00 <. 5. 00 PPM
K (R) 5. 50 5.70 5. 30 PPN
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Table 3.2 continued
. . S _ FHILLIPS 9-3

DATA ¢£2B0. 00 L2090. 00 6300. 00 L310. 00 6020. 00 F71
1914.1 . -1917,2 1920,2 1923,3 - 1926.3  METERS

s102 51. 01 ’ 52. 04 57. D4 57.19 49,86 WT %
Ti02 1.73 1. 82 1.132 1.16 1.74 Wl %
AL203 15. 82 15. 94 14. 44 15.12 16.27 WT %
FE203 10. 59 10. 80 7. 44 7.99 10.29 WT %
MND 0.15 0.15 0. 11 "0.11 0.15 UT %
HCO 4. 09 4,082 3.v3 4. 32 4.50 Wr %
cAD T 7.19 6.75 S. 00 5. 58 &6.74 uT %
®20 2.8} 2. 89 3. 5% 3. 42 3.02 WT %
NA2D 4. 04 3. 52 3.43 3. 55 3.67 UT %
P205 0.42- 0.41 0.28 o.28 0.56 UT %
€03’ 0. 20 0.1%9 ‘0. 14 0.13° 0.23 WT' %
LOSS 0.72 0. 86 0.83 0.89 0.85 WT %
TOTAL 100. 37 100. 23 97. 683 99. 74 97.88

NR © 25.00 25. 00 25. 00 25.00 30. 00 PPM
IR 275. 00 330. 00 240. 00 205. 00 230. 00 PPM
Y 25. 00 20. 00 25. 00 25. 00 30. 00 PPM
SR ?15. 00 910. 00 &25. 00 - 5£70. 00 B0T. 00 PPN
RE 50. 00 55. 00 85. 00 85. 00 75. 00 PPM
PB 275. 00 230. 00 25. 00 75. 00 60. 00 PPH
BA 1450. 00 1250. 00 200. 00 750. 00 850. 00 PPM
v - < 150.60 < 1%0.00 < 150.00 < 150.00 < 150.Q0 PPM
CR 249. 00 226. 00 177. 00 3176. 00 130. 00 PPM
co 61. 00 - 71. 00 40. 00 43. 00 51. 00 PPM
NI 115. 00 113. 00 91. 00 93. 00 74. 00 PPM
cv 5. 00 61. 00 ° 39. 00 40. 00 3. 00 PPM
balo} < 50.00 < 50.00 <« 50.00 < 50.00 < 50. 00 PPM
N 236. 00 . 180.00 113. 00 110. 00 126. 00 PPM
co < s.00 < '5.00 . < 5.00 < 5.00 < S. 00 PPM
AC <. =200 ‘< 2.00 < 2. 00 3. 00 3. 00 PPM
AU < 4.00 < 4.00 < 4. 00 < 4,00 < 4. 00 PPN
AS 2,00 ° -+ 2.00 < 1.00 < 1. 00 1. 00 PPM
SB < 30.00 < 30.00 < 30.00 < 30.00 < - 30.00 PPM
Bl < 100.00 < 100.00 < 100.00 < 13100.00 < -100.00 PPHM
TE < 50.00 < 50.00 < 50.00 < 50.00 < ' 50.00 PPM
SN < 5.00 < 5.00 X 5. 00 < 5.00 < 5. 00 PPM
L1 9.00 - 9. 00 9. 00 9. 00 . 9.00 PPM
BE . 2.20 - 2.20 2. 20 2.30 © 2.50 PPM
LA 57. 00 S56. 00 78.00 . 70. 00 65. 00 PPM
cE 96. 00 93. 00 11Z. 00 , 107.00 - 116. 00 PPM
HC 5. 00 10. 00 5.00 < 5. 00 10. 00 PPB
U (XRF) < 2.00 < 2.00 < 2.00 < 2.00 < 2. 00 PPM
U (F) 1. 69 . 1. 69 1. 69 1. 69 "1.869 PPM .
U (R} < 8.47 < 8. 47 < B8.47 < 8.47 84.70 PPN
TH (R) < 10.00 < 10. 00 < 10.00 < 10.00 < 10. 00 PPM
TH C(XRF) 5. 00 10. 00 15. 00 10.00 < 5. 00 PPM
K (R) 2.70 3.10 3. 50 3.70 S. 40 PPM



Table 3.2 continued
PHILLIPY 9-1 -

DATA L3230, 00 4240, 00 4350, 00 446,50. 00 LLLD. 00 F1
- 1929.4 - 1932.4 1935.5 2027.0 2030.0 METERS
S102 49. 38 - 50.%8 - 52.43 51. 00 52.7% WT %
1102 T 2.01 1. 74 1.72 1.800 1.63 U1 %
AL203 1&. 91 17.03 18. &1 17. 63 17.68 WT %
FE2D3 10. 97 10. &7 9. 26 B. 44 7.41 WT %
MND 0.15 ) ‘0. 16 0.15 0.13~ 0.11 WT %
MGO 4. 49 3.75 3. 07 a. 71 2. 75 WT %
cAD 7.25 6. 28 5. 66 4.76 4.30 WT %
K20 3. 05 3.7% 4,03 q,17 4q.52 WT %
NAZD 3. 59 . 4.00 8,17 4. 51 3.46 YT %
P205 0.76 0. 65 0. 55 0. 34 0.45 WT %
s03 . 0.25 0.25 0. 24 0.16 0.13 WT %
1.0SS 0.78 0.74 0.78 2.71 2.16 WT %
TOTAL 99. 19 99. 72 100. 87 - . 99.94 97.35
NB - . . 30.00 20. 00 . 20.00 20. 00 15. 00 PPM
ZR 195. 60 115 00 120. 00 © 375.00 ' AA40. 00 PPM
Y © ' 30. 00 25. 00 20. 00 20. 00 20. 00 PPH
SR 855. 00 915. 00 1010. 00 13140. 00 1125. 00 PPHM
RD - 70.00 © 45.00 &5. 00 . 65. 00 &65. 00 PPM
PB 45.00 . 55. 00 5. 00 20. 00 30. 00 PPM
BA /50. 00 1750. 00 2200. 00 3250. 00 3500. 00 PPH
v . < 150.00- - < 130.00 < 1%0.00 < 150.00 < 150.00 PPM
CR 117.00 - 104. 00 109. 00 78. 00 84. 00 PPM
co ) 43. 00 37.00 ° 31. 00, 2.00 23. 00 PPN
NI . 4¢&. 00 18. 00 13,00 - 6. 0O - 6. 00 PPM
cy 41. 00 29. 00 23. 00 | 14. 00 15. 00 PPM
MO < 50. 00 < 50.00 < 50.00 < 50.00 < 50. 00 PPM
N 122. 00 144. 00 147. 00 123. 00 114. 00 PPHM
cD < 5.00 < 5.00 < 5.00 < 5.00 < 5. 00 PPM
AC < 2. 00 < 2. 00 < 2. 00 < “200 < 2. 00 PPM
AU, < 4.00 < 4.00 < 4.00 < 4.00 < 4. 00 PPM
AS 1.00 < 1. 00 1.00 < 1.00 < 1. 00 PPN
SB < 30.00 < .30.00 < 30.00 < 30.00 < 30.00 PPM
B1 < 100.00 < 100.00 < 100.00 < 100.00 < 100.00 PPM
TE <. 50.00 < 50.00 < 50.00 . < 50.00 < 50. 00 PPM
SN < 500 <. 500 .< 5. 00 5. 00 © . 5.00 PPM
LI . 8.00 . 9.00 - 9. 00 10. 00 11. 00 PPM
BE . 2.20 1.90 . | 1.70 o120 1. 10 PPM.
LA . &63. 00 © 60.00 ¢ 51: 00 .- 57.00 38. 00 PPM
CE 106. 00 98.00 ©79.00 . - 95.00 2. 00 PPM
HG . 5.00 5. 00 10. 00 5. 00 " 5.00 PPB
U (XRF) < 2. 00 < 2. 00 < 2. 00 < 2. 00 < - 2.00 PPM
U (F) 1.27 1.27 1. &9 1.27 1.27. PPM
U (R) < 6.47 < - B.4a7 < 8. 47 PPM
TH (R) < 10.00 < 10.00 < 10. 00 PPM
TH (XKF) 5. 00 5.00 < 5.00 < S. 00 5. 00 PPM
K (R) . 3.40 .3. 80 5. 00 © PPM
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Table 3.2 continued
o v PHILLIPS 9-3

DATA 6720. 00 6730, 00 4750, VO 8]
2048.3 2051.3 2057.4 METERS
S10u2 5%5. 0L 5%. 6Y 4p. A3 . Wl %
T102 1.60 c-1.5% 1.7 . ’ Wl 7
AL203 17. 20 15.19 18. L6 . Wl %
FE203 0. 34 7.57 - 9.8 ‘ : Wi %
MND 0.12 0.12 0.13 : uT 7
MGD o058 2.04 3. 16 C . WT %
cau 4. 572 4,36 5. 69 . Wl %
K20 3. 68 3.39 3. 59 ’ . T %
NAZO 4. LA 3. 72 4,35 . vl %
P205 0. 50 0. 54 0. 63 . Ut %
s03 Q.21 0. 24 0. 31 . Wl %
Loss ©0.84 1.23 1. 01 : wio%
TOTAL 99. 29 100. 06 99. 01
NDB ;. 20.00 . 15.00 20. 00 ’ ©PPH
"ZR : 275. 00 240.00 © 165 00 FPH
Y 20. 00 20. 00 20. 00 . PPN
SR : 470, 00 v55. 00 1470. 00 . PPN
RB 70. 00 T 70.00 75.00 PPM
PD : 35. 00 20.00 15. 00 PPM
BA 1650.00 .- 14650. 00 2700. 00 PPM
v < 150.00 < 150.00 ' PPM
CR 82. 00 79. 00 2. 00 PPM
co 21. 00 24. 00 20. 00 PPM
N1 7. 00 - 7. 00 6. 00 PPM
cu ) 17. 00 14. 00 15. 00 - PP
[yls} : < 50. 00 < 50.00 < 50. 00 PPM
ZN ’ 103. 00 9. 00 136.00° : ' U PPHM
cD < 500 < 5.00 < 5. 00 PPN
AG < 2.00 < 2.00 < 2. 00 ' PPM
AU < 4.00 < 4.00 . < 4. 00 . PPM
AS 1. 00 1. 00 1. 00 - PPM
SB < 30.00 < 30.00 < 30. 00 ) PPHM
BI . < 100.00 < -100.00 < 100.00 PPM
TE < 50. 00 < 50. 00 < . 50.00 ‘ . . PPM
SN < 5.00 < 5.00 < 5. 00 o ) © - PPM
LI - . 11. 00 11. 00 11. 00 o . PPM
BE : 1,70 © 1,60 1.70 . ) . PPH
LA | 54. 00 . 55. 00 48. 00 . PPH
CE 80. 00 85. 00 79. 00 : " pPM
HG . 5. 00 . 00 5. 00 ) PPR
U.(XRF) . < 2.00 < 2.00 < - 2.00 : : ) PPM
v (F) 2.12 2. 54 1. 69 . T oPPM
U (R) 8.47 < 8. 47 < 8. 47 PPM
TH (R) . < 10.00 < 10.00 < 10. 00 - . . e PPM
TH (XRF) 5.00 < 5.00 < 5.00° T T PPM
3.70 3. 30 3.70 n PPM

K (R)
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ROOSEVELT KGRA
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WHOLE ROCK ANALYSES OF
WELL C/T-2 AS A FUNCTION OF DEPTH.
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FIGURE 3.1 CONTINUED.




DEPTH IN

/T 2 WHOLE ROCK
(: 1000.0 FT./IN.

SAMPLE TYPE:

'VERT. SCALE:
ROOSEVELT KGRA VE
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FIGURE 3-1. CONTINUED.
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FIGURE 3.1 CONTINUED.



'Tab1e 3.4, Water. Analyses from Well C/T-2 -

. 1 2
Nao 2210 2000.0
Ca. ... . -8 41.0
Ko c. a5 T 3740
osiog o3 T 169
Mg = 0.4
¢ - 3800 .2140.0
50, | o122 6.0
HCO3 394.0
3 | 0.0
Fe | 5.1
M - 0.41
T : 4.7
Ba S
B Hi' : o e 28,0
Lo %0
R 24,0
- TDS - . 6520.0

pH , : 5.9

NetEs:
1~ Analysis from Parry'et al, 1976 - =~
15;.2‘4'Anélysis ffom Newman, 1979 - '




IV, OXYGEN AND CARBON ISOTOPES

A. Introdgction

Stab)e:isotopes of cafbon’and oxygen have been QSed'effective]y to
estimate the temperatures of deposition of hydrothermal minerals (Ohmoto and
Rye, 1979;lTaylor, 1979). This esiimate is accomplished by measurement of the
isotopic‘compositions of minera1s and either a measurement or an estimation of
the isotopic coﬁbﬁsitionsiof fluids with which the minerals are in
equilibrium. Carbon and oxygen isotopic ana]yses of a]terat1on phases such
as calcite have been usefu] in predicting f]uxd entr1es in some geotherma]
systems (Kendall, 1976, Elders, et al., 1978). -

In order'to document and quantify the hydrothermal processes effecting
hole C/T-2, twenty-six sahp}es werevselectéd for stable isotope analysis of
carbonate minerals. Analyses of carbon and'oxygen isotopes in calcite will
provide a base from which temperatures may:be estimated and trends of isotopic
enrichment or dep]etioh‘WhichAcan bé correlated with entries idéntified by
]bégingAdr geochemical s%gﬁafures'such as mercury -or aksenic’anoma]fes.

Ca]cite'is‘é coﬁmén adlteration phase in the Rooseve]t“Hot Spriﬁgs
geothermal system and is particularly abundant in highly altered zones which
are related to fault structures (see section on lithologic logging).

Carbonate veins cross-cutting older carbonate veins have been observed in thin
section, a]ong w1th carbonate rep]acements in plagioclase. In addition,
altered zones frequently contain veinlets of fine gralned quartz wh1ch are
‘;also re}ated to the hydrotherma] process.’ However, efforts to-samp]e these
veins’ for 1sotop1c ana]ys1s were unsuccessfu] because of their f\ne grain

size.



é. ..Samp1e Prebaréfion éhd Anaiyﬁes

" The samples éhafyzedfwefé from drill cﬁttings co]leéféd»at 3.1 and.4.6m
(10 and 15'ffj ihtérvalﬁ;‘"Thus, tﬁé analyses presented are average values for
these interva]s and notdistinctfon is made fo separate carbonates of different
ages. Cuttings from selected 3.1 or 4.6m (10 or_lé ft) intervals were crushed
to less than 200 mesh. For several.jntervals, the samples of 80 to 150 mesh
were analyzed to_teSt the infTuence of grajn size on the isotopic values.
Appfoximateiy 500 mg of sampTe‘was reatted“with 100%_distilled-phosphoric acid
‘for 12 tonIS;hohrs at ééot‘(ﬁcCrea, 1950).  The ]ibérated C0p 9as was then
extracted and pukified for carbon ad oxygen isotopic analysis. The gas was
analyzed on a'Hiéromass Model 602D, twin-collecting, 900 mass spectrometer.

The isotope data are feported as 6180 or §13C where:

. “. R ‘-
5= (GS2mRIe 1y 1000
: '_standard .

and Rsamp]eAié the 180/160 or 13¢/12/¢ ratio in the sample and Rgfandérd_is
the corfesponding ra;io fdr'the standard. The standards used-are Standard
Mean Ocean watér (SMOW)'for oxygen (Craig,‘1961) and the Chicago PDB Standard
for carbon (Craig, 1957). A &-value = +5 would mean that the sample is 5 per
mil (5 parts per thousaﬁd) or 0.5 percent richer in 180 than SMOW or 13C than
PDB. Negative numbers signjfy relative depletion in the heavy‘isotppes. |

C. Results

The oxygénlghd carbon isotopic;analyées for ho]é'C/T-Z are listed in
" Table 4.1 and plotted as a function of‘dépth in FigUres 4.1 and 4.2. 1In

addition, the 6180 and 613C values are plotted against each other in Figure




2026.9-2030.0

Table 4.1. Oxygen and Cargon Isotope Data from

- Well C/T-2
INTERVAL = ALTERATION o POWDERED_

Meters Feet W M S & 0%0 & C%o00
236.2-240.8 775-790 - X +6.7 -3.6
275.8-280.4 905-920 X +9.3 2.4
359.7-364.2 . 1180-1195 - X +0.4 -3.1-
368.8-378.0  1210-1240 X . +0.4 -1.8
446.5-451.1 1465-1480 X +0.8 -0.7
492.3-496.8  1615-1630 X 4.8 -3.5
515.1-519.7  1690-1705 X +2.2 -3.8
592.8-597.4  1945-1960 X +0.7 -3.3
611.1-615.7  2005-2020 X +2.6" -4.7
615.7-620.3  2020-2035 X +2.5 " -4:1
734.6-737.6  2410-2420 X +4.7 -5.0
835.2-838.2  2740-2750 . X -0.3 -4.5
862.6-865.6  2830-2840 X - +5.2 -5.5

1002.8-1005.8  3290-3300 X 4.3 -4.1
1063.8-1066.8  3490-3500 X +7.0 -3.4
1185.7-1188.7  3890-3900 X +3.5 -3.5
1292.4-1295.4  4240-4250 X +7.3 -7.3
1450.8-1362.5 4760-4770 X -0.4 -5.0
1505.7-1508.8  4940-4950. X - +7.2 -3.8
1734.3-1737.4  5690-5700 X +6.6 -5.4
1764.8-1767.8  5790-5800 X 0.2 -5.1

1795.3-1798.3  5890-5900 X 45.3 -4.5 .
1895.9-1898.9  6220-6230 © X +7.6 -6.5
1914.1-1917.2 . 6280-6290 X 45.7 -5.4

1941.6-1944.6  6370-6380 . X 49,7 -8.2

X +4.8 -4.0 "

6650-6660 .

Analyst: DAVID ROHRS

Alteration: H(weak); M(moderate); S(strong)
Powdered Samples = 200 -

Coarse Samples = +80 to +150 mesh

COARSE

18 13 4

§ 0 /oo § C /oo
-0.3 -0.9
+0.7 -2.6 "
0.7 -3.2
-1.1. -4.3
-1.0 -4.8
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4.3. The 5130 vaiues range from -0.4 to +9.70/00 and exhibit no systematic
variation with depth except for a gross trend of 1ncreas1ng 6 180 with depth
Conversely, the 8§ 13¢ values show less scatter and a pronounced decrease w1th.
'increasing depth, with values ranging from -0.7 to 8.20/00. The -6180 values
of the coarse grained sahp]es are isotopica]]y Tighter than their fine grained
equivalents, while similar 613C‘va1ues were obtained for both the coarse and
the fine Qrained fractions. A .

The 813¢C and ' 6180 data shown in F1gure 4. 3 exhlblt a genera] trend of
decreas1ng s 13¢ w1th 1ncreas1ng §180 in the. ca1c1tes. Th1s trend is
opposite that typ1ca1]y observed in hydrotherma] carbonates. For example,
carbonates associated w1th felsic extrusives at the Tui Mine, New Zealand
(Robinson, 1974) and the Sunnyside Mine, Colorado (Casadevall and.Ohmoto,
1977) display a trend of increasing .513C with increasing ¢180. This trend
has been corre]ated with a decrease in the temperature of formation. TheA
range in 5180 and 613C values from these deposits is however similar to the
range observed in C/T 2, and is typ1ca1 of many hydrotherma] carbonate |
minerals which occur in ore deposits in various types of host rock, regardleSS
of whether or not carbonate rocks are known, or inferred, to be in the area
(Bethke and Rye, 1079)

In general, the left- hand portion of the &13c- §180 trend is composed
of carbonates found in strong]y altered zones (Zone A, Figure 4. 3) The
central port1on of the plot-is compr1sed of carbonates from moderate to-weakly
altered rocks (Zone B), while the right-hand segment is character1zed:by. |

carbonates from weakly altered 1ithologies (Zone C).
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D. Discussion

- The interpretatioh of'dataAgivén in Tab]e‘4.1 ana:p1otted in Figures 4.1,M
4,2, and 4.3 is hindéfed by;several'factors which include: (1) ouf inability
at present to evaluate isotopically various generations of calcite, (2) Tack
of fluid inclusions which coq]d be anaTyzed to ascertain the isotopic |
composition of fluids in equilibrium with the alteration phaées, and‘(3) our
poor understanding of the_tempora] relationship between the present-day fluid
and the alteration assemb}éges; Although theﬁe obstac]es‘cannot be |
immediateiy dvéf&dme;'the evé]uatibﬁfof the data distribution, app]icatiqn of
geothermomefers,.and corfe)étién-ofbcalcu1ated temperatures with measured
temperatures and trace giement distribution patterns may aid in qugntifying
the hydrothermal processes which effeéted C/T-2.

e

1.. Frequency Distribution. The oxygen and carbon isotopic data given in

Table 4.1 are graphically depicted ih the form of'fregﬁency'histograms in.
Figure 4.4. This p]dt shows thaf the oxygen isotobic»data are composed of two
distinct populations, while the carbon isotopié data are cénfinéd.to one
population. The éxygén isotope population I contains‘carbonates‘which occur
above about 915.0m (3000 ft) in the zone of moderate to strong a]terafion.
Population II consists of carsonates from below 915.0m in the zone of weak
alteration; o o |

Vast]y different,temperaturebregimes could explain the sp]it'ofA s 18g
values into twdlpopulatfﬁns,: However, oheimight also expgct'a similaf split
in the 513C‘va1ues.‘ A\mbre p]ausiﬁ]é_gjte}natiyg-ﬁigﬁt be the presence of
difféfént.typeé 6fvwa£éf,'ﬁhéfe Glgo.ffu{d values varied, but the 613t fluid

composftion remained essentially constant. Superimposed on this behavior
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'could be s]1ght1y d1fferent temperatures not nearly so drast1c as those
‘requ1red to produce the Sp11t in the populat1ons. The break between these two

180 groups appears to coincide w1th the position of the 1ow—ang1e fau1t which
cuts the hole at about 838.0m. The upper plate is badly brecciated and more
permeable than the lower plate thereby permitting greater access by downward
percolating groundwaters. | |

Application of the chloride-entha]py.mixing model,(Fournier, 1979) to the

C/T-2 fluid (ana]ysis_l, Table 3.4)‘indicates that approximately'33% mixing
with a cold water cempoheht is likely. - If we assume that the bulk of this
mixing occurs above the fault, and that a 6180 value of -12. 6 observed in
hole 14-2V(unmixed) a few miles away is typical of the(deep f1uid and
-15.79/00 is representative of cold groundwater, a mixed f]uid' 5180 of about
~-13.7°/oo is computed. We might conclude from this that below the fault, a
189 fluid value of about -12. 60/00 dom1nates, wh11e above the fau]t, a value
of -13 7°/oo preva1ls. ~ The presence of one 613C p0pu1at1on for the

carbonates suggests(that'the §13¢C value of the fluid varied little and

probably averaged around -7°/00, typical of many groundwaters'(Ohmoto and Rye,

1979)

2. Tsotope Geothermometry. If we assume that these §180 and s13¢

fluid values are reasonable, then temperatures of formation for the carbonates
can be computed using isotope geothermometry. The app]ication of isotope
geothermometry depends on the estab11shment of equ1]1br1um between the fluid
and the phase be1ng depos1ted Thus, in the system calcite- water the oxygen

and carbon-1sotop1c fract1onat1on factors can be defined as:

' 18,16 ‘
ol = ———Q*—)-—-—( /_0 and

CC-W (18 0)

Y |



cc-w (13C/12C)w

~, respectively.

The fractionation factor ( a) is related to the equilibrium constant (K) of

the appropriate isotopic exchange reaction in the following way,

where n is the numbér of exchanged atoms.

Note that from the definition of given previously, that

) o)
_ cc y _ w
]nacc—w = In(l+ 1000) - n(1 1000)

which simplifies to: 10001n &cc-w’ with 8.c and 8, representing either
6180 or s13C values. The fractionation factor () has been shown to be a
function of 1/T72 and relationships have been derived from the experimental
calibration of calcite-water isotopic exchange to give:
1000Mn o . = 2.78(100)/72 - 2.89

for oxygen (Friedman and 0'Neil, 19765 and from theoretical work by Bottinga
(1968) for carbon:

10001n a (., = -8.914(108A)/T3+8.557(105)/T2+-18.11(103)/Tf8.2)
taken frdm Ohmoto and Rye (1979). Temperature in theselequatioﬁé is in
Kelvin. Therefore, by re]ating the diffefence betwéén §180 or §13C values
of carbonates and watef‘in C/T-2 with these‘expressions,'the temperatures of

formation can be determined.

Temperatures estimated in this manner are given in Table 4.2 and plotted
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Table 4.2. Estimates of Carbon and Oxygen

Isotopic Temperatures in Well €/T-2

. (o] oXy

]0001nucc_w Tca]c
(°c)
20.4 10
23.0 55
14.1 132
14,1 .- 132
14.5 . 127
15.5 = 117
15.9 110
14.4 130
16.3 - 105
16.2 C 07

18.4 90
13.4 ) 140
18.9 o 85
13.5 140
19.2 83
15.7 112
19.5 o - 80
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19.4 82
18.8 . 86
12.0 160
17.5 - ' 98
19.8 78
17.9 ' 94
21.9 64
17.0 102
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in ffequency hiétogram form in Figure 4.5. The two distinct pdpu]atibns'
present‘in the 5180 raw data (Figure 4.4) are now ;eplaced by one population -
with a mean tempefathre‘somewhat less than the mean predicted for the carbon
isotopié temperature distribution. Tﬁe oxygen isotopic temperatures never
exceed about 1700C, while carbon isotopic tEmperatufes reacﬁ as'high as 2400C
in the deeper part of the hole. Little can be said About the validity of
these temberatures because the f]uid isotopic data is‘aésumed and not
measured. In a very genera] way, carbon isotopic temperatures increase with
depth, while oxygen 1sotop1c temperatures exhibit dlst1nct]ve h1ghs and lows
which seem to alternate back and forth with depth. The oxygen isotopic
temperatures are gehera]iy 1ess than the méasured temperatures except in the
upper part of the ho]e, 304.8-594.4m (1000-1950 ft)

E. Ident1f1cat1on of Fluid Entrles

A graphical compar1s1on of the oxygen and carbon 1sotop1c temperature
profiles with Pb d1str1but1on is shown in F1gure 4.6. The enrichments of Pb,
As or Hg~over-some_background concentration have generally been Cprreiated
with perﬁéab]e,yf]uid entries in thelrock. Many of the oxygen isotopic
'temperature spikes correlated quite closely with the highs observed in these
trace e1emehts. ~This is particu]af]y true for oxygen and Pb below about 1200m
(4000 ft). Typica]]y, carbon isotopic temperatures do not correlate with
trace e]ement highs. Rather, they mimic, in a gross way, the presenf
temperature distribution in the system.'(  | |

These data suggest that the oxygen 1sotop1c compos1t1ons of carbonétes
may haye continually re-equ1]1brated wyth fluids moving through the system.

Carbon isotopes, on the other hand, have retained their initial values fixed
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at the time of deposition. This hypothésis fits in well with experimental
isotbpic exchénge rate data.which predict much faster rates of exchange for
oxygen fhan carbon; This trend coupled with the possibility that the CO2
concentration in the fluid may have decreased significantly since the
deposition of the carboﬁates would result in a case where the §13C values
remain essentially unchanged. This conclusion is substantiated to a certain
degree by the fact that coarse and fine grained carbonates‘have éssentia]]y
the éame_613c va]ues;.jndi;ating the presence, through time, bf a uniform
613CAvajue in the fluid and aBsénce of re-equilibfation in respbnse to

variations in temperature.



V.  PHYSICAL PROPERTY MEASUREMENTS

A. ABu]k Density and Magnifude Susceptibility Measurements

Bulk density and magnetic susceptibility ﬁea5urements were obtained for
335 ﬁuttings samp]és between 122m (400 ft) and 2092m (6885 ft) in LASL C/TQZ
(Table 5.1). Magnetic susceptibility was measured using a Bison
Susceptibility Bridge (Model 3101) and bulk density was determined by fluid
displacement and sample weight.' The 1atfér meésureﬁent was quife difficult
‘because the chips' size was very small. The small size méde it diffiéult to
Vsaturate the volume of érains with water. Trapped air would lower any density
measurements. Every effort was made to eliminate this problem. |

The magnetic‘susceptibility values ranged between 40 and 200 up cgs in-the
alluvium and between 2000 and 600 ucgé'in the crystalline rocks. No.clear,
genera] correlation is evident between Tithology and magnetic susceptibility,
although the highest va]ues‘tend to be associated with the microdiorite and
Precambrian Qneisses which are rocks containing the highest amount of mafic
minerals.‘ o

The bulk density‘values indicate a cd}re1ation with rock type. The more
‘mafic rocks, primarily the biotite-pyroxene-hornblende diorite and hornblende
microdiorite,‘are more dense than the felsic granitic rocks such as the
hornblende, biotite granité.

Figure 5.1 is a plot of density versus magnetic susceptjbi]ity and
indicates increasingvdensity correlates wifh-an increase in maénetic
susceptibiiity;' ThfsAfesult is due fo the higher density of magnetite and the
fact.that the r0ck$ containiné more mafic minerals, which have higher

densities, have higher magnetic susceptibilities.




Table 5.1 -‘Magnetic Suéceptibi]ities and bensities of Cuttingé from LASL'C/T-Z.
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e DENSITY " MAG SUSCEP
(feet) - (meters) . (gn/ecc) - - (x20%ucgs).
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159:2. 5 R 2.78 L e3ss
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HNNNNNNNNNRINNNNUNRRONNNNNNNNNNPONDNNNNRNNDNNPNNNNNNNNNENNND

H

79
g1

L7800
.72
.76 .
.78

70

&9

b6
74
11
68
71
64
75
63
bb
72
b6
72
65

77
72
70
&2
&2
&3
61
76
80

67

71
71
61
71

&7

&9
52

56 .

56
45
52

Ryic]

%3
S7
61

5b -

64

67

53 L
FX-BR

o4
67 °

68

72

[ZY- T

MAG SUSCEP
(xlOGuCQS)

2314,
20846,
360 |
3180."
-3330%.
4487.
2457.
2324,
_2304;
96Y.
729.
2054,
1644,
‘R25%4.
4470,
200U.
. 3360.
2761,
29913,
2925,
3051.

3367, 7.

4410,

3564,
1484, - -

1209.
1240.
2994,
3900.
2718,
2849, -
2400.
2582,
2374
1976,
2210.
Q4 b,
787.
787.
891
1294,
1414,
2108.
1616.
1314,
T 2074,
1450,
1413.

© - 3389

T 1520.
L1862, .

2134, .

. 3313,
T 293u.
1678,
11953,
2144,



(feet)
450%.
ABDY.
4545,

4565,

1585,

. 4605,

44025,
AHAS.
4665,
4685,
A715.
/4735,
4760,
4785:
805,

- N825.
nBaLS.
nBLS.

4885.
nQ05.
4925,
nN945,
7975,
RS,
5015.
5035.
5055.
5075.
S095.

L 5115,

5135.

5155,
C 5175,
- 5200.
. 95225,
© 5245,

5275.
5300.
5335.
5360.
5385.
5405,
5425,

. 9BRO.
. 55185,
5565.
. 5535
5605,
5625,
S6AS5.
5665,
5685,
5705,
5725,

0000000000 CO0CO00000NAV0O0COCCOO0TCOOLIOOO00CO00O0

0000000000

(meters)

'1373.1

- 1403.6
- 1437.1

1464.6

' 1495.0 -

1528.6

1559.1

15850
. 1615.4 -

1647.4
- 1682.5
. 1708.4

1738.9

~ DENSITY
- (gm/cc)

NUNNERNNNPDOPDNNNNNNNNNNRNNNNREERNNNRNNRONNNDPERNNNRONNENRONNNERR

63
&0

66

64
65
47
60
b6

b4

64

. O1

67
Y]

.60

b6
&2
64
62
&5

37)
.99

68
63
75
o9

. L8

&3

.67
. 63
b6
. 60

o8

. 67

61

. 64
. 65
. 60
.63
.67
. b6

71

.74
.77

.71
.79

- 80
.76
.70
.70
"73.
69
. 64

68

.70

51

MAG SUSCEP
(x16%ucgs)

L2366,
1500,
2452,
16372,
1270.
14014,
1117.
2001,
237a.
34(.‘4. .
2501
2673,
15220,
1.030.

_ 10LY9.

1668,
2231,
2047
1692,
1242, . .

2110, . .

2278, a .
2171,

1445, -
15463,
104%.
10710,
1601,
10006.
2039,
1773.
2051,
3448,
2160.
1973,
3213,
1646,
1753, 7
31035,
1704,
2337.
2547,
1972,
1801,
2204,
1707.
2117,
1891,
1806, . .
- 2051,
ea7.
. 2200. .
2155,
2630.
2391.
v 1944,
5478,



e (feet)

- 3U75.
-.34005.
3135,
3450,
31465.
313%.
3475.
3515.
3530.
3515,

555,
3575.
3575,
34515,
3635,

" 38555,
- 3L75.
3675,
- 3715.
373%5.
3755.
o775,

- 3795,
3015,
363,
335%.
ZB75.
329y,
a9os.
3955.
3975.
4000.
5025,
4005,
4065.
4085.
A095.
4105.
4125,

. 4145,
4165,
5165,
2205,

Anns,
4245,
265,

CADnas,
422085,
4339,
A345.
4RLS.

. 4335,

L ARDS.
4425,
. /AN,
88865,
4485,

0000000000 CO00O000000CO0COCO000DO000000O00000000000CO0000000O0

(meters)

1037.8

1071.4

1101.9

1132.3

- 1162.8 - .

1187.2

1219.2

1251.2

1281.7
C1312.2

1342.6

NN RBNRNNNNNRRNONNNRINNRERONRNNNRRRBRNNRENEORDRNNONMRNRNONNN

R

.
L

P

.
-

SEEE,

'DENSITY
(gm/cc)

.0

.07

65
68
75

27 .

73
3

. 63

74

.02

. 50

61
49
53
49
A8

ol

49

56
61
57
&0

52

it

O
HO

.63

62
06
61
o1
s2

&0

.61
57

o3

- 63
.70

70
76

&3

o7
(3743

r4Y-Y
o4
. 63

61
(e}

5957

65

.09

b1
o1

62 -

L7

. 60

MAG SUSCEP
(xloﬁucgs).

2179,
3340.
1701.
5423,
7050.
34320,
324,
2614,
2604,

12406,

2050,
1314,
€897,
88°,.
127, .
1102,
12672,
10079.
1135
22264,
2404,
2333.
2272,
1313.
7744,
1017,

14348, =~

Q1.
2827,
2060.

7314.
1777.

.2639.

2201.
1945,
3182,

16306,

1814
1521.
1089.
1275.
2581.
1584,
2622,
2026.
1913,
1597.

. \27.

927.
1936,
1561,
1667,
1521,

16310
16440
-.1770.

3747.



,
. DENSITY : MAG SUSCEP
{feet) - (meters) . (gm/cc) - (xlosucgs)_
5750. 0 ' 2,71 - . 11BU,
5725.0 ' " 2.69 . 1299,
5795. 0 1772.4 2.68 - 1014,
53150 S 2,69 : - 953,
50325. 0 2.70 1046,
503%5. 0 2.72 - 2075,
586%. O. 2. 86 : 28673,
580%. O : 2,67 1173,
5905. 0 1799.8 2.77 ' - 3100,
5975. 0 2. 80 1794,
5245. 0 2.04 ) 1276.
5965. 0 2. 70 1037.
5978%. O 2.73 18446,
600%. 0 . 1830.3 2.79 : 641,
6025, 0. : 2. 84 g ' 1647,
6040. 0 2.61 . - o “974.
60565.-0 2.79 . L1697,
6090.0 - - . 2.84 1216,
5115, 0 1863.9 2.79 S . 2084,
6135. 0 2.80 . 2403,
65155. 0 2.79 1831.
6175.0 2.85 1331
619%5.0 - ; 2.80 7~ 2544,
621%. 0 "1894,3 2.87 » 1851,
6235. 0 2.87 2461,
6255, 0 2. 86 : 26883,
6275.0 2.75 i 2937,
629%. 0 2.70 : 950,
631%5. 0 1924.8 2.85 2005,
6335. 0 2.78- 3742,
6355, 0 2.73 ' , 1623,
6375. 0 2.7 - L1799,
6395. 0 ' 2.85 L 2onn,
&415. O 1955.3 2.71 - 1368.
6435. 0 2. 62 : 15%0.
6455.0 - 2.78 .1181.
6475. 0 2.74 ’ 1131
6495. 0 2.74 . 1263,
6515.0  1985.8 2.74 1521.
6535. 0 2.64 ‘ T o231,
6555. 0 2. 67 .. 2007.
&6£530. 0 o 2. 67 . 1840,
0623, 0 12019.3 "2.70 ‘ 2187,
6£650. 0 - relv2 . ’ ) 1517.
65665, 0 2. 67 ’ 1783,
568%. 0 2.74 . 1792,
670%. 0 2.81. o 2607.
6725.0 2.62 . . 2616.
6755. 0 2.73 . . 2337.
6735. 0 : 2.68 . o © 2116,
6235, 0 2083,3 - 2.77 . 0 2098.
6355. 0" . 2.54 . . .. 2020.
o865, 0 ‘2.58 0 0 7 1pBd.
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- Tab1é15;2;

T DEPT

P e

. Feet”

.~ '700-730

760-775

815-830

920-935 "

935-950
950-965
965-980
980-995

995-1010

1010-1025

1025-1040 -

1150-1165

 1240-1270

1345-1360
1450-1465

1660-1675

1705-1720
1750-1765
1855-1870
+ 2000-2005
2155-2170
2250-2260
2350-2360

2450-2460

2550-2560

2710-2720.

2800-2810
2850-2860
2900-2910
2950-2960
3000-3010
3050-3060
- 3100-3110
3150-3160
. 3200-3210
3360-3370
3390-3400
3450-3460

3500-3510 ¢

3560-3570

3600-3610 *
~113-1116
1128-1131 -
1158-1161
1 1219-1250

3650-3660

:3700-3710 ..
3800-3810 .

4000-4100
4200-4210

4400-4410

213-223
232-236 -

248-253
280-285
285-290
290-294

-+ 294-299

. 299-303

' .303-308.

308-312
0312-317

351-355 .
378-387 -

410-415
442-447
506-511
520-524
533-538
565-570
610-611
657-661
686-689
716-719

- 747-750 ¢ -
777-780

826-829 -
853-856
869-872

884-887 -

899-902
914-917
930-933
945-948

960-963 -

975-978
1024-1027
1033-1036
1052-1055

" Meters -

o

-

:_—‘5
m:}Kfl)

2,90
]'87 PR

2.79

. 2.52

2.69

' 2.07
£ 1.94
42,07

‘1.84

2,28 . -
1.8

2.07
2.40
2.28°
-1.87
2.20

1.80

2.03
2.10
2.13
2.12
2.2]1
2.13

- 1.81

2.07
1.76

- 2.08

1.95
1.71

©1.90

1.91
1.97
1.84
1.78 .
1.85

- 1.87
2.02. -
1.77 -

- 1067-1070 . e
-1085-1088

1097-1100

1280-1283
1341-1344

1,77 -

1.81

2.27 -

1.88 -

1.91

1.92.

1,65

1.7

1.75

T
o)

163
164

70

170
171

172
173
175
180
181
185

*

K

K
(Wm™ 1K™

2.83
1.82
2.70
2.43
2.59
1.99
1.87

" Thermal Conductivity Measurements on Chip Samples
' ~.in C/T-2-at 15 C and Well Bore Temperature.
.. (Values dre for dry, non-pérous rock.)

Ty e

1.99

1.77

2.19 -

1.77

1.98

C 2,29

2.17

1.77
2.07°

1.69
1.90
1.96
1.98
1.97
2.05
1.97
2.10

1.67 -

1.62
1.91
1.79
1.57
1.74
1.75

. 1.90

1.80

:1.68
1.62
1.68

1.70 -

S0 1:84
0,61

S 1.61
1.65
LT

1.73
1.74
1.49
-1.55

. 1.58



~:,Téb1e 5.2, Continued =~ = -

" Feet

4600-4610
4800-4810
5090-5100
5200-5210
5400-5410
5600-5610
© 5800-5810
6000-6010

6200-6210
6400-6410 -

6600-6610

~ 6800-6810

-DEPTH -

4

. Meters -

‘]402-1405

1463-1466
1551-1554
1585-1588

1645-1649

1709-1710

- 1768-1771

1829-1832

1890-1893 -
19511954 -
. 2012-2015 .
- 2073-2076

_— ) et e et d et e —d —d

(Wn"IKY)
76

.78
.80
.77
.95
.86
.62
.92
.76
.01
.94

(OC)

190 -
192
195
197
201
203 -

207 -

210
211

. 2157

218

223 .

——d

*
KS

(Wm~1K"1)
.58 -

.62
.59
.61
.58
.74
.65
.44
.70
.56
.78

~l
—



B. Thermal Conductivity.

Therma]jconductivity va]ués were obtained on 59 cuttings samples from.
LASL C/T-2, between 213.4m (700 ft)‘énd 2075.7m (6810 ft) and ace listed in
Table 5.2. These measurements were made on a divided bar apparatus (Sass, et
al., 1971) which was calibrated with fused and crysfa]]ine quartz (Ratcliffe,
1959). Measurements were made at 15°C using the cell technique described by
Sass et al. (1971 ) and adjusced for the appropriate borehole temperature using
the method described byAwiison-and Chapmah (1980). |

The tempcrature correction is cdmputed using the fdi]owing expression;

Kg = KO e“ O,T

vhere o = 0.609 x 10-3 o¢~1

and K, = K; elda

K¢ is the measured solid rock thermal conductidity'at 150C and K¥ is the
temperature corrected thermal conductivity at temperatdre‘T(OC). Borehole
temperatures were taken ffdm the Dresser Atlas log of C/T-2 obtained by LASL.
The sample depths, Kg, T and K;“are listed in Tab]e.S.Z. The thermal
conductivity data are gived in SI units, Watts/mCPK.. To obtain cgs units,
mcal/cmOC sec, simply multiply the data by 2.39.

The thermal conductivities appear to be Tower than might be expected.
Typical values for these rock types fall between 2 and 3,5 watts/mpK
(approximately). The measurements have a precision of 2% or better and an
accuracy of 10% or better. ‘However, ﬁeasdrements are made on.chips and a ’
mixing formd]a'is used toiconvéft‘thESe measurementc to ones for solid |
material. The measurement_Syétem.Qas checked‘usingzcrushed quartz standards

with good results. However, C/T-2 chips are quite small and difficulties may



arise from use of the mixing formula or from estimating solid material volume.
The latter problem existed in.the density measuremenis. Several experiments
have been proposed and are scheduled to study the problems of estimating
thermal conductivities from chip samb]es.

A further problem, noted ear]fer, is that the quartz and feldspar grains
may have'been crushed to such a size that these minerals were depleted in the
chip samples at the time of collection and later during the washing process.
The greater concentrations of mafic minerals, particularly biotite, would
lower the thermal conductivity. |

The data in Table 5.2 would represent zero porosity material. If
porosity corrections were made, the thermal condgétivities would be lowered
(Plewa, 1976). However, porosity of these rocks is quite low (<2%, with few

exceptions) and the correction would be small.



VI GEOPHYSICAL INTERPRETATIONS

A. Introduction

A number of well logs have been obtained in C/T-2 by Phillips Petroleum
Company (PPC) and LASL. The PPC logs are conffdentia] and were examined but
not analyzed. The LASL logs have been digitized at 0.15m (0.5 ft) increments,
plotted at 12 and 24m/cm (100 and 200 ft per inch) scales and interpreted in
terms of geologic and geéphysicél.properties.  The logs have‘been correlated
where poésib]e to eaéh other and to'geologic rock t&pes.

The’wellAwas éaséd fo 1280.1m‘(4200 ft) and the casing cemented prior to
logging by LASL. Hence the log data are not studied in detail above this
depth. Unfortunately most of the interesting, varied geology occurs above
844.3m (2770 ft), as noted earlier, and lies behind casing. A]]‘]ogs
avai]ab]e'for study are fisted in Table 6-1. The table lists the logging
company, 1o§ type, log data, logged interval, cased interval and bottbm Hole

~temperature. | | |

Bofh'Schluﬁberéer (Schl) and Dresser Atlas (DA) haturai gamma 1ogs vere
recorded with the neutron logs. The caliper log was recorded with the
temperature ldg.. The electric 1og was obtained with an induction tool. Eaéh
log will be discussed individually and interpretations of each Tog and log
data cross plots will be presented and discussed. .4

The log data have been plotted in Plate I at a 24m/cm (200 ft/inch) scale
and in the same units iﬁ whibh they were reéorded. A lithology log and',
columns showing (1) altered catac]aéite, gduge and microbreccia, (2) chlorite
after mafic minerals, (3) estimated volume per cent sulfides and (4) estimated

volume per cent‘"limonite" are included in Plate I. The magnetic




TABLE 6.1 Well Logs Obtained in C/T-2 by LASL:

LOG NAME LOGGING COMPANY LOG DATE LOGGED INTERVAL BOTTgM HgLE TEMP,
: : meters (ft) F ("C)
Diff. Temperature Dresser Atlas 11/14/78 0-2079.6 = 442 (227,8)
. ‘ 4 (0-6823) .
Gamma-Ray Neutron2 Dresser Atlas 11/16/78 234.7-2080.8 446. (230.0)
: ' ‘ : (770-6827) ' :
Comp. Densﬂog3 E 'Dresser Atlas 11/17/78 234,7-2080.2 - 443 (228.3)__
' ' g ‘ (770-6825) ‘
- Acoustic CBL/VDL Dresser Atlas 11£17/78 231.6-1767.8 - 446 (230.0)
B | ‘ : (760-5800) .
4 Schlumberger i 2/5/79 1287.4-2087.8 - 440 (226,7)

Borehole Comp. Sonic
' . (4224-6850)

5

Induction - SP Schlumberger - 2/5/79 1 1297.8-2085.9 440 (226.7) 

| | (s25e-6844) |
° Schlumberger 2/5/79 243,8-2089.0 440 (226.7)

\ Gamma=-Ray Neutron
' (800-6854)

NOTES: ‘Hole was cased to 1280.im.(4200 ft) for all logs.

®Thermal Neutron - NT = N, 130.
3Both long and short détector spacings recorded,
4No transmitter - receiver separation available to calculate interval travel time.

SSingle Induction log - 6FF4O.

' 6Therma] Neutron - GNT/N,




susceptibility aﬁd density measurehent§ obtained frém chip‘samplesAand ,
discussed earlier are p]otted in Plate I. | | |

A second plot, at 12h/cm (100 ft/inch) scale and fdr the portion. of the
‘hole below casing, 1280.1;2099.4m (4200-6855 ft), has been created and is
shown in Plate Il. A few of the Togs shown on Plate I have been éxc]uded, new
data added, thermal conductivity and temperature gradient, and the DA neutron
and density logs are shown converted to porosity and density units,
respectively. | o

Reference td P]ates.i aﬁd Ii wi]f'be made‘freqUEntfy in foTlowing
sections. All data reéording pa}amefefé were in English and/or 0il Field
units. SI and the original units are both shown'on Plates I and Il as they
will be throughout the rest of this report.

B. Log Descriptions.

1. Temperature Log. DA recorded their Differential Temperature Log in

C/7-2 at 30.5m/miﬁ (100 ft/min). Bch absolﬁte temperature and a differential
temperature log weré recorded. Only the absolute temperafure,1og'has been
digitized and it is plotted in P]afe'I. Temperature -gradients have been
computed from this log using 3.05 and 15.3m klO and- 50 ft) depth intervals,
and are plotted in Plate II.

A curious feature of the temperature log is the several, quite smooth
near zero gradient intervals throughout the log; examples can be noted bétween

472.4 and 499.9m (1550 and 1640 ft) and between 823.0 and 883.9m (2700 and
2900ft). Either these intervals reflect instrument malfunction or small
convective cells in the borehole. Instrument prob]ems (intermittent ones)

would be the most pfobab]e cause of these features. An earlier PPC



temeeratﬁre 1o§ dqes,not exhibit any similar features and the DA t0o1'did fail
at thevbottbm'ofvthe hd]e before}aﬁy post_sufvey ca]ibratton.could be made.

' The temperature gradient exhibits larger variations in the 3.05m (10 ft)
‘interval values than in the 15.3m (50 ft) interva]'values. These variations
cannot be comp]ete]y exp]a1ned by therma] conduct1v1ty changes (see Plate II).
Remember that the thermal conduct1v1ty measurements are for zero poros1ty rock
“and that therma] conduct1v1ty decreases with increasing porosity. Note that
vthe low temperature grad1ent 1nterva] between 1630 7 and 1691.6m (5350 and
5550 ft) correlates w1th a 1ow, near zero neutron porosity. Below 1706.9m
(5600 ft) the neutron. poros1ty corre]ates with a temperature gradient
increase. The neutron porosity reflects the presence of both porosity and-
‘hydrous minerals and both would lower the thermal coﬁductivity and increase

the gradient.

2. Caliper Log. The DA caliper log was recorded simultaneously with the
temperature Togt eSevera]Wabrupt,‘uhexplained recofding offsets eccurred in
the caliper log and these Qere removed before the data‘Qere plotted in Plate
I. Tﬁe log shows insignificant hole enlargement or cavfné which might
indicate fracture intercepts in the we11 bore. Fault gouge was noted in drill
chips in intervals centered at 1453.9m (4770 ft) and 1767.8m (5800 ft) and
neitherrinterva] hes generated any hole enlargement which suggests both
fractured interva]s are we]]lsealed. o

The caliper log shows a éecreasieg hole size with depth in caging and an
increasing hole size with depthlfn tﬁe open hole. kA temperature effect Shou]d
result in enly a single typeﬁdf variation such as an increase in appatent.hole

diemeter with depth. HNote tdo, that the casing depth is clearly lower on the



"ca11per 1og than reported by PPC. Th1s d1screpancy appears on near]y a]] the

‘;1ogs and 1nd1cates a depth recordlng problem in the 1ogg1ng of C/T 2. Th1s ‘Q'ﬁ"'

prob]em w111 be d]SCUSSEd further in a later sectlon. o d'~~'-- 'f‘

3. Acoustlc (Velocity) Logs. LASL obta1ned a Schl. Borehole Compensated

Sonic Log (BHC) and a'DA Acoustic Cement Bond Log (VDL) in C/T-Z Little of
part1cu1ar 1nterest for th1s study is conta1ned in the VDL 1og and it is not
shown in P]ate I.‘ Th1s ]og is referenced where 1t conta1ns 1nformat1on

support1ng an 1nterpretat1on of another 1og. -The Sch]. log conta1ns aat

measurement us1ng a s1ng]e receiver ‘an amp]1tude measurement and a var1ab1e ,

dens1ty;(wave form peaks) measurement. The ‘At and amplitude .log data are
reproduced in Plate I. Again the variable_density log exhibits very lTittle of
dinterest and is not shown on Plate 1.‘ The Schl. log was recorded only in the
open hole. The BHC log exhibits only minor problems of cycie skipping.
However' the tool did experience a transmitter fai]ure be]ow 1944 6m (6380 ft)
and data were ]ost between 1944 6 and 1966 Om (6380 and 6450 ft) | A second
transmltter in the too] was’ used successfu]]y thereafter._ Notes on the log
indicate a_sw1tch was made to a d1fferent_rece1ver at 1834<3m (6018-ft) and
. that the At data are inva]id.(no‘reason given) between 1318.3 and 1325.9m

(4325 and 4350 ft). The At curve shifts to longer travel times between

1834.3 and 1925.7ms(6018 and 6318 ft) due to a change in transmitter receiver -

separation. .
The tool was centra]1zed and pul]ed at 15 2m/m1n (50 ft/m1n)
'transmlter-recelver separat1ons were reported therefore the data cannot be

converted to convent1onal un1ts of 1Jsec/m ( u sec/ft)

v_4;- Neutron Log;. Both a DA therma] neutron 1og (N TN) and a'Sch].




thermal neutron log (GNT-N) were obtafned in C/T-2. The DA log was obtained
at 10.7/m/min (35 ft/min) and a time constant of -two seconds and the Schl. 1og
was obtained.at 18.3m/hin'(60 ft/min) and time constant of one second. Both
logs were recorded in API .units although the DA log scale was calibrated for
an air-filled hole and labeled as N-TN/ ¢ units. A simple multiplication of
the DA neutron log scale by 12 converts it to the correct API units, as noted.
on Plate I. The corrected log is plotted in Plate II. Clearly the logs from
the two companies do not.combare favorab]y.' First, fhéfe is a depth offset,
which will be discussed 1ater, between the two logs; sécond,vthe DA log
exhibits a much greater variability than the Schl. log although changes in
response are coincident (allowing for the depth offset) and three, the Schl.
log response in the open hole is beyond tﬁe 1imit of the calibration curve
" (much less than 1% porosify) for this tool given in Sch]umberger (1972)
wheréas the DA tool response is 1afge]y.within the calibration range shown on
their calibration Qraph (DfessérAAt1a$;'1980). Figures'G;l, 6.2, and 6.3 are
cross plots of déta from the two neutron logs for three.arbitrarily selected
intervals. The data have been averaged on 1.52m (5 ft) intervals. Since both
%]ogs are in API units they should be expected to show closer agreement. Of
the three intervals plotted, only the one between 1866.9 and 1988.8m (61é5 and.
6525 ft) demonstrates any significant variability in the Schl. log. A linear
relationship between the two logs was determined from data in this interval to
Be | | ‘ ‘
DA = 10137 - 3.50 Schl. (6-1)
ih third degree polynomial was fit to the DA calibration curve and was

used to convert the DA 1og'to porosity units (Table 6.2). The polynominal
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“1 " TABLE 6-2: COMPARISON OF POROSITY VALUES READ FROM DA
" CALIBRATION CURVE AND POLYNOMIAL EQUATION.
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equation 1is: , _ : _
tog ¢ = 1.72-4.86X10-9A-8.11%10-11A, - (6-2)

where A is in API units.

" The data in Table 6.2 indicate that the pelynomialeequation used to
convert the DA-nedtron_log from API to porosity units is quite good for the
normal porosity range of rocks.  The neutron porosity data are plotted in
Plate Il and indicate. the poros1ty of rocks 1ntersected by C/T-2 below 1280.2m
(4200 ft) averages less than 4% and novhere exceeds 8%. A component of the
neutron poros1ty is due to hydrous numerals which w111 be demonstrated 1ater

5. Density Logs. LASL obtained a DA dual spacing DENSILOG in C/T-2.

The log was run at 15.2m/min (50 ft/min) andﬁe»time constant of one second.
The detector spacings were 19.cm (7.5 in), the long spacing, and 33 cm (13
in), the short spacing. The data were recorded in counts/min for both short
and long spaced_]bgs. Tﬁese‘data are p]otted.in Platesl; ‘The upper portipn
of the long spaced ]dg varied widely and was not_digitized. Therefore, it is
not showhAin Plate 1. Appareht]y the scéTeS shown on the-original logs are
reversed. To correct this error simply divide the lTong spaced dafa by twp and
multiply the short spaced data by two. These operations are noted on Plate I.

Based on cq]ibration curves supplied by DA we determined the following
equations to convert.codnts to bulk density. |

Short Spaced: Xp ='2.722-2.559109‘XC , ) "(6—3)

(Aluminum calibrator couhts; 7500)

Long Spaced: Xp = 2;739-1;035 log X (6-4)

(Aluminum calibrator counts: 11475)




where XC is counts and Xp is bulk density. The iog:céunts are first divided
"_'by the aluminum calibration counts and then used in the formula. Denn;s Lynch
of DA, Ventura, California iﬁformed us that the long spaced counts shoﬁ]d
yield the better density estimates; The bu]k‘densitieS wére computed using g
the abové formulas and are plotted on Plate II. Tﬁe short spaced values are
consistently ]owef than would be expected for these rock types whereas the
Tong spaced counts appear reasonable.

Note. that thé'densitiés“detérmined'frém éhip samb]es are plotted by
points along with the DA bulk densities. With few eXceptgons; the chib‘va1ues
are significantly greater than those calculated from the well ]ogs.below |
1623.1m (5325 ff). Although the data do not agree,<fhey do show the same
variations. Above 1623.1m (5325 ft) the data show better agreement. The chfp
densities might reflect sampling problems. A gfeater amount of heav%er
minerals may have‘beentconceﬁtrated in the chjp samples below 1623.1m (5325
ff). The density log may be undereSti@ating the denﬁity of roqks high in -
mafics;-héwevef, this‘efror_should not be greater than several tenths of a
gm/cc. AssuminQ nd-error, the difference could be-exp]ained by approximately
8% porosity which seems too high and is not supo?ted by the neturon porosity
values. MWe suspect all three factors have contributed to the descrepancy

between the two measurements.

6. Electrical Conductivity and SP Logs. The Schl. 6FF40 induction log

was run in C/T-2 at a speed of 305m/mih (1000 ft/min).- The tool was not .
centered and a boreho]e_correétibn'bf -25 millimhos was uséd. Both a
conductivity and resistivity log were recorded and linear scales were used.

An SP ]og_was also obtained. No values of Rm, Rmfs OF Rpc vere recorded. The



logs were obtained long after the hole was completed and the borehole fluid at
the time of the Togging'was Qater. The water samples analyses (Table 3.4)
indicates the borehole fluid contains approximately 6200 ppm TDS;-rUsing the -
temperature range 185 to 2279C (365 and 4400F), observed in the drill hole
between 1280.1 and 2098.5m (4200 and 6885 ft), the borehole fluid resistivity
ranges between 0.19 and 0.15 (Schlumberger, 1972a, p.9) ohm/m and little or no
contrast should exist between the borehole and formation fluid resistivities.

Sch]umbérger'(1972b, p.31 and 1974, p.3) notes that induction logs, |
including the 6FF40, yie]d.poor resolution and accuracy where formation
resistivities exceéd 100 ohm-m, and there may be a 2mmho zero errér as well.
The induction log conductivity values in C/T-2 are almost entirely below 10
" mmhos/m (greater than 100 ohm-m resistivity) and numerous intervals show a
meﬁo/m or lower conductivity. Also Schiumberger (1974, p.3) noges that the
6FF40 tool requires standoff'for best accuracy. The casing diameter being
less than the open hole diameter préc]ﬁdéd use of cehfra]izers‘oh the
induction tool. Hence, the electrical resistivity (or conductivity)
measurements in C/T—2.are probably inacéurate. This prob]ém w;s observ;a in
electrical logging of other Roosevelt Hot Srings' dril]'holes'(G1enn and
Hulen, 1979).

The SP log contains a few interesting variations. The fau]t‘at 1453.9m
(4770 ft), and the 57f9m (190 ft) immediate]y above the fault, show a rjght
deflection (shale direétioh) on the Tog. The right def]ectioﬁ may reflect the
presence of clay minefa]s iﬁ the fault intercept at 1453.9m (4770 ft) and the
probability that the fault either parallels the drill hole over a 61.0m (200

ft) interval or the fault zone is 61.0m (200 ft) thick. A similar, shorter



response occurs opposite. the fault at 1767.8m (5800 ft) and again reflects the

presence of clay minerals in the fault. |
Several left deflections occur between the bottom of casing at 1280.1m

(4200 ft) and 1399.0m (4590 ft). We offer no explanation for these events,

although permeable fractures may be responsible. .

7. Garma-Ray Logs. Two gamma-ray logs were obtained in C/T-2, one by DA
and one by Schl. Bqth logs were obtained'simuitaneously with the neutron
logs and were recorded in API hnits.' The Schl. log was.run at 15.2m/min (50
ft/min) aﬁd a one second time constant, whereas the DA log was run at
10.7m/min and a two second time constant. Unlike the neutron logs, the two
gamma-ray 1og§ agree reasonably wei]. Both logs are shown in Plate 1 and for
simplicity only the DA log is shown'in Plate II. the the depth offset
between the two logs. Plots of the DA Gamma-Ray 10§ data versus the Sﬁhl.
Gamma-Ray log data are shown in Figures 6.4, 6.5, and 6.6 for three arbitrary

' depth intervals. The data are averages over .6lm (2 ft). A forty-five degree

1ine has been drawn in each figure for reference.

!,

As expected, the more acidic rock units generéte the highest and the more
mafic roék units generate the lowest gamma-ray counts. In particular, the
hornblende-biotite granite/syenite has é distinct high gamma-ray count, for
example interval 1080.0 to 1249.7m (3540 to.4100 ft), and the
hornblende-biotite grahodiorite has a distinct 1ow gamma-ray_tount, for.,

example 804.6 to 1079.0m (2640 to 3540 ft).
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The high-counts o&er short intervals, such as seen at 1920.2m (6300 ft),
are attributed to anomalous values of uranium, thorium and/or-their daughters
in these intervals. Analyses preéented earlier for 1920.2-1923.3m (6300-6310
ft)-substantiates‘this conclusion. We noted eér]ier thét the anomalous

contributions at 1920.2m (6300 ft) were from thorium, and uranium and thorium

daughters. The uranium has been largely depleted.

8. Summary Log Evaluations. The Dresser Atlas tehperature and caliper
logs exhibited charactefistjcs attributed to tool malfunction. The
temperature tool aid fai] shortTy aftér reaching the bottom of the hole. The
log contained sévera] short intervals of near zero temperature variation with
depth and a number of desérete offsets. Othérﬁise the 1og appears quite good
and the bottom hole temperature agrees with.the previously reported value.

The caliper log displayed both an increasing, in casing, and decreasing, in
the open hole, hole size with depth. One, but probably .not both changes can
be attributed to iempe}atufé affects. |

. Thermal conductivity»measureménts obtained from chip samb]es couid not
explain all the variations seeh.ih the temperature gradient curve computed
from.the temperature log. The gradiént curve corré]ated in many fﬁstances'to
“the neutron porosity log. |

The Schlumberger acoustic logs appear reasonably good. Tool maifunctions
did occur with some loss of data. A single receiver measuremenf was made
which may mean the datalare less accurate than would haQe been ppssib]e with-a
two receiver measuremenf, Also, a'traﬁsmitterlrecefyer separation was not
supplied and the trave].iimes could nbt be cbnverted fb'intervai transif time

or velocities. This separation was not constant for the entire log.



The two neutron logs were recorded in APl units aithough the Dresser
Atlas log was miéca]ibrated. The miscalibration was_easi]y”cofrected.
However, the Schlumberger log exhibitied very little variébility and the data
werejal] well beyond the calibration curve, implying porosities close to zero -
thropghout the oben hole interval. Our guess is that thg Schlumberger tool
lost sensitivity in the high temperature environment although an error by the
equipment operafor cannof be excluded.

The Dresser Atlas density-]og was fecofded in counts/min for both the
]ong.and short spaced detecforg. The scales weré 1abé11ed in reverse and the
correction was trivial. As predicted by Dresser Atlas, the long spaced
measurement yielded the more reasonable density estimates. A significant
descrepancy between the.density log and the chip sample densities occurred in
- the lower portion of C/T-2. The differences can be attributed to one or more
of the following: errors:in the chip samp]és_densities, Targer fhan expected
lower estimates of density in heavy miﬁera] rocks by the density tool .and an
‘anomalous high pofbsity; up to 8%, which cannot be supported by the neutron

log. - : : e -
The eiectric log was Séh]umberger's 6FF40 jnduction‘]og and a SP log was
recorded simultaneously. The rock'resistivities, as might be anticipated,
were greater than 100 ohm-m and not'particu]arly suited for logging by an
induction device. The tool could not be'centralizéd because of casing size
above 1280.1m (4200 .ft). !Therefofe, the resistivity log yields probable
minimum values and very little quantitative dafa. fhe SP 169 exhibfted

characteristic shale deflections obposite clay gouge and a1teration mineral

assemblages in fracture and fault zones. Several short sand type deflections




) may and1cate permeable fractures; :
| The Sch]umberger and Dresser AtTas gamma ray logs were both recorded 1n"
API units and agree reasonab]y we]l. The Togs showed common character1st1cs, h
acidic rocks generated h1gher gamma- ray counts than d1d the more mafic rocks..
Fractures- corresponded to anoma]ous]y h1gh gamma ray counts. Analyses
indicated this response could be attributed to presence of uranium and thorium
and/or their daughters.ifgllf"' | R | |

" A problem mentloned earller, but addressed now,'1s the one of
' dlsagreement in- recordlng of depth among “the 1095. CommonTy, Togs can be
aligned us1ng a po1nt of d1st1nct response observed across a su1te of logs.
In C/T-2 several such features are available for comparing the logs. The most
“obvious feature ts'the bottom of casing which Phillips Petroleum Company
reported'to be at 1280m (4200 ft)' ‘We have listed in Table 6. 3 the casing
point as seen on‘the various Togs. Three p01nts of dlstxnct Tog response have
also been p1cked on the var1ous Togs and T1sted in Table 6 3. These po1nts
are the. three fau]t or . fracture 1ntercepts at. 1453 9m (4770 ft), 1767.8m -
(5800 ft) and 1920.2m (6300 ft). The only accurate depths appear to be found
on Sch].'neutron, gamma-ray and veTocity:Togs.- All but the DA neutron seems
to remain a fixed distance off throughout the ho]e. The DA neutron depth
error appears to increase w1th depth from about 4.6m (15 ft) near the top of
the hole to about 9. lm (30 ft) at the bottom of the hoTe.. In the next

section, var1ous data cross p]ots are stud1ed and aTT Togs were adgusted to

‘2,"common depths pr1or to maklng the cross pTots.

C. Cross PTots

1. Basis for Plots. A common log interpretation technique utiTized by



TABLE 6-3:  COMPARISON OF DEPTHS TO VARIOUS DISTINCT FEATURES AS SEEN

ON THE DIFFERENT LOGS.

THE DATA TLLUSTRATES THE INCONSISTENT

 DEPTH RECORDING AMONG THE LOGS AND TO THE TRUE DEPTH OF THE FEATURES.

Log

Casing Depth

First Fault

Second Fault

Third Fault

Reported Depth

DA Caliper

DA Velocity (CCL)

Schl. Velocity

DA Neutron-i=:

Schl. Neutrono._.

.DA Density

“Schl. Induction/SP

Schl. Gamma-Ray

DA Gamma-Ray

1280m (4200
1292m (4240
1289m (4255
1297m (4éss'

1276m (4185
1281m (4203

1277m (4190

1281m (4203

)
ft)
ft)

ft)
ft)x“é
ft)

ft)

ft)

1454m (4770 ft)

1451 - 1463m "

(4760-4800 ft)

J1446m. (4744 Ft)
" 11453m (4766 °ft)

1448m (4750 ft)
1452m (4765 ft)
1453m (4766 ft)

1768m (5800 ft)

1768-1771m

(5800-5810 ft)

1762m (5780 -Ft): T-31913m (6275 ft). ...

21768-1771m.7
(5799-5810-ft)- —=-

1762m (5780 ft)
1763m (5800 ft)

1920m (6300 ft)

1914 - 1923m

—__ (6280-6310 ft)

1920m (6300 ft) =

1917m (6290 ft)

1919-1922m
(6295-6304 ft)

1914m (6279 ft)



log analysts in the oil and gas industry is the cross piot.(Savre, 1963;
Burke, et al., 1969; Poupon, et-al., 1970; Pickett, 1973). Two or more ‘sets
of log data are plotted versus eaéh other for the purpose of identifying
distinct Iithologiesband estimating better porosity values. Very few 7qgs,
and often only in particular instances, respond to a single rock property.
Héncé one log may producé one set of data but two or more unknowns. To
illustrate we will examine the commonly accepted response equations for the
three so-ca]]ed;"porosity" tools, the neutron, fhe dénsity and the Ve}ocity
tools. | | |

The response equations are ( ¢ is porosity in each case):

neutron: ND(counts) = C + D log ¢y | (6-5)

where C and D are empirical constants, 4

density’ Py = og(l- ¢p) + Pf ¢p - (6;6)

where py and Pg are ;he butk and grain densifiés, réspective]y and ¢¢

is the fluid density, and el e
velocity: At f': AfmA+ B by .“. o (6-7)

where Af and Aty are the interval transit time from the log and the
matrix travel time (assumed constant) and B is ah empikical constant.

The porosity in each case is éiven a subscript to indicate which log was
used to compute it, N for neutfon,‘D for density and V for velocity. The
praétice is to e]imfnate porosity from each péif of equations and a plot of
the one log versus the othe} should yield values for the matrix.constants C,

D, Pg and At Note that any p]ot’fnvo]Ving the neutfon log will be a

log-log plot unless the neutron log is in porosity units. In thii‘insténce

equation 6-5 simply reduces;to ¢y. The measurement of $ N is dependent on




Tithology and neutron logs are commonlyAca]ibrated in limestone, sandstone and

dolomite units. ‘ o
. These three equations are often expanded to deécribe several matrix )
components, each having a differeﬁt response on the various logs (Edmundson
and Raymer, 1979). The paper by Glenn and Hulen (1979) describes this
expansion in the way most suitable to a study of igneous and metamorphic
rocks. The neutron porqsity 1s assumed fo be composed of three parts, the
pore porosity, ¢p, the bound water "porosity”, ¢p, and an error term, ¢g:
due to any number‘of.things inc]Qding ca]ibration.érror. The matrix density
is'assuméd composed of.lighter, non-hydrous minera]s'suéh as quartz and
feldspars which constitute thé bulk of most common igneous and metamorphic
rocks, heavier,'non—hydrous minerals, uéua]]y metallic hinera]s, and heavier
hydrou$ minerals, usually the mafic minerals, the micas, the amphiboles and
ch]orite. C]ays, if present may be considered as.either heavy or light
hydrous minerals and‘are,difficﬁlt to handle. ATHe bound water in hydrous
minerals is used to obtain a value for b e The contribution of the various
matrix minerals to the velocity equation is more complex. The incréased-a
densify of the mafic hinera]é may produce higherivelocities but if pregent in
significant amounts and if most]y'platey minerals such as chlorite and the
micas, the velocity may be reduced (Glenn and Hulen, 1979b).
Ih any case the previous equations can be rewritten as
b= byt byt o - | - (6-8)
where ¢é may'be:assumed to be zero;:a éonstanf or unknown and ignored{
Py, = _ps(i- dp-X) + Pg f I .,(6-9‘) |

where pg is the density of the non-hydrous minerals and P and X are



the dénsity and volume fraction, respectively, of the hydroﬁs mafic minerals.
oAt = AL(1-X) 4 AtpX 4 Be - (6-10)
where Atg and Atp are the travel times of the non-hydrous and hydrous
mineral components in the matrix. The assumption that these components do not

appreciably affect B is somewhat tenuous.

To illustrate the cross plot technique we will use a model presented by
Glenn and Hulen (1979b) and we will use the neutron density cross plot as an

illustration.

Many of the hydrous mafic minerals in igneous and metamorphic rocks are
denser than quartz and feldspar, which are commonly the predominant mineral
constituent of the rock. Hence, these minerals should contribute to the
response of both the neutron porosity and bulk density tools.

To illustrate, we will use two.rock compositions shown in Table 6.4.

TABLE 6.4

MINERAL A ROCK 1 ROCK 2 .
Density(gm/cc) Vol. %Hp0 Density(gm/cc) Vol. %Hzo

Non-Hydrous Silicates ©2.60 0. 2.60 0.

Hydrous Mafic Minerals 3.15 8.0 2.80 : 30.
Water (Porosity) 1.00 .100. ~1.00 100.

TABLE 6-4: Two arbitrary, genera]1zed 1gneous/metamorph1c
rock compositions.




Thé grids shown in Figure 6.7, 6.8, and 6.9 were constructed using these
compositions and the log respanse equations. The gfid lines with negative
slopes are the usual porosity trends and each line represents a constant grain
density and bound water content. The grid lines with a positive s]bpe
represent expected trends produced by varying hydrous mineral content at a
constant po;osity. If both porosity and hydrous mineral variations occur
simu]tanequs]y, the data may plot in a very scattered faéhion, a not uncommon
experience. \Figures 6.7 and 6.8 illustrate the effect of changing both the
density and bound water content of the hydrous maf{c minefa]s. Figure 6.9 is
an expanded version of Figure 6.7 'and depicts the typical density and neutron
porosity ranges that occur in igneous and metamorphic rocks. Figure 6.9
illustrates the determination of frue porosity, true grain density and per
cent hydrous mineral for some arbitrary data point P. Note that one doés not
extrapolate to zero porosity and the bulk density axis at zZero neutron ‘
porosity to obtain the gréin density, but to the zéro mafic minerals ]iﬁe.

The plots shown in Figures 6.7, 6.8 and 6.9 ignore any calibration
effects or non-linear effects known to exist at low porosities. Most logs are
recorded using limestone or sandstone calibrations. - No calibrations exist for
any of the variety of igneous and'hetamorphic rocks encountered in C/T-2 but
the authors' experience suggdests that most of these rocks would exhibit data
trends that would fall bétween the limestone and sandstone calibration lines.
Matrix effects are often present in the heutron response and, for example,
sandstone porosity'usjng a limestone calibration, begins at -1.5% porosity for
Schlumberger's combensated'neutfon log. Non-linear effects are also eviﬂent,

particularly at low porosities. Glenn and Hulen (1979b) showed empirically



- FIGURE 6.7 Density versus Neutron Porosity Cross Plot Grid for “Rock 1" Composition in table 6.4

301 o .L\,&::. % vwafics E‘(\%d’f 60/%2)
. ) Ps = 2.60 gm/cc

Pm=3.15 gm/cc
Vol % Hy0= 8%

Bulk Density,

2,24

2,01 . ' ' ’ : .
; 3

Y =Y - 1
30 35 40 45
ZR3

18—y + , —
5 10 15 . 20 25
% Total Equivalent Porosity, ¢4

-~



FIGURE 6.8 Density versus Neutron Porosity Cross Plot Grid for “Rock 2" Composition In Table 6.4
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5 .
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Expanded Scale Version of figure 6.7 (Includes a Demonstrated Use of Grid) _
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" that matrix porosity for the Schlumberger CNL tool in Rooséve]t Hot Springs
rocks is minus one to two ber cent. Edmdndson and Raymer (1979) have
calculated -1.0 to -2.0% porosity for feldspars and the Schlumberger neutron
tools and a limestone calibration. The DA neutron tools' zefos'6ay.be -2 to
-4 per cent (Dresser Atlas, 1979). Therefore,.the‘porosity zero for C/T-2
rocks should be at least -1 to -2 per cent using a limestone calibration and
approximately zero using a_sandstone ca]ibratiqn. A limestone ca]ibfation
curve was used to“convert the ﬁA néuiron log data to pbrosity data. The
densities of many heavy minerals may be underestimated 0.01 to 0.03 gn/cc by a
density tool. A few minerals have errors outside this range or.possib1y an
over estimate of density. These errors are npt examined here.

Data analyses, primarily cross plots, have been made for selected open
hole intervals. The intervals have been selected as representative of
different log response characteristics. Only tﬁo rock types -occur in the open
hole intervé] of C/T-2 and it is not possible to study all the Tithologies

intersected by the drill hole.

2. Neutron-Density Cross Plots.. The neutron 1og was shifted downhole

by 6.7m (22 ft) and the density log by 3.7m (12 ft) to correct for the depth
offset problem noted earlier. Three depth intervals are cross plotted in
Figures 6.10, 6.11 and 6.12 and the intervals include fhe ones where chip
samples were analyzed in detail. The values used'to compute the grid in each
case are included 1n the figures. The density andlneutronvporosity of water
are assumed to be 1 gm/cc and.IOO% and thé apparent néutron porosity of the

1

non-hydrous minerals is assumedvto be -2.0%.
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A1l three plots, particularly Figure 6.11, demonstrate the neutron and
density measurecment dependence on the mafic mineral content of the rock. The
parameters used to.construct the yrids appear to be reasonable choices both in
terms of the grids' fit the data and to the known composition of the(rock.

The data in Figure 6.10 follow a trend which e*hibits a strong density
variation and a very small neutron response. This trend arises in part,
because the data interval crosses the quartz monzonite and granodiorite
contact. The intervals plotted in Figure 6.11 and 6.12 are entirely within
the granodiorite. The ]og‘interpretations‘verify‘the analyses shown in Table
2.1 and the differentiation of two distinct rock units. The granodiorite
contaihs 5 to 10 percent more mafic minerals than the quartz monzonite. The
data in Table 2.1 suggest a slightly higher mafic mineral content than does
the 1ogldata. We have stated earlier Ehat the‘chips may have been depleted in
quartz and feldspar minerals due to the very fine gréined state of the chip

samp]és. The log data tend to support this conclusion.

3. Neutron-Velocity Cross Plots. The velocity log was not shifted in

depth since we were not positive where true depth on this log occurred. Also,
the absence of a transmitter-receiver separation precluded the construction of
the commonly used neutron and velocity cross plots. Three plots, for the same
intervals discussed above, are shown in Figures 6.13, 6.14, and 6.15. No
clear trends are evident in the data, although both porosity and grain density
affects can explain the scatter in the points. The main difference:is the
apparent average travel .times observed between tHe quartz monéonite and the
granodiorite, 260 microseconds for thé fofmer and 250 microsecqnds for the

latter rock type.
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4. Density-Velocity Cross Plots. The lack of transmittef and receiver .

separation again prec]ddes construction of standard cross plotsf However, the
'.DA bulk density data are blotted vefsus.the Schl. travel time &atavfor-the
same three intervals used above. The plots are show in'figures 6.16, 6.17 and
6.18. Greatef correlation exists between the érave] time and the density than
observed between the‘neutron and tréve] time data. The common rock prbperty
affectjng both logs is probably density and density is principally related to
the mafic mineral contént. ‘The.density and velocity (reciprocal of frave1_ '
time) aré both higher in the granodiorite than in the quartz monzonite.

5. MN, AK and Z Plots. MN and Z plots are special data cross plots

advocated by Schlumberger (1972, 1974) and the former is a registered
trademark of that company. Dresser Atlas (1979) proposes the use of the MN.
plot and the AK plot which has similar properties to the MN plot. _

The MN and AK plots are constructed from the neutron, density and

. velocity log data as follows:

L~ xo.01: (6-11). .- .
o Pp TPe
A
N= _ﬂf_:~J1 (6-12)
P = Pr
and 5 o,
b~ Pf . . ' co
A= T 4 B,
Mte - Bt |
K= 0.01 X —— (6-14)
N ON

These eqﬁations are developed from the basic log response equations

P SV G SV PR
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whereby primary porosity has been e]fminated. ‘Hence these quantities afe
viewed to be primari]yllitholoéy dependent. Particular rock types have : ,
characterfstic pairs of MN and AK values. MWe did not plot either the MN or AK }
plot since they require interval travel time data.
The Z-plot is simply a presentation which‘incorpo;ates a third set of log
data into a standard cross plot. The third set of log data is plotted as a
scaled value at the cqrresponding plot point of tﬁe other two log values. A
conmon log plotted as the Z variable is the gamna-ray log.' | |
The Z-plots, using the DA'gaﬁmé—ray-log'for Z and the neutron and density . ?
~cross plot, for the intervals discussed above, are shown in Figures 6.19, 6.20 :
and 6.21. Only tﬁe inferval 1753 td 1813m (5751 to 5949 ft) exhibits any
particular pattern. Highest neutron porosities correlate with gamma-ray
counts between 100 and 120 APl units and represented by a 4 in Figure 6.19.
These data probably indicate the presence of clay minerals which contain both
-potassium and bound water. é]ay minerals also have a range jn densities

consistent with the wide distribution of points indicated in Figure 6.19.

6. Gamma-ray Cross P]ofs. The DA damma-ray data have been plotted
versus both density and neutron data for all three intervals and the plots are
shown in Figures 6.22, 6.23 and 6.24.

In the 1752.9-1813.2m (5751-5949 ft) 1ntervé] the gamma-ray and bulk
density data appear tb'be better correlated than. the neutron aﬁd gamma-ray
data (Figures 6.22a aﬁd 6.22b). The only neutron and gamma-ray correlation is
the one at higher neutron porosities previous]y noted 6n'the Z-plot (Figure
6.19). Remember that th1s interval crosses the quartz monzonlte and

granodiorite contact. The h]gher gamma-ray and lower density values reflect
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the greater amount of potassium feldspar and lower amount of heavier mafics in
the quartz monzonite.

In the 1924.2-1957.7m (6313-6423 ft) interval the gamma-ray data are
highly correlated to both bulk density and neutron porosity data. Increasing
gamma-ray counts (API units) correspond to 1owér neutron porosity and lower
bulk density. This result is consistent with the conclusions made for the
1752.9—1813.2& (5751-5949 ft) interval. The potassium variation (gamma-ray
log) is due primarily to botassium feldspar variations. Potassium feldspar
has a density between 2.55 énd 2.62 gn/cc and is noﬁ—hydrous.” The higher
neutron porosity, higher density and lower gamma-ray reflect the decreasing
Kffeldspar content and increasing ainounts of hydrous, lower potassium
minerals, the mafic minerals.

The third interval, 2012.0-2072.3m (6601-6799 ft), exhibits similar,
although less compact, trends to the above interval. The relationships are

those already described.

/. Log Data-Chemical Data Cross Plots. Various cross plots were
constructed between density, neutron and gamma-ray logs and Kp0, Fep03> g0,
Li and'Loss.data whgre Loss>is assumed to be water lost during fusion of the
sample. The most interesting plots are presented here; The same three
intervals studied above are used except only those portions of the intervals
that have chemical data are plotted. The log data were averaged on 3.1m (10
ft) intervals to correspond to the chip sample Tength used for the chemical
analyses.

The three interval plots of K,0 versus gamma-ray data are shown in '

Figures 6.25, 6.26 and 6.27. With few exceptions, mostly in the deepest

\u
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interval, the gamma-ray and K, data correlate quite well. This correlation
has been used'for lithologic identification in mineralized igneous rocks using
well logs (Glenn and ﬁe]son, 1977). We will show'1ater that in three short
intervals, believed to be fracture or fault intercepts, the-gammafray response
is partly due to uranium and thorium and/or théir daughters.

The bulk density log data were pfotted versus Fep03 and Mg0 data and good
correlation was evident between the log data and both substances. Therefore
plots were_made-between the Togs and a sum of Fep0 and Mg0. Th?SE plots are
shown in Figures 6.28, 6.29 and 6.30. Both Fe203 and Mg0 are largely in the
mafic minerals. Some iron, although reported as Fe,03>» is in magnetite as
Fe304.' In either case, the correlation between density and Fe203 and Mg0 is
expected.

Lithium‘was also -plotted versus the gamma-ray data and exhibifs é good
correlation which suggests the Tithium is in the potassium feldspar. It can
also occur in the mica lepidolite.

Neutron porosity dafa were plotted versus the Losslobserved in the
chemical analyses (Figures 6.31, and 6.32). The Loss is a55umed to be largely
water,“both‘pore and bound. Since the ana]yseé were done on chips, the water
loss is primarily bound water. Although the correlation is not particularly
good, the level of loss indicates enough bound water is‘present to explain
most of the neutron response.

Two plots of chemical data are shown in Plates III and IV at 12m/cm (100
ft/in). Thesg.p]ots enable one to maké-a direﬁt comparison ofvthe:chémical
data to the log data in Plate II. Only data that have demonstrated some’

correlation have been included in the plots.
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The chemical data clearly mafk the rock contact at 1917.2m (6290 ft) and
the several interpreted fracture or fault intercepts at 1453.9m (4770 ft),
- 1767.8m (5800 ft) and 1920.2m (6300 ft). Uranium and thorium and/or their
daughters, in additioh to potassium, are concentrated in these intervals.
These elements may be mostly in alteration minéra]s, primarily clay minerals.

D. Summary of Log Interpretations.

Various standard well log data interpretation cross plots were
constructed from the LASL C/T-2 neutron, density, acoustic‘and gamma-ray well
logs. Cross plots of log data versus selected chemical data were p]otfed.

Neutron and density log cross plots were interpreted in terms of both
porosity and dense, hydrous mineral variations. In typical, low porosity
igneous and metamorphic rocks, these two Togs' response is principally due to
mineralogic variations in the rocks. The logs obtained in C/T-2 further
illustrate this characteristic. |

The two rock types, quartz monzonite and granodiorite, occurring in the
open hole interval of C/T-2 exhibit distinct responses on several logs. The
quartz monzonite has a.higher gamma-ray,.]owér density, lower néutron porosity
and a'iower velocity than the granodiorite. The rock contact at 1917.2m
(6290 ft) is clearly defined by each log. VAverage and range of log values for

each rock type are listed in Table 6,5 .



-

TABLE 6.5: Average and range of Tog values for the two
"rock types in the open hole interval of C/T-2. The
data are for the Dresser Atlas logs.

Neutron Porosity Bulk Density = Gammna-Ray
| % _ gm/cc API
1
Quartz J .5 (0-1) 2.62 90 (70-100)
Monzonite | (2.64-2.73)
i
Granodiorite ‘ 1.5 (1-3) - 2.68 50 (30-70)
‘ [ _ (2.64-2.73)
The resistivity and SR;]bgs; in addition to the above logs mark three

possible fracture or fau]tfintercepts in the open hole interval centered at

1453.9m (4770 ft), 1767.8mj(5800 ft) and 1920.2m (6300 ft). The first two are
|
[

clearly identified by analyses of chip samples.

The resistivity log indicates the rocks have a resistivity of 100 ohm-m

or greater. The log was o@tained with a decentralized induction tool and the

|

data are probably 1naccuraﬁe. Induction logs in other Roosevelt holes
\

exhibited similar limitations (Glenn and Hulen, 1979). In these holes
}
resistivity log saturation occurred at 1500 to 2000 ohm-m.

Acoustic velocities for the two rock types were not computed since no
1
!
' . b s
transmitter receiver separdtion was recorded on the log. However, for the

separation used the quartz|monzonite generated a 10 wnsecond faster travel

time than did the granodiorite.
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