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e 'Yf?;z”;f ' ABSTRACT - ;:

/‘.. P

‘ Rock samples gather!d from the Bethlehem. Lornex righmont and Vailey

ir,’

'-;Copper porphyry copper deposits of the Highlgpd Valley,lB.y; were subjected
b to petrognaph?% examination, crushiig. low temperature and high temperature :

""tests in order to determine Sbmposition, temperature~of entrapment, depth

of emplacement and hydhoStatic pressure of the fluids at the time of thbir
Aentrapment 7:-' L K ;_ T AP i\\
_ | SaTinities of fluids in most of the inclusions from eadh depqsit were
t- :lfound to range Between 28 and 28 wt % NaCl eduivalent, with the majority

. ‘:of the inclusdons being slightly undersaturated N f‘*f" ‘-' o i]
Hydrostatic pressure at’ the time of emplacement/of one’ fluid inclusion
_;containing liquid C02 from the Lornex depq;it was determined as 457 z 62

L]

bars. corresponding to a: maximum depth of emplacement of 3 to d km

BOiling of the hyd thernul fluids apparently occurred. but ‘was not
&, 0

i"widespread It. is postulated thiﬁ release of pressure accompanying exphp-.

sive brecc1ation, particularly in the Hdghmont and Bethlehem deposits, G
:'permitted intermittent boi]ing in fractures connecting to. the oceantfloors,a.
. Homogenization temperatures of primary fluid inclusions from each of U
'the depoSits were generally found to be significantly lower than anticipated

with no homogenization temperatures<exceeding 300°C, even though oxygen iso- ;

" tope studies preViously undertaken on the Valley Copper depOSit (Jones . 1975)

had .indicated temperatures of mineralization and alteration ranging between "
| about 260" and 500°C. o T |

Scattered incluSioris contaimng appreciable carbon dioxide wersob-
'served. leading the, writer to postulate the existence of two immiscible f {
! fluids at the *e of entrapment Une fluid was rich. and tiie‘-'other poor in

COZ. . . R . \ T’

iv




’Hg?%‘ | ‘K,iiia./iig‘ and Ca wer:ana'lyzed from a sample okma's;i\ﬁ quartz from
_;,tne Vailey Copper deposit. The K/Na atomic ratio of 0.5 obtained varied'
“ "fsubstantial’Fy ‘from the anticipate/d ratio, indicai:ing that the fiuid; werq,
o not in equilibrium with the, co-existing granitic melt, either as a result‘
| of. contamination due to the préﬂence of potassium-bearing minerals in the

3 Vi

sample or from externa] squrces. e T, ]
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Chapter T
INTRODUCT [ON

A.__AIMS OF THE THESIS

. | : o
The principal-‘objective of this thesis was to undertake a detailed

‘ ") o
study of fluid fnc1usi3hs present in rocks from four porphyry copper

déposits in the Highland Valley of southern British Co]umbia - specifi-
ca]]y, the Bethlehem Copper, Valley Copper, Lornex and Higrmont dep0°1ts -
with a v1ew to determ1n1ng the composition of the m1nera]121ng f]u1ds,

and the depositional env1ronment F@gure 1 shows ‘the locations of the

.

- subJecr dep051ts

L . N

-
I

o

~_/  B. BACKGROUND®™O THE THESIS . -
IR TEEN . .

Sémp]es examined during f%is study are from two sources. Wh¥lstiﬁ\

~

- numerous specimens were kindly supp]ied to the author by Dr. th 'Olade Yo
of the University of Ibadan, tnen at the University of 8r1tlsh Co]umb1a

the majority of the- samp]es were collected by the author and Drs, R D.: -
Morton and D.G.W. Sm1th dur1ng a r1e]d trip to the area undertaken 1n - ..
the fall of 1973. Unavoidable sampllng prob]ems, combined w1th the

e s . 4 .
minute size of the fluid 1nc1us1ons, resulted in very 1qttlg information -

'being ascertainable about the fluids at the Bgthlében deposits,

Previous examfnations of fluid inclusions from the-Highland Valley
depos1ts have been carried out by M. B Jones', J.T. Nash and. R. Schmuck ~—

Jones (1974) has undertakc xtensive 1nvest1gat1ons of the Valley Copper
- deposit, including $fuid inclusion and stable 4sotope studies, wbi]st ‘

Nash éxamined]a suite of”rocRs from the four major porphyry deposits of

~
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thehhiéhTand,Val}ey?(Nash 1976) The author knows of Schmuck on]y on

the basis of mention of h1s results 1n Osatenko and Jones (1976)
7 - _ e . R g

x
€. “METHODOLOGY

'rﬁ order tobaccompIish the primary aim of the thesis, it was first'

necessary to install and callbrate the CHAIXMECA (model VT 2120) -combined

heatlng freezing stage wh1ch was obtained 1n 1973 by the Geology Dept

of. the University of Alberta. This 1nstrument which is designed for

the study of fluid 1nc1u51ons, is now in use at numerous research centres

and is considered to be the best.equ1pment for this' purpose presently
wcommerciaﬂy avaiiable ‘The author has, however, -found 1t 1nadequate 1n

some aspects and has made recommendat1ons for its 1mprovement 7n these

h'.
areas. '
Y

Calibration was accomplished“usdng‘a variety of\u]trapure organfc
~liquid and inoréanic solid chemica] standards that~were specifically ,
. selected for the1r we]l defined free21ng temperatures

Subsequent to. comp]et1on of the calibration, detailed examination

of selected hand specimens was undertaken Th1s was followed by prepara-
*  tion of doub]y -polished thick sections from su1tab1e samples.

Tiny ch1ps-from each specimen were crushed in suitable fluid media
while be1ng observed under the m1croscope to determ1ne the presence or
absence of “high pressure carbon dioxide or other gases 1n the inclustions.

Polished sect1ons were studied petrograph1ca1]y before be1ng ‘subjected
to freezing (to determine the concentrat1on of dissolved salts), and heat-

ing (to determine hcmogenization temperatures) of their'contained'fluid
N {

inclusions.



One se]ected sample of quartz from the Val]ey Eopper deposit was

" crushed and ana]yzed for K. Na Ca and Mg 1n an atteﬁht to determine
- \
whether the primary hydrothermal fluids were in equ11ibr1um with the

! ‘
silicate melt oot ‘ - | \\

“ . CTo D
. - N .
. . . .
. N .
! . i
A .
v A



L _Chapter 2

THE INSTRUMENT AND ITS CALIBRATION

THE msmwzm

The CHAIXMECA model Vgizlzo combined heat1ngwfreezfng stage acquired

'by the Geo]ogy Department of the Univers1ty of Alberta\1n 1973 comprises

a read out vo]tmeter, calibrated to register in degreesrCe151us, and a

bronze alloy sample chamber designed to fit on a/m1croscope stage. A

'p]atinum reswstance thermal sensor, mounted in the heattng stage, 1s di-

rectly.connected to the vo]tmeter
Heating of the sample chamber is accomplished by means Of an annu\ar

res1stance heat1ng co11 while, coolinq is effected hy pass1ng a stream of

4

, n1trogen gas through a copper co11 withln a l1qu1d n1trogen bat and on-

" wards through,the freez1ng stage.below‘the sample*chamber.

The digital voltmeterfhas'a résolution of 0. 1°C Tests 8% an anala-

' gous 1nstrument, carried out by Poty et al. (1976), indfcate a vert1ca1 '

\

.'gradient at 380°C of 0.9 to 1.0°C over a d1stance of up to 1 m ‘above the

heating stage Tests of the temperature gradient\githin the optic f1e1d i

of- the‘heat1ng stage, carried out by those authors a\\3SQ?C 1nd1cated

the horizontal variation from the center of the optic field to s mar-

gins to not exceed 0.8°C. ' - L ~

N .
B. CALIBRATION PROCEDURE,

Calibration of, the instrument between_-103‘C'and +6.5°C was effected

using orgahic liquid standards.,_Between 37.7 and 480°C, inorganic stan-

- dards were utilized. Only one standard was found to be suitable for



o calibration,purposes at_temperatures—abeve—4Ge—em—~¥his~was—fhaiiium—Bro-
| mide (M.P. 480°C). Chemical standards used’ during calibration are listed .
“in Table 1, o
Chemical standards used during calibration were sealed within 0 5 nm
(l D.) Lindemann glass X-ray diffraction capillary tubes. The outside l
| diameter of the capillaries being very close to the 0.6 mm average thick-
ness of the polished sample chips, vertical thermal gradients within the
heating freezing stage could be effectively discounted Horizontal grad- -
fents werg minimized by considering only that portion of the capillaries
(and subsequently of the sample chips) covering the optic centre of the A
heating-freezing stage. o | _ |
' Between 37.8 and 315 6°C, the chemical . standards were supplemented by
the use of "Tempilabel" stitkers[ These commercially available, adhesive
backed stickers change coloy at specified temperatures and are claimed by
_ their manufacturer, to have an accuracy. of 1%, }' "qg
AN standards used ‘were heated at a maximum rate of 1.2°C per minute
with- the temperature of melting being taken as the temperature at which
the last solid at the optic axis of theé heating stage melted
_ In order to check the reproducibility of data, several consecutive -
readings were obtained on each standard . Rates of . heating varied between .
i0. 3 and l 2°C per minute with those readings obtained: from the lower heat- ,
ing rates considered to represent the more accurate results Difficulty
was encountered in obtaining closely reproducible data at high tempera-

tures because the deSign of the heating stage makes it difficult to acc- |

urately control heating rates at such temperatpres
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S 77 HEATJNG-FREEZING AGE CALIBRATIO"STRNDARDS

: Ll v
.Mettind;Temb.~ - e ﬂ e f
o, L et Name .  Fomula
: I - 5 4 _— ; IR - 5
-103.5 . . - Cyc1ohexene I T
. <90.6 . Heptane. - Hie
| 4‘;;»;:,-}‘77}”'‘--‘'56.'79 . “'{ Octane . . | _Cg:ia
T 42508 ¢ . xylehe  CaMyy
-11.5 - Ethylene ‘glycol HOCH2¢H20H

N 0 " Doubly . distilled, deminera1ized watFr
. .+ 6.55 _— Cyclohexane . . CgHyp
+37.7- . Stannous Chloride SnCl,

v+ 78,00 Barium Hydroxide | Ba(OH)2-8H20
+144.5 © Tin Tetrafodfde = . = ‘saI,

"~ +169.6 v Ammonium'Nitrate . (NH,)NO,

- +236.0 . :Mercur1c Bromide I - HgBr, -
+271.3°  Bisnuthmetal o gy
#3150 - Arsenic trioxide = As,0,
+324.0 Anhydrous Sodium Acetate NaOOCCH3
+373.0 . Lead Eromidg . PbBry
+480.0 o Tha}]ium quhide T TIBr,

&
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p i . v‘.

L ..4-_-:___'w__C_.,_.iEAST_..SQUAREs;REGRESSIQNq:;rp-_;:.u_., NSO

L

‘ A 1east squares regression best fit curve was generated by computer
- on the basis of". all ca11bration va]ues. It produced a- remarkably close
‘ fit to the data 1nd1cat1ng linear driff in the thermocouple between -100°Cf
and +480°C (see Figure 2) The method used was that described by York .
(1968), with a program written by S L. Kua. '

‘.

D CONCLuSIQNS

1. * Use of “TempiTabels"

IA1though the "Temp11abe1" indicators used in this procedure are “
rated as. having an accuracy of :1%, in practice they were found to be less
reliable than the 1ndependent1y se]ected chemical standards It was ob-
served that (a) 1ndiv1dua1 "Temp11;bels” changed color over a temperature
4range rather than at one specific temperature, and (b) when several "Tempi-
'Iabels" rated at the same temperature were consecut1ve1y used in the heat-
'1ng stage, different co]or-change temperatures were recorded for each
“Hence, future use of these temperature indicators for calibration purposes

-is not recommended

2." Comment on Heatfng Rates

| Literature received from the CHAIXMECA Corp. subsequent to completion
of the calibration suggests that a maximum heating rate of 0.25°C per

minute be employed within 10°C of . the target: temperature This figure

was unknown to the author at the time that 1n1t1a1 ca]ibration was effected.‘
It is believed that a]though the hfoher heating rates used‘may have produced
4a somewhat wider spread of results than could be hoped for using the recom-

mended rate, the values obtained are nonetheless valid.
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. of up to 50°C per minute. : ' - T

unit might be insta]led

T | 13

Yeariy cqﬂibration checks subsequentiy undertaken in- 1975 and 1976

*?using the suggested heating rate. of‘o 25°C per minute produced iesults

ﬁsosoiy correiativepto thﬂse initially obtained

3. Possible Improvements to the Equipment

, During the course of this study. some thought has .been given to poss-
W 'mln‘ |

ibie improvements to the equipment Those that are considered to be of

most use are as foliows' , : ’ DT ')"}\)‘

(a) A digital ratemeter registering:the rate of température change ine
degrees perihiaute. This unit should ideally register rate to two decimal

,iplages and have a wide enough range to aliow for heating or coo]ing rates =

(b) A fine contro1 circuit should be built into the unit in para11e1

viith the variac for use at high temperatures, where contr01 of heating “A
rate is presently difficult at best‘ : ,’- ) o . “55ﬁ*m&
- (c)- Instead of both - (a) and (b). a programmable heating rate controi .

~ ‘ . ,‘Q, . . NI}

(d) -Fhe present sing]e memory bui]t into the unit is inadequate for

fthose cases Where several inclusions with.closely similar Iﬂ~are being

observed simultaneousl& To solve this problem, a ten-stack memory,cou]d

be 1ncluded.

: (e)‘A foot-controiled'cassette unit with microphone mounted"on the

microscope would allow verbal notes to be made during observations without
{

the need to curtail observations in order to transcr1b7 results.

L]

L | , B

v o

L

e ?
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THE smnm ANCE OF FL ID_INCLUSIONS WITH PAREICUMARN . - '
. RESPECT T0 rPomm\nw COPPER ozposhs ‘
. R ; ¥
I . A, _INTRODUGTION - ‘ 5y b

g F1uid§;hclusions are mifute samples of aqueous solutions 6% oth!riq
1iquids which :ere trapped in rocks during or subsequent toAtheir'crys4ﬂﬁ
tallization. In.the cases of many ore bodies, the,flulds within the in- &
clusions are considered to represent relict'ére-forming solutions. - The )
study of f]uid inclusions can therefore lead, '“1§0m9 cases, “to a better 3.
understanding of the composition of the minera]izinq fluids; and the
physical conditions of those f]uids either at thextime~of crystallization

of the host rock. or at the. time of subsequent hydrothermal aéfgkity.

The validity of fluid inclusion studies is predicated upon, ndi- i

tion$: (a) that the fluid {s- compositiona11y representative of the solu-
tion which was present at the time of entrapment. and (b) thatWo- chahges

L S
affected the fiuid subsequent to VtSIentrapment ~ o

Studies by' Roedder (1968, 1972) and others have iﬁﬂ§cated that leak- -
age or addition of material, with the probable exception of hydrogen, to - i‘i;
N fluid inclusions subsequent to their formation is uniikely - particuiarly i&g

in the case of a hard non-cleavable host mineral such as quartz. In addi-

tion, reaction between the entrapped IiQuid and the host mineral is not c .

considered to be 2 serious probJem in quartz. Ypma (1963) emphasizes that
the solubility of S107 1n water at 400°C and 2000 kg/em pressure is no k

' more/than 2 mole pergent. -

!

é,Few experiments have been carried out to prove or disprove the first

conﬂitidn. "Work by Barnes and Luskv(1§72). despite the claims of the
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authors, is not'conclusive (Weisbrod et al., 1976),. although sfﬁqies under-
taken by N?isbrod,‘Poty and Toureﬁ (1976) épparehtiy producedbmore sqbﬁtan-
tive results. . They c]ajm that, particu]ar1y~1n'the case of inclusions %Egﬁ
trapped in quartz, theoretig?I considerations (un;pecificd) leaye them no

doubts as to the validity offiﬁe studies.

B. TYPES OF INCLUSIONS

Fluid inclusions are classificd under three types: (a) primary, (b).
.pseudose;ondary, end (c) secondary. TPrimary inclusions are those thch,
as Roedder (1972) says, were trapped by "crysta1 growth irregu]arities or
f]Uid‘inhbmogeneities during the formation of the enclosiné mineral".
Fseudosecondary inclusions are those that wéré trappéd during the healing
ppf fractures formed“during'crysté]]ization; while secondary inclusicns are
- those that were formed during the hegﬁing of fractures subsequent to crys-
tallization. ‘Hhi1e resq]ts obtained from primary_énd pseddosecondary in-
.c1u519ns aEe generally %dentizal, those obFained from secondary_inclusions
méy be gross]y different, as such fné]us}dns frequently refleqt a different
depositiona] environment from that existing at ;he time of host”crysta111-
zatfon. ]ab]e 2 lists some of the criteria employed in diétinguishing be-

tween %He different classes of inclusions.

C. PRESENCE OF SALTS IN INCLUSIONS

- 3
The presence of salts in fluid inclusions 19wers the freezing temper-
atures of the aqueous solutions. The degree to which. these are lowered by
NaCl has been quantified as shown in Figure 3 and, if the assumption is

made that sodium chloride is the only electrolyte present in the inclu-
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TABLE 2 X

SOME CRIfﬁRIA FOR DIFFERENTIATION BETWEEN PRIMARY AND SECONDARY
INCLUSTONS.

(from Roedder, 1976)

Primary Inclusions

1. Large sizé and/or eq;ant shapé in three dimensions relative to
;>c1051ng grain. _

2. Iso]ated occurrence, away from other inclusions for a d1stance
‘of about 25 times the diameter of the inclusion.

3. Occurrence on a'cqmprbmise growth SUrfacg between two non-
parallel c?ysta]s. (These inclusions have oftén leaked and
may also be secogdary.) : .

4. Negative‘crysta1 shape (seldom valid).

Secondary\Inc1usions

1. Planar arréys of tnclusions outlining healed fractures that come
to the surface of a crystal or are continuous across several
chystals:

2. Very thin and flat inclusions, often in the process of necking

[y
-~

down. -

Pseudosecondary Inclusions

1. Occurrence as planar arrays out]inlng fractures that v1s1b1y

term1nate within crystals.
!

2. Frequently more equant and of negative crystal shape compared to

secondary inclusions within the same sample. .

L4
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-

sions,'then observation of’the me]ting temperaturgk of ice in the inclu--
' sions permits the weight percentage of dissolved sa]ts to be ca1cu]ated
Figure 3a presents an expansion of Figure 3 for the cases where sa]t con-
centration 1s less than 23.3 .weight percent. ,
i The presence of unknown concentrations of salts other than NaCl in
"« the solution can result in some inaccuracies in estimates however, . ‘('N*"
NaCl is usually the predominant (and frequently the only) salt phase pres-
o ent such variations -can often be disregarded
At 25°C a salt -saturated aqueous solution contains 26.4 weight per-
cent NaC] Greater concentrations result in the crystaliization of a salt
. cube.,: In this eventuality, two a]ternative approaches are avai]able to
permit determination of the salt concentration If the inclusions are
regu]ar]y shaped an estimate may be made as to the volume percent of the
daughter crystals and the overa]] weight percent NaCl may then be calculated !
‘fron ‘this, A]ternative]y, the salt concentration may be estimated by s]owly
_ heating the inclusion untii the salt crysta] dissolves ent1re1y and comparing
this temperature to the va]ues on the graph produced by Keev11 (1942) which

!

is presented in Figure 4,

D. Hormemzmou"or INCLUSTONS

The homogenization temperature of a fluid 1nc]u51on 1s that temperature
at which the distinct ]1qu1d and vapor phases within an 1ng1u$1on merge to
‘become a homogeneous fluid. The homogenization temperatures of aqueous ¢ -
soiutions are considered to represent the minimum temperatures of entrapment
of the original fluids. ' | | »

‘These temperatures,are_a function of both internal pressure and of the

salt concentration in the system. 'It.is therefore important that the fluid
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i
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Fig- 4 iComposition of the liquid phase of an NaCl :
.saturated’ aqueous solution.. (from Keevil, 1942) ,',

i
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contain the same concentration of dissolved components at the homogeni- *

: zation temperature as were originally present at the time of entrapment. .
This usually necessitates the dissolution of any daughter salt crystals
that have grown in the inclusion since the time of entrapment, and hence,
very slow rates of heating when approaching the homogenization temperatures.
Frequently it is necessary to calculate a pressure correction which is
added to the homogenization temperature in order to take into’ account the
total ‘pressure on the system. In porphyry. copper dep051ts, ev1dence is
generally present 1ndicat1ng bOiling of the flu1ds at the time of entrapment.
In this event, the pressure OR the system at the time of entrapment of the
fluids - is’ equal to the 'pressure within the fluid inclusions at their homo-

i
~genization temperatures so that no pressure correction is necessary.

e

E. _PREVIOUS HORK O PORPHYRY'DEPOSITS v

Numerous studies have been conducted on fluid 1nclusions in porphyry: .
;; copper deposits The majority of the studies in the western world‘ﬁave
centered upon the porphyry depoSits of the southwestern ‘United States.
Poedder, in his, 1971 paper on fluid inclusions in the Bingham Butte
-and Climax porphyry depOSltS, points out. that primary fluid inclusions
within the core zone at Blngham generally contain high salt concentrations,
sometimes exceeding €0 weight percent. These inclUSions have high degrees
of filling and generally homogenize above 375°C, and often above 600°C.
These assertions are supported by_Nash who, however, states (1976, pers.
‘comm. ) that,during;his work on porphyry deposilts of ‘the Highland Valley, .
he observed very few such high salinity 1nclu51ons He interprets this
to imply. a deeper level of emplacement for the Highland Valley dep051ts

compared with those south of the border.
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“Inhis studies of primary inclusions from deposits peripheralhtojbbv
American porphyry deposits, Roedder (1971) encountered Tow densities,
»with vapor phases often greater than 70 vo]ume percent/and low concentra-
'tions of disso]ved salts. These low density 1nc1usions tend to homogenize.
iaround’300‘C The apparent decrease in temperature and sa]t concentration
' away from the cores of porphyry deposits accords wel] with the hypothesis m‘
of Wh1te, .uff]er and Truesde]] (1971) that bo111ng of the hydrothermaT‘
f]uids at depth in the hot cores of the intrusions may result in a- reflux-
ling action causing concentrat1on of the deep brines. _
. Carbon dioxide in both 11qu1d and vapor phases -has been recorded in e
fluid 1nc1usions from the core regions of numerous porphyry dep051ts |
Nash (1976, pers. comm.).states that he found it to be part1cu1arly common
in samp]es he .examined from the High]and Va11ey The present study has
' determimed that the carbon d1ox1de is usually encountered only in very
‘vsmall often sub m1111metr1c, patches throughout the rock 1nd1cat1ng small
scale var1at1on of COp concentrat1on throughout the hydrothermal fluid at
_the.t1me_of crysta1]1zat1on. The homogen1zat10nvtemperatures of under 250°C
encountered'both:by‘Jones (1974) and by the present author, for primary
j1nc1us1ons from depos1ts in the H1gh1and Val]ey, combined with the low ,
'-solub111ty of COZ in water at, and be]ow, “this temperature confirm the
) presence of two immiscible fluids - one rich and one poor in COg at the

. ~
time of entrapment :

' Roedd;r (1971) has reported the presence‘ot solid phases‘such as
halite, sylvite, hematite,’anhydrite and gypsum in fluid inclusions from-
the core regions of porphyry deposits, but points out that these daughter /
minerals are absent in 1nc1us1ons from peripheral depos1ts Other workers g
| have 1dent1f1ed numerous other daughter crysta]s 1nc]ud1ng calcxte quartz,

magnet1te, Pyrlte and cha]copyr1te The very Tow so]ub1]1t1es of some of

e
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- these products 1mp11es ‘their entrapment perhaps as d1screte gra1ns rather
. than as solutions thch subsequent]y crysta]l1zed ‘
Anhydrite and gypsum have: been reported in fluid 1nc1usions from
numerous porphyry deposits Jambor and McMillan (1976) suggest that the
sulphates are assoc1ated with the potassic alterat1on zones of porphyry
deposits.. At El Salvador, in Chi]e: however  the su]phate zone was found
to overlap several of the hydrotherma1 a]teration zones.
| Jones (1975) found that at Va]]ey Copper, . v1rtua11y all the an-
hydrlte is below: the 3400~ foot 1eve]" Jambor and McMillan (1976) report
. that " the top of the (squhate) zone is a. gently undu]at1ng surface
| be]ow which primary anhydr1te is present"' They be]1evg that the sulphate '
- .zonefs of’ hypogene or1g1n more recent than the late stage s111c1f1cat1on
- of the depos1t and suggest that a genet1c relationship exists between

‘ @
arg1111c alteration and gypsum ve1n1ng Accord1ng to Jambor and McMilIan_

'(]976)
"Jones (1975) has estab11shed from 1sotop1c data that
the percentage of ocean water in the Valley Copper
hydrothermal system reached jts maximum at the time ‘
of gypsum depos1t1on " -
They suggest that L

"The 1ate stage influx of ocean water acce]erated the
temperature decline in the part]y cooled hydrothermal
system which was already rich in calcium and sulphate
derived by leaching of the upper part of the pota551c
zone dur1ng ar91111c alterat1on -

hey cons1der the top of the gypsum zone to represent the upper 11m1t of
£1gn1f1cant hydrotherma‘l actiwty 7
: Margaritz and Taylor (1976) c]aim that 6180 and 6D values are’ norma]"-
in the Gu1chon batholith, 1mply1ng that the rocks are. not appreciab]y
affected by meteoric- hydrotherma] events. No further information on this

1s avai]ab]e at present
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'Wh1fe,<Muferr aﬁawfruesuell<11971)”prebosed>fhe£‘uefbhyfy-eouuemhN
deposits mey‘form in ".;.the zene of boiling brine below vapor-dominaped
systems...". They point out that ". 'condensatéifrom the discharge arees
of vapor -dominated systems 1s high in su1phate -Some and perhaps much of .
“this condensate may dra1n dow:;ard to ‘the deep water tab]e and account for
the abundant anhydrite of many porphyry copper deposits". |

. R1dge (1974) supports the White, Muffier &ndglbuesde]] model by. sug— |
gest1ng that ". the h1gher a f]u1d inclusion 1!!hn -;t ‘content, the more
11kely it is that it was derived from an ore, f]uid‘:hat boiled during some
) part of its Journey toward the‘1and surface or sea f]oor"‘ He suggests

that such b01]1ng would result in the precipitation of the-low so]ubi]1ty -

su]ph1des B : - o



- Chapter 4
GEOLCGY OF THE HIGHLAND VALLEY

A. " INTRODUCTION

The Highland Valley of British Columbia is situated 54 km southwest
of Kamloops between latitudes 50°20'N and 50°30 N and 1ong1tudes 120°58 N
and 121°08!W.  The porphyry deposits compr1sing the High]and Va11ey por-
phyry distFTEt‘areﬂEentained‘y1thvn ‘the Guichon Creek batholith, a con-
centrica]]y zoned, -demi-concordant domal p]uton w1th a surface area of Vo
about 1000 km2 The elliptical outcrop of the batholith is oriegted with
its long axis slightly west of north and intrudes sedimentary and volcanic. .-~
rocks of the Permian Cache Creek Group and the Upper Triassic Nicola Group.
It is dnconformab]y over1a1n by M1ddle Jurass1c to M1dd1e Tert1ary sedi-
ments and vo]canics

. K-Ar geochrono]ogy has 1nd1cated an age of 198 + 8 million years for
'the batho]1th (Northcote, 1969), however, it is a compos1te intrusion as
'1nd1cated by contacts and enclosed xen011ths wh1cﬁ appear to young towards

the centre.! o _
The porphyry mineralization is concentrated within the 65 km2 central

part of the batho11th where aggregate ore reserves are cons1dered to be

v,around ‘two billion tonnes of 0.45% copper equivalent (NcM111an, 1976a).

n the Highland K

A summary of the sizes and grades of the su1phide
Valley is presented in TabTe l
| 4' ~ B._ HISTORY

ProSpecting activity in the~High1and Valley began before the turn of



26

/
7

*sJ4933W by wo cunmu 03 mm>kummx\wgo,vmpm_=upmu

, , _ .:mmoxw,mmsm: A{snotasay

L I 961 “lE *93q mpms_“ CYWET Y] 340
um;oﬁaxm K1@39|dwoour - Ing umouy wgc\mupmoaMV/~m:opu~uum g
.mupmoamv xwmgmw Isej pue »mm;mq mcoN .mﬁummza sapnjaug

S
b

£
z
Ny

9/61 °Sauop pue ojuajesy

) juajearnba iu %28v°0

. 0%06L gt2ddog Aatep
2161 *spue|Ay 3uBLeALNbY N %570 a2 ~ yS®3S unos———
LL- cNmF “y0ogpuey: mmc,L/ ‘ue)  Zsol 910D “ng 020 7 p9e. Xautp
1L-9461 o N L o ’
*}00qpuey Sauly ‘uey pue . e
LLBL Y2 YddeW “4dULW ‘N 2SOW %p10°0 kLo 2Uegg g¥ou407
R IL61 ‘9LIstay) JualeALNba™ny %9570 ovL . upedy
° q9/6L ‘URLLIWOW 2SOy %L10°0 ‘M) 40 0°09¢ Lo
"~ ("Anba :u %290 40 'Suoy W +cm~ mw»mswamo AL .mucupa:v _ .
250N %660°0 03 '3€42°0 0:v2 2 toN
9/61 *40quep pue!pasy  Zioy %2v0°0 ‘nD %/82°0 0™ LLL L "ON ,Juoyby
9/61 ‘Awe|iag pue xm#mwxm JudleALnbs no 219770 - oot (13U (Y328
Q9L6L ‘uel{WON T~ n3 %(2°0 ‘8% - - .| ‘ON uuy
2461 “WelllWOW . ComaEse 0 o\t upmpy
CRITENEREN apeuy Amcoh mo s o*przv auey

B -9z}

[

(S3A43S3y. 4<HFHZHV

>u4J<> Qz<Achx 3HL 40 $S31G08 3¥0 oz nJ

€ 378Vl



" & S ' : | | 27

! L e e

NS - l

the. century.j Dur1ng World War I, about 1 OCO tonnes of high-grade copper
“ore was mined from vein deposits on what are now the-Alwin and Bethlehem -
properties.' Copper showings were, however, known at that time on the sites
of almost all'the presently known“deposits.

{ Modern activity began. 1n 1955 when Beth]ehem COpper Corporation launched
an extens1ve exp]oration program wh1ch culminated in- production in 1962 at
3000 tonnes per day. A period of 1nten51ve explorak1on activity by Be!mlehem
Copper Corp. and numerous other companies resulted in de]fneation of the de-

' posits within the val]ey, and in 1972 the Lornex deposit was33rought into
produCtion by Rio Algom, tow copper and molybdenum prices, comb{nedxwith
unfavorab]e,prOVinciaI government'fiscal and roya]ty-policies led to curtail-
ment of exploration activity, and production plans for the H1ghmont and Valley '

Copper depos1ts were shelved ’

\
C. CGENERAL GEOLOGY - : —

1. s General Statement

Theéfg}chon Creek batho]1th s a concentrically zoned calc- alka11ne

p]uton (Bee F1gure 5) whlch grav1ty stud1es have 1nd1cated to be a flattened

" funnel- shaped body, the feeder of which apparently underlies the H1gh1and

~ Valley at a depth of .8 km and plunges 80° towards the northeast (Ager et

-~

al., 1972). - N A ‘

Structural characterlst1cs of the bathollth are 1argely cons1stent

‘ w1th ‘a proposed orxg1n 1nvolv1ng shallow compressional tecton1c stresses
Vd

i

2. LithoIogjc Descriptions ) .

The phases of the batholith have been subd1v1ded on the bas1s of compo-

L4

sitional and textural criteria as fo]]ows : - ' S
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(a) The Hybrid intrusive phase. This phase,.Which forms the periph-

- eral sector.of the batholith comprises a fine- to meddum-grained mafic

diorite or quartz diorite. it commonly contains xenoliths of the adjacent _

~country rock and, due to contamination,_1oca11y ranges from amphibolitic

to monzonitic in composition.

(b) The Highland Valley intrus1ve phase. This phase, which is sur-

rounded by the Hybrid phase is compr1sed of two subtypes - the Guichon and

Chataway oranod1or1tes

The Guichon variety ranges from quartz diorite to granediorite and

contains about 15% mafic minerals in even]y distributed clusters. " Biotite

and hornb]ende are equa]]y abundant in the Gu1chon variety, wh11e in the
Chataway variety, whlcb contains about 12% evenly distributed maf1c miner-
als, medium-grained poikilitic hornblende crystaIS“predom1nate. The two
subtypes are gradational from one to the other. | |

(c) The Bethlehem intruSiye phase. The granodiorite of this phase

’

- contains 8% mafic minerals. Irregularly d1str1buted, coarse- gra1ned

. po1k1]1t1c hornb]ende crystals set in a matrix containing f1ne- to medium-

&,

grained maf1c minerals characterize the rock. The Bethlehem phase is'sur-

rounded by the olde? Highland Va]]ey.phase and in turn usually grades-into

'the youngest innermost phase - the Bethsa1da Rocks of the gradationé]

zone have been categofﬁzéd as Skeena granodiorite.

' " (d) The Bethsaida intrusive phase. The rocks of this, the youngest

plutonic phase, range in compos&t1on from quartz monzon1te to granodiorite.

They conta1n 6% maf1c minerals - coarse grained, euhedral biotite books and

‘ngnbjende crysta]s; with frequent large quartz phenocrysts.

(e) The Porphyry dyke swarm. A post-Bethlehem phase, porphyritic

dyke swarﬁ cuts the batholith above the postulated 'spout' of the funnel.

N
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These dykes comprise a north south zgne which 1nc1udes the Bcth]ehem South
Seas and Kra1n deposits. Thﬁy are helieved to occupy dilation fractures
caused by release of compressional stresses., Eriskey and Bellamy (1976)
" suggest on the basis of textural and chemical similarities, that many of'

.. the dykes are coeval with rocks of the Bethlehem intrusive’phase.

D. ZONING OF~THE BATHOLITH

The overall zoning of the batholith is from more: bas1c marginal phases
to a more silicic core, with gradatlona] contacts between p]uton1c phases.
Several students of the region, including Ager (1972) Hylands (1972), _
McMii]an (1976a) and Northcote (1969) propose an orlg1n 1nvo]v1ng magmat1ck?'
d1fferent1at1on with injection of progress1ve1y more s111cic magma Hollis-
ter et al. (1975) state that stab]e isotope evidence, in addition to the

temporal ré?atiohsh1ps of sulphide veinlets with the host rocks, indicates

derivation of the .Cu and Mo from a differentiating magma.'

©

E. ORE DEPOSITS

f

1. Lithologic Settings of the Studied Deposits

The porphyry copper- mo]ybdenum deposits of the Highland Val]ey have
been ewp]aced in various host rocks. The Beth]erem porphyry deposits are
s1tuated near the contact between Gu1chon and Bethlehem phase granodiorites.
The abundant igneous breccia which is present in the depos1ts is mainly
localized within the Bethlehem phase, and sulphide mineralization is essen-
t1a1]y restricted to the breccia and to the associated north- -trending dyke

swarm., | : .
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et The Lornex end»Htghmont deposits ere‘situated>jh Skeeha qoartz dior-
ite. Highmont, 1ike the Bethlehem deposits, 1s associated with abundant
'igneoos breccia. Severa] of the Highmont depos1ts are cut by a west north-
westerly- trending composite dyke comprising a porphyritic quartz eye variety
of the Bethsaida quartz monzonite, a 1eucocrat1c quartz porphyry and asso-
ciated brectia This dyke, known as the Gnawed Mountain Porph/ry, extends
to the rorthwest to transect the Lornex ore body
- The Valley Copper ore body is 1oca11zed entirely within the Bethsaida

granod1or1te and, un11ke the other deposits of this study, does not contain

significant awounts of breccia or dykes.

2. 'Structural Setting,of the Deposits

b ’

The Gu1chon Creek batholith is=flanked to the east and west by long ‘
narrow, norther]y—trend1ng grabensvwhnch are partl;vf111ed~w1th more recent.
" sedimentary and vojtanjc rocks. Wwithin the batholith jtself, twovmajor
faults, the Lorner and Highland Valley faults, truncate each other.
Hollister et al. (1975) suggest that the locus of the intersections of

these faults has determihed the .sites of emplacement of the‘porphyrylde—
posits.  ~ ' o
“According to Ho]]ister's scenario; at a time when the Bethsaida phase

-had partly crystallized, emp]acement of m1neralizetion began at -the inter-
section of the previously developed Lornex and Highland Valley fau]ts{

This intersection, which is poStJlated to overlie the feéder{pipe of the
batholith, shifted over a period of time as a result of continued movement
of tHe two faults and the ore bodies were moved from the1r origiha] posiQ
tioog to those they now occupy. The order of emplacement of the ore bodies
is believed by Hollister to be: Highmont, Bethlehem, Lornex-Valley Copper,

with the successive deposits being emplaced at progressively greater depths

| ‘and temperatures.
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‘Jambor - (1976), however. questions severa] of Hollister's assertgpns.
He c1a1ms that there 1s no evidence that 1n1t1a1 hydrotherma] act1v1ty '
occurred .at Highmont, or that sulphide mineralization followed d1splace- :
ment of the intersection points of the High]and Valley -and Lornex faults.
He points out that age re]at1onsh1ps for m1neralizat1on within'the Lornex
| and Highmont deposits are identical; a]l sulphides being post -Gnawed
Mountain Porphyry in age and some being post -aplite.

Despite these crit1c1sms, much of Hollister's. hypothesis remains
,attractive in providing (a) a reasonab]e exp]anation for the 1ocations
of the depos1ts, and (b) an 1nterpretat1on of the 1rregu1ar,form,of the
batholith. | |

3. Environment “of Ore Deposition ‘and Composition of the Mineralizing
© Fluids . 3 !

(a} Depth. - Suther]and Brown (1976) has.estdmated depths of enplace-
.‘ment of 3.6 km for the Jersey- depos1t 4 km for the H1ghmont deposit, ..
4.5 km for the Lornex deposit, and 4. 75 km for the Va]]ey Copper deposit.
Jones (1975, 1976), in contrast, reported the presence of 11hu1d COz 1n
f]uvd 1nc1us1ons from the Va]]e Copper deposit He suggests that these

inclusions may be of primary origin and, based upon the proportion of

s a pressure of 100 to 300 bars,

1iquid 602 in the 1nc]usions, pro
corresponding to a depth of emp]acement of 1 'to 2 kilometers.

(b) Temperatures of Emplacement. Temperatures of emplacement of

mineralization at the Valley Copper site, based upon sulfur isotope

' stud1es using pyrite- spha]er1te and anhydrite-bornite geothermometers,
are reported by Osatenko and Jones (1976) to be about 400°C They 1nd1-'
cate a temperature range for m1nera11zat1on of between 370 and 500 C with
the higher temperature correspond1ng to the deeper, central part of the

deposit. These proposed temperatures of mineralization are in close
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accordance with temperatUres'for hydrothermal alteration at Valley Copper

proposed by'Jones (1975), on the basis of oxygen 1sotope stud1es using a

quartz-sericite geothermometen/f He 1nf(}s ; temperature range between |

260°C, for early pervasvve ser1c1k1c a]terat1on, and 480°C for potass1c
a]teratwn~ He suggests that most vein ser1cit1c alterat1on, like the
mineralization, occurred at around 400°C x

Studies of fluid 1nc1us1o(; from the Valley Copper deposit, undertaken
by Schmuck (in Jones, 1975) 1nd1cated homogen1zat1on temperatures lower

than 200°C. He belleved that these temperatures were obta1ned from secon-

- dary inclusions which, he suggests, originated during late stage hydro-.

thermal activity. At the Lornex deposit, McM1]1an (1976a) quotes Schmuck

as stat1ng that post- mlneralwzatlon flu1d 1nc]us1ons fall into groups that

homogen1ze at 200°c, 160°C and 120°C

(c) Compos1t1on of- the Mineralizing F1u1ds On the basis of their .

stud1es of the Val]ey Copper deposit toth Olade (1975) and.Osatenko and

Jones (1976) f1nd ev1dence of a prggress1ve decrease in acidity of the

"hydrothermal fluids with t1me. ~Jones, Allen and F1e1d (1972) ‘suggest, bn

the bas1s 'of sulphur 1sotope stud1es, a deep subcrustal source of sulphur
and 11tt1e contam1nat1on by meteoric. water. |
Osatenko and Jones (1976) 1nd1cate that the hydrotherma] f1u1ds ac-

tive dur1ng m1nera]1zat1on of the Valley Copper deposit, comprysed a mix-

‘ture of sea water and magmat1c water Oxygen isotope stud1es lead them

to estlmate that the 1nf1uxed sea water fraction varied between 16 and 44%
durlng the ma1n period of sulphide depos1twon and averaged about 25%.

On the basis of f1u1d inclusion studies, Nash (1976) suggests that

‘most of the primary copper, and important amounts of mo]ybdenum,ﬂwere

depos1ted from fluids of moderate sa11n1ty He states that h1s studies

~
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of fluid inc]usions from the Va]]ey Copper and Beth]ehem deposits 1nd1cate
anoma]ous]y Tow: sa11n1ties for f]u1ds in these deposits, when compared to
porphyry depos1ts of the southwestern Un1ted States He 1nd1cates that .

| gas-rich and ha11te bearing 1nc]usions.hcharacter1st1c of the ‘American
deposits, are far less common in depos1ts of the Gu1chon batholith.

Osatenko and Jones (1976) state that Schmuck determined average salt
concentrations to be about § we1ght percent NaCl eq in the 1nc1us1ons he -
examined from Va]]ey .Copper. Jores descr1bes these 1nc1us1ons as; contain- T
ing 70-80% liquid and 20-307 gas phases However, Osatenko- and Jones (1976)
state that some chloride - presumab]y ha]1te - crystals were jdentified,
1nd1cat1ng the presence of considerab]y h1gher sa]t concentrat1ons.

The present’ study, 1n contrast,. has 1nd1cated sa]t concentrat1ons of
24 to 29 weight percent NaC1 equiva1ent for most of the inclusions 1nd1cat- '}
ing that they range in sa11n1ty from 'slightly undersaturated to s]ight]y
oversaturated B ' | | ‘

Nash (1976) states that ‘he saw no evidence of boiling in 1nc1usions |
from the H1gh]and Va]]ey He admits, hoxever, that this may be due to | i
_]1m1ted sampling. The present study has 1nd1cated that minor bo1l1ng d1d
in fact occur in all four of the studied deposits.,

Nash concluded that the absence of ha11te bear1ng 1nc1usions, and
, apparent Tack of bo1]1ng 1nd1cated a greater depth of emp]acement than was
the case in the American deposits. The-present author,<1n contrast, fol-
lowing the model of wh1te, Truesdell and Muff]er, be]ieves that the salIn-

1t1es he determ1ned augmented by the scattered highly saline’ 1nc1usions,

and the evidence of boil1ng, 1nd1cate a re]atlvely shallow depth df emp1ace- '

ment,

i
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4, Mineralogy and Ore Controls \\? e -
Copper and molybdenum are the'only economically significant metals P

the studied deposits. Very minor lead zinc, Silver and. rhenfiim have also

been detected but they are never found in significant concentrations

Molybdenum has been found to decrease in abundance from north to -

south within the batholith and is present in recoverable concentrations

, only in the Lornéx and Highmont deposits. Highmont with the thhest Mo Cu

ratio of any of the Highland Valley deposits can be con51dered to be eco-

nomically feasible only due to the molybdenum concentration (see Table 3),

g ".ﬂ;as the’ copper grade is markedly lower than that of the three other maJor

deposits ‘ _
At both Highmont and Lornex, it has been observed that the top of the

molybdenite zone lies below that of the copper zone, while its. base extends .

o below that of the copper zone (McMillan, l976a) Hollister et (1975)

i

interpret an earty paragenetic origin for molybdenum but thlS is disputed

. by Jambor (1976)

The sulphide mineralization consists mainly of chalcopyrite, bornite,‘

molybdenite and pyrite. At the Valley Copper deposit and Bethlehem S.

- dJersey deposit concentric sulphide zoning is noted w1th a bornite core

surrounded in turn by a chalcopyrite zone and a weak pyrite halo. At the

Highmont 51te, sulphide zoning 1s present paraltel to the Gnawed Mountain

'Porphyry dyke and like the larger oresbodies, dips away from the dyke
v(Reed and Jambor, 1976). Similar zoning, parallel to the quartz porphyry

’dyke or the structure along which it was emplaced. ts evident-at Lornex

(McMillan,A1976a ‘Waldner e et-al., 1976). |
o
Sulphide and hydrothermal alteration zones are partly correlative

in all four deposits While bornite zones at. Highmont and Bethlehem 3



'Jersey deposit are associated with hydrotherma] b10t1te, the bornite at
Valley Copper and Lornex is present 1n phyllic and argillic alteration
zones. Chalcopyrite is generally associated with arg1111c zones in all
depo;itsfwh11e pyrite is usually found in zones of propylitic alteration.
In all four deposits, frzf}ure density has been determined to be the
major ore control ~ While minor copper and molybdenum m1neralization 1s
.found dissem1nated throughout the deposits, by far the maJor1ty of the
.‘sulph1de mineralization 1s conéentrated with1n quartz ve1ns f1111ng frac-'
tures and fau]t zones. Stud1es at H1ghmont and Va]]ey Copper lndicate
vthat the vast maJor1ty of the fractures are para]]e] e1ther to the Lornex -
fault, or to the H1gh]and Valley fault. Hol]xster et al. (1975) suggest
that cont1nued rovement of these fau]ts produced dilation zones with1n
the bathoT1th that were subsequent]y impregnated by the metal- bear1ng .
hydrothermat f1u1ds

F.. HYDROTHERFML ALTERATION .

The following synopsis is in»large part taken from McMillan (1976),

and. the reader is referred both to that article and to the numerous other
studies on the High]and‘Valley for a more rigorous discussion of the sub-

‘i;f

Ject.

1. . Potassic Alteration
 Potassic alteration, characterized“by thevpresence of secondary - wﬁg

hydrotherma] biotite and K- fe]dspar, is var1ab1y developed in the Highland

‘Valley porphyry deposits. At the H1ghmont and Jersey deposits, potassic %ﬁ;;if
a1terétion<1s at best very weakly deve]pped, and is represented by ex- R

. tremely weak pervasiJe biotitization (Reed and Jambor, 1976):;:ThelLornex

al

R
N R
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‘\\% o  TABLE 4
| )LTERATION PATTERNS IN HIGHLAND VALLEY PORPHYRY DEPOSITS

e
e

| Valley Copper Lornex Highmont ' Bethlehem

"+ Quartz stockwork .S M-S - S
Potassic-k-feldspar CMs W -,
'Biotité - - W M
Pyllic s s W .
Argillic f S M WM e
Propyiitic' - W W Moo M -
Tourmaline o i . _ . =W L M

-

(adapted from McMillan, 1976a)

S: strong

M: ‘moderate
W: weak ,
" VW:very weak
<: negligible

37
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deposit disp]ays weakly developed K-feldépathization. whilst the Valley
Copper deposit-contains moderately deve1oped ‘fracture-controlled K-
feldspar alterat1on in the deep core of the -deposit, Hydrotherma] biotite .A

is deve1oped 1n a scattered manner at the Lornex and Va]]ey Copper deposits.

2. . Phy]11c Alteration

+ -Phyllic a]terat1on in the porphyry depos1ts of the H1gh1and Va]]ey '

. is of two types, characterized by: (a) “fracture assoc1ated zones or, vein

envelopes of quartz and f]aky ser1c1t1te" (Mch]]an,,1976a), or by (b)

‘ perva51ve ser1c1te kaolinite a]teratlon of the host rock (Osatenko and

tand those zones conta1n1ng ‘more than 0 2% copper equivalent Thicknesses

|
Jones, 1976)

At’ Va]]ey Copper the vein sericitic a1terat1on 1s we11 deve]oped and

i

' const1tutes a major ore control in that bornlte is restr1cted to th1s zone //////’

In th1s deposit, vein sericitic a]terat1on is often found associated w1th
quartz ve1ns cutt1ng potass1ca11y altered host rock. Phyllic a1teration,

wh11e important, 1s weaker at Lornex. At Highmont, although phy]]fc al-

- teration is weak]y developed a fairly good correlation exists between 1f

¥

of ser1c1t1c envelopes border1ng quartz veins have not been found to be '

re]ated to the widths of the veins. - _ | A ' | s

3. Argillic ATferation - . - R

Arglll1c alteration, character1zed.by alterat1on of fe]dspars and

the Jersey Mine, argi]lﬁC‘alteration is significant

isopleth. Intensities of argillic alteration range from weak to strong in



the porphyry deposits, a1thoughh1t has been observed that hlgher copper

~grades are usually assoc1ated with stronger intensities of argillization.

4. Propylitic Alteration

| Propy11t1c alteration is present to varying degrees in al of the
H1gh1and Valley porphyry deposits and often grades into argi]]ic a1tera-
tion. Epidote“1s the characteristic m1nera1 of th1s type of a]teration,

in add1t1o to chlorite, sericite, carbonates and clays. The epidote is

present not onT in the matrix, as an a]terat1on product of the mafic

minerals, tut also\in hair]ine to centimetric veinlets cutting the intry-

- sives,

5. Silicification

/

Quartz stockworks and pervas1ve silicification are 1rportant at the
Valley Copper and Lornex ore bodies where vein sericit1c a]teration is !
absent. The quartz, which is present as fracture f111ings and overgrowths
on primary crystals, is a]so'observed to replace the country rock.

At both Va]ley Copper and Lornex, the stockworks form e]]1pt1cal dome-
like bod1es wh1ch p]unge towards ‘the northwest (McM111an, 1976a). At
Valley Copper (Osatenko and Jones, 1976), it has been observed that the
:'10% secondary quartz contour out11n the deposftj’and areas with 20.5%

Cu have 10-20% secondary guartz. 4t is believed that the secondary quartz
;1n the stockworks or1g1nated within the host Bethsa1da and Skeena intru-

sives. At H1ghmont Eergey et al. (1971) have described four generatTOns
of quartz fracture fillings. These were defined on the bases of cross-

vcutting re]at1onsh1ps and of mineral assemblages. They found copper min-
eralization in the two ear11est stages of quartz ve1n1ng, w1th mo]ybdenum
~in the first three stages The fourth stage comprised barren grey quartz

and is post-mineralization in age.
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6..1 Tourmaiinizatfon‘ o f . ; /

Tourma11ne is encountered within breccias from the H1ghmont Bethle-
hem‘and South Seas deposits It is commonly: associated with quartz, spec—
u]arite, calcfte, epidote, copper sulphides and occasiona]]y with actino-~
lite (McMillan,; 1976a), and is partlcularly common in the comminuted matrix -
of the breccia. At both Bethlehem and H1ghmont, the breccias carry copper
sulphides, both in fragnents and in the matr1x, 1mp1y1ng that some brecci-
at1on and tourmalinjzation occurred subsequent to the 1n1t1at1on of sulph-

ide deposftion (Reed and Jambor, 1976).
i ! : 700

7. Su]phatization _— o

Gypsum and anhydrute as veins, fracture f11]1ngs and mlcroscoplc
gra1ns, are, well deve]oped at Valley Copper and Lornex, but rare and
Sporad1c at H]ghmont In both depos1ts they .are most abundant in the ‘
.potass1c zone of alteration - a]though they have also been reported 1n
.moderately argillized- rocks and in quartz- su]ph1de veins at Valley Copper
(Jones, 1975). At both Lornex and‘Valley Copper, a topographically de- |

‘ fined "gypsum line" can be drawn at the h1ghest leyel of su]phate miner-
a11zation This is- thought to represent the horizon-at which s1gn1ffcant
. hydrothermal activity ceased)}dambor and McMillan, 1976).

t
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Chapter 5

SELECTION, PntbARATron AND CRUSHING OF SAMPLES

A. SELECTION

Rock samples used in this thesis are from two squrces. -While the

b ra*orlty were co]1ected by the author and Drs. R.D. rorton and D.G.W.

cm1th during a field trip to the H1gh1and Valley in October 1973, a. large-

number of samples were k1nd1y prov1ded to the writer by Dr. M. A. ‘Olade,

_'then at the Un1vers1ty of British Co]umbia

®
Samp1es were col]ected by the author from each of the four deposits

and from as wide a variety of hydrotherma1 a1teration zones as was feas-

1b1e. An .effort was made to collect representat1ve sarples rather than

vuggy, well formed vein materials. Hh1lst the 1atter often conta1n the

,‘1argest best preserved 1nc]u51ons, it has been found that 1nc1usions lh
| this mater1a1 are frequent]y of very late stage origin and may not in any

‘way represent the most. econom1ca11y 1mportant phases of m1nera11zat1on

" and alteration (Nash,.1976). : ' ‘%\\*'{ ST ﬂ . B
"“ At the tornex -deposit, samples were col]ected both around the

pit, while at Hiohmont hand spec1mens and numerous drill core samples were
cbtaimed representing a broad variety of ]1tho]og1c phases ‘At the Va]]ey
Copper deposit samples were available on]y from the bulk sample piles out-
side the sealed off explorat1on adit, while at the Bethlehem deposits, -
samples were chosen from & selection kind]y collected by the mine staff
for this purpose. - ,
| Hand specimens were carefully examined'at the University of‘A]berta»,'
and descr1bed with particular attent1on be1ng paid to determ1natlon of

the type of hydrothennal alteration dlsplayed by each sample. Hand specimen
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descriptions.are.presented in ‘tabular form in Appendix A. ! -

o

B. PREPARATION OF THICK POLISHED?CHIPS (\

)

LN

i

Doub]y po1ished chips. a, maximum of 2 cm square and averaging 0.6 mm
in thickness, were prepared from _samples that were judged !uitable for f1uid

1nc1usion study on the basis of examinat1on with a binocular m1croscope

Suitable areas of the samples were outlined with a fine felt pen in order to

’ N . ’ N

gu1de subsequent procedures . ! - -
Sample cths were cyt, and. pollshed on bot# s1des us1ng succe551ve1y finer

. §\ grinding powders and pastes rang1ng frdh 400 grrt s111con carbide powder to 1
micron dlamond paste, following the procedure djscrwbed in Appendix B. '
o j . N

: : |
- C.. USE OF A _CRUSEING STAGE 10 -DETERMI NE TJE PRESENCE OR

ABSENCE OF HIGH PRESSURE GNS

) Minute grains of quartz and calfqzeﬂ:rom earh of the hand spec1mens
were crushed in a crush1ng stage while being exey1ned through the petro-
'graph1c microscope. The method used ‘was that de$cr1bed by Roedder (1970).
Cependlng upon the crush1ng medium employed, the,presence or absence of-

'
var1ous gases may be detected 1n quantities as sma]l as 10 -14 g.

Samp]es vere initially crushed in anhydrousgglycerine. whfle H20 ts |
P _immediately ahsorbed'by the glycerine, both COZ ;nd hydrocarbons are immis-
.cible and are visible as smal] bubbles. Subseq ntly, barium hydroxide, .-
anrd later €0, saturated kerosene were used as » ‘crushing media. Barium
hydroxide reacts with any C02 liberated from th;?inclusions to form a vis-

1b1e barium carbonate precipitate, whilst €0z sﬁturated kerpsene absorbs

&

hydrocarbons but is immiscible with €02, which fzrms discrete bubbles ! <}',
fluid. , ‘ , ' .
he flui , ‘ _. o .
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Detai]ed results of the crushing process are attached in tabular form
in Appendix C. The presence of 1iquid C02 was indicated during crushing, |
and later confirmed. by petrographﬁc exam1nat§on of rock chips from each of
the studied deposits. The liquid CO» was presént in a wide variety of
roek types inclyding theﬁBethsa1da quartz d1or1te, Skeena quartz diorite,
‘Bethlehem quartz diorite, the Cnawed Mounta1n Porphyry and volcanic breccia
from H1ghmont, and the ap11te dyke from Lornex.

In terms of hydrothermal alteration, the liquid €0, was encountered
1n rocks of the potassic, ve1n sericitic, argillic and propy11t1c altera-
tion suites "in addition to fresher rocks of tee ap]ite and composite dykes
" and ve1ns éhtt1ng these phases. ' " |

It was apparent dur1ng petrographic exam1nat1on of the polished chips,
that the tiquid C02 is frequent]y highly 10ca11zed - often existing only in
sub m1111metrwc patches in the samples Th1s was torne out by the apparent o
absence of. €0y in some‘rock chips crushed under the m1croscope even though
it had been noted 1n ‘these same p011shed chips during petrographic examina-
tion.” Such 1oca11zat1on of the 11&u1d €0z is cons1dered to be-. eV1dence of.
.quu1d qmmfsc1b111ty in the system at the time of entrapment (Touray, 1971).

TaB]e 5 11sts the samples in uh1ch 11qu1d o, was observéﬁ’dur1ng

‘petrographic exam1nat1on, sh%r1ng the rock type and a]terat1on assemblage
of each sample. | g
Cue- to the m1nute size of the f1u1d inclusions 1n rocks of the H1gh]and
Va]]ey, they were only rarely {151b1e as 1nd1vidua1 ent1t1es during crushing |
.and never-was-an individual inclusion observed to be transected by a frac-

ture during the procedure. The miniscule size of the inclusions also made

it impossible to determine whether gases evolved during crushing originated
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TABLE 5 -

SAMPLES IN HHICH‘LIQUID CARBON DIOXIDE WAS OBSERVED DURING
PETROGRAPHIC EXAMINATION
)

Sample l 'HydrOthermal A];eﬁaticn

No. Deposit Rock Type _ Type '

V5 Valley Copper Qtz-Bn-Cp vein cutting Vein sericitic alteration |
Bethsaida quartz I cutting potassically \
diorite - altered host rock

V6 Qtz-Cp-Bn vein '

V7 \ ' Quartz vein :

V9 i Calcite vein cutting Propylitic
Bethsaida quartz .
diorite R

V14 : Qtz-Cp vein

V20 ' Quartz vein cutting Propylitic T

) ' Bethsaida quartz ' &
. . diorite ‘
V34 Bethsaida quartz Argillic
. diorite

'¥35 - Quartz vein . )

Y41 ’ Bethsaida Granodiorite Pervasi¥e sericitic ard K

iy e kaolinitic ’

v . * Quart? veins cutting Potassic .

_ Bethsaida Granodiorite -
B153  .Bethlehem Bethlehem quartz - Propylitic
Huestis Pit - diorite . |

L20t  Lorrex Quartz-sericite rock  Phyllic .

L2n  Quartz '

L23 - ‘ Aplite dyke Chloritization and

o -« sericitization
L240 - Skeena quértz diorite - “Propylitic
L243 , * Skeena quartz diorite  Propylitic
. i :
H309  Highmont Qtz-Cp veinlmg - Argillic
H314 , , Qtz vein; minor Bn, ,
) ) ser . ) 9 .
*H323 . Volcanic breccia Tourmalinized matrix
H327 . Qtz-Plag porphyry
H336 : " Bethsaida Granodiorite Propylitic

H33?- " Bethsaida Granodiorite Argillic
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~ from within primary or secondary inclusions. Consequently, the_petrographfcum,f
~ data are considered to be more meaningful than are the crushing data.

It 1s clear thatﬁthis'technique would be much more vé]uab]e in cases ]
where larger inclusions were'preseht, or in cases where many more Eémon-

étrab]y primary and fewer secondary inclusions were present in the rocks.

|
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Chapter 6

PETROGRAPHIC~EXAMINATION OF POLISHED THICK SECTIONS

~ .
‘ A. INTRODUCTION

Each po11shed chip was 1n1t1a11y examined under the petrographic |
: microscope 1n order to determine: . (a) the composition of the f]uid inclu-
sions, and (b) the suitability of the inclusions for heating and freezing .
tests. | - ; '
" Rock chips were examined at powefs ranging between 150X and 2500X.
It was found that after focusing the microscope pn a region copfaining
numerous inclusions, the most convenient method of . examin‘ng them, due to
‘the1r minute s1ze:qwas often by means of 01l 1mmers1on m1croscopy i
Petrograpmc descr1pt10|s gf the fluid inclusions are attached in

tabular form in Appendix D. P]ates 1 to 8 present examples of the prin-

ciple phase relationships observed in the polished chips.

‘ B. CATEGORIZATION OF FLUID’INCLUSIONg?
1. Introduction o L

Descr1pt1ons of f1u1d inclusion from porphyry copper depos1ts prior
| to this thesis have 1nc1uded a var1ety 6F c]assificat1ons of 1n§lusions
that, while often be1ng ‘based on similar criteria, were sometimes, none-
the]ess, ambiguous. For example, Foedder (1971) categorIZed fluid inclu-
'sfons in the Bingham deposit as being of Types A and B, while. Nash (1974)
c1assed 1nc1usions from the same depos1t as Types 1, 2 and 3 - his Type i
corresponding to Roedder's Type A and his Type 2 to Roedder s Type B.
Wh1lst numerous papers have been published in wh1ch 1nc1usions of

moderate sa11n1ty are classified as Type 1, those\that;aje vapor-rich as
J : , . ., £



CTABLE 6 -
| |
" MORPHOLOGIC CLASSIFICATION OF FLUID INCLUSIONS -

Shape Ratio ofllength:width
Equant A | T1:1 to 2:1
Subequant - . 2:1 to 3:1'
Bladed o 3:1 to 5:1
Elongate o . > 5:1

Irregu]ar - angular, often amoeboid form,
~normally larger than surround-
ing 1nc1usions :

'NegatiVe Crystal - a fluid filled vacuolé
bounded by crystal faces within -
an enclosing grain or crystal -




| TABLE 7 - _
KEY TO SYMBOLS USED IN FLUID INCLUSION CLASSIFICATION

| . -

Symbol . .Symbol ‘ .
(major phase) (minor phase) - Meaning

, brine..
; liquid COp
I o glass .
sulphate daughter crystal
' . vapor
~ polyphase daughter crystals

‘

X < DO
X < w.a n o

1= primanyl p2 = bseudosecondary : ‘,2 é.secondaryj

48
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eType-2~and#those that-are{po1yphase asaType’3;’no}c1ear'consensos has been
established as to c]ass1f1cation _ ‘

| In order to avoid ambiguity, a new classification was devised for fluid
htnc]usions from the porphyry deposrts of the Highland Va]ley,{based_upon
a1phamer1c rather than-numeric symbo1s.‘ }n thjs-syStem, capita] 1etters
denote<major'phases; nhi]emlower case letters indicate minor phases. Sub-
scripts IL,pZ and 2 indicate the agparent origin of:the-fnc1usion, whether-
primary, pseudosecondary or secondary, respectfve]y.

Table 7 provtdes a key to.the new‘recOmnended c]assification.

2. C1ass1ficat10n of Inc]us1ons from the Stud1ed Deposits

Sf (a) Type Bv 1nclus1ons Rocks from the porphyry deposits of the High-

land Val]ey are characterized by the presence of abundant p]anar arrays of
‘demonstrab1y secondary and pseudosecondary fluid inclusions. These gener-
cally” cross- cuttﬂlg planes of 1nc1us1ons represent healed fractures that are
,thought to be .in part post-mineralization in age. They charactaristically
| contain a vapor bubble of 0.1 to.S%EVOlume within a saline brine'(although"
'otcasiona1ly, the vapor'phase’is entire]y absent). \ Negative crystal forms
are not uncommon. Small daughter crysta]s of ha11te are 1nfrequent1y pre-
sent, not exceed1ng 2“ by volume. '

Numerous inclusions of this type have alsc been tentat1ve1y 1dent1f1ed
as*being of prrmary origin based on the criteria 11sted in Table 2; Inclu- .
sfons of this type have been-designated as Bvy, Bvpp and étz for %hose of
pr1mary, pseudosecondary, ‘and secondary origins respective]y

Identical compos1t1ons of pr1mary, pseudosecondary and secondary in-
clusions of this type would imply fracturing of the quartz veins, entrap- -
ment of-secondary.fiuids\and.rehealing of the fractOres soon‘after entrap-
ment of the primary.and pseudosecondary inclusions, whiJe temperature,

PR Y

[
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pressure and composition of the hydrotherma] f1u1ds were re]atively un-

changed

(b) Type Bogy + V fnc]usions. These'tntlusions contain a high pro-
pbrtjon~of¥gapor,'ranging from about 20 to almost 100% by volume. HaTite
daughterrcrystals are rarely observed in these inclusions. Two possibil-
ities™may account for the prominence of the vapor phase. These are: (a)
netking of the'tnCTusions,hand (b) boiling of the system at the.time‘of
entrapment. As no evfdence'is present indicating extensive neching,tthe
 boiling hypothesis.seems preferable.‘ | ‘ "

(c) Type BXv inclusions Type BXv inclusions are po]yphase in nature.

Vo]ume of the vapor phase varies between one and f1ve percent while halite
crystaTs are ub1qu1tous making up as much as 25 vol. B Sylvite crystals
conwon]y constitute up to 10% by voTume and smaTT euhedral to anhedral
crystals of hematite ‘are usually present small birefringent daughter
crystals, considered to be either caTc1te gypsum or anhydr1te are some-

times observed. , Co h ' ' J

(d)_dype Cbv 1nc1us1ons Type Cbv inclusions consist of two TTquid

and one vapor phases Liquid €Oy comprises up to 50 vol. % with up to 30%
vapor phase and COz.saturated brine constituting the hest These 1nc1u-
- sions tend to be sparsely and w1de1y distributed reflecting Tocally h1gh
€02 fugac1t1es at the time of entrapment as d1scussed prev1ous]y in this‘

thesis

(e) Type G inclusions. Type G 1nc1usions are oomposed'of glass

Shrinkage vacuo]es generally constltute about 2% by volume of the 1nclu-
s1on, but 1n rare cases, vacuoles -of up to 20 volume percent were observed.
They are of aTl shapes and are considered to represent si]1ceous fluid

trapped between quartz grains during crysta111;at1on. Devitrification
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was prevented by the absence of water in the isolated dropYets of melt
(Bloss, 1971). 'The glass inclusions may be coeval with the hydro-saline

primary‘fluid jnclusions. Criteria used. to differentiate the glass in-
. - : )
‘clusions are‘as follows:

(a) no movement of the vacuo]e, either as. a result of Brownlan motion,

or in response to an 1mposed therma] gradient : : -

(b) vacuole often'appeans flattened or trregularly éhaped;

‘. (e) deep cross-cutting‘:jactures often transect thgjk&fusion.
,4 (d) several vacuoles may’ be pnesent in the sahe inclusion.

(e) in one instance a fluid inclusion was observed within a glass
_ -y ,

‘

inclusion.

(f) Type Bsv inclusidns. Type Bsv inclusions contain anhydrite or éﬁ“

. gypsum as b1refr1ngent daughter crystals that on occas1on, .comprise up

- to 60 vo]ume percent of the 1nc1us1on Genera]]y, no other daughter crys-

“tal is present with the su]phate.‘,Vapor phases are usually in the one to
twa volume percent range. fThese.inc]usionS are considered‘to be of late

origfn}

C.'_RESUL?S'

Tab]e 8 shows the re]at1ve abundances of each type of f1u1d 1nclusion

, from each of the studied deposits.

1. Valiey Copper *

-

[ _ : ,
"IncTusionsfin sampies from Valley Copper are usually minute (gommonly

less than 5 microns in diameter), although rare exceptions of 25 microns
diameter were observed in some samples. Inclusions considered to be of

pseudosecondary or primaaaea(ﬁgin were somewhat larger than secondary

N /
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TABLE 8

FLUID INCLUSION JYPES AND RELATIVE ABUNDANCES
"IN THE STUDIED DEPOSITS

\

Type of

* Inclusion Va]]eyACopper \»Bethyehem , Hornex Highmont |
Bv B Abundant EAbundant Abundant /‘Abundant
'BQOV +‘!’ LJ Rare - Rare Rafe : Rare
Bxv - | Rare , »’Rare"‘ -
Cby Rare . | Rare  Rare Infreq[;ent_:
G | Rare o . Infrequent 'Rai:"é,
Bsv ,’V_ " Rare- B | - Rare

S
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tnc]usions. Vh11e secondary and pseudosecondary 1nc1usions were most
eommonTy equant (frequently spherical or oblate) or faceted, primary in-
clusions were mpst common1y angular, and bladed to elongate dr irregular
in form (see Table 6).

The vast majority of f]ufd 1nc1usiqns.from this deposit are -of Type
Bv, with a vapor phase seldom exceedingJS% by vo]dme, and with scattered
halite crystals in primary, and rarely in pseUdosecondary and.secondary‘

;o inc]usions. Occasijonal gra1ns of what is believed to be hemat1te, and

prom1nence 0 the1r vapor phases is taken to be 1nd1cat1ve of boi]ing at

the time of in1t1a1 f]uid entrapment , , . /[\ "
Type va incldsions were accasionally observed compr1s1ng up to 10
volume percent ‘Tiquid C0», a vapor phase consisting of gaseous COz + water
vapor, generally of less than two volume percent, ard a C02 saturated ag- -,
s ‘vue005 phase " These inclusions are considered to be of primary or pseudo-
%econdary or]gina As previously stated, Type Cbv inciusions'tend }o be
high]y locaiized within samples. ‘ | R -
Type G inclusions, generally cons1gerab1y larger than other 1nc1usions
in the samp]es,é;ere infrequently observed. They are frequently very ir-

regularly shaped with numerous cross- cutting fractures and 1rregu1arly

shaped vacuo!es

t

Type Bsv inclusions, believed to be of late or1g1n are most frequently
of angu1ar,_1rregu1ar form and are general]y substantially larger than most

surrounding inclusions. ",- ' /
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. o P '
It is considered likely that three stdges of fluid entrapment'are

represented at Valley Copper. Primary inclusions of Type B20v + V, Cbv
and Bvl were presumably entrapped simultaneously at the timegsf,crystal-f
lization of the host rock. Tﬁese were fo]1gwed by the géneratioﬁ of Type.
sz, secoﬁdary‘inclusioﬁs,‘and at some latgr date, by Type Bsv sulphate-

bearing inclusiops.

2. Bethléhem
As at Valley Copper Type Bv inclusions make up the waJor1ty of the.
»1nc1us1ons Observed. These are supp]emented particu1arly in sample B153, = -
by. the presence of pr1mary inclusions of Types B20v ~+ V Bxv and Cbyv.
The B20v -~ V inc]us1ons contain up to 60% vapor w1th rare acicular,
strongly an1sotrop1c daughter crysta]s, thought to be gypsum or anhydrIte.

These inclus1ons are frequent]y faceted Occasiopal 1nc1us1ons consist

ent1re1y of vapor with no liquid phase, ind1cat1ve of b0111ng at the time

’

. of fluid entrapment, or of 1eakage.

The-Type‘va inclusions are genera]ly_of less:than 10 microns diameter.
. They comprise a vapor phase, not exceeding S% Ey’yo1uﬁe, with ha]ite.érys4
tals of up to 25%. Sylvite, if preéént,»constituteS'up’to 103. Hematite
nofmai]y comprises less than 6ne volume percent, but in one e*ceptioha1 
‘case, constitutés 30 to 46 volume percent. Occasioné]]y; a small, bire-
-ffingent aciéu1ar‘crysta1 is present compfising less~shan one vo]ume per-
cent. It has been'tentétive]y identified as a su]ph;:g\minera1, either
gypsum 6r anhydrite. .

The Type Cbv inclusions comprise up to 50 volume percent 1iquid €0y,
.up to 30 volume percent vapor phase, and a C0; saturated.aqueous phase.

No daughter crystals were observed in these inclusions.
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3. 7 Lornex . .. ‘
\\_ ~ The vast majority of the inc]usions noted from the Lornex deposit fall

into category Bv. Generally the primary inclusions are somewhat 1arger than
secondaries and pseudosecondaries, but shape.is-not a criterion for differ-
entiation. ‘ o '

G]ass inclusions of Type G are not?infrequent The} are usualiy larger
than the f1u1d fi]led 1rc1usions, ranging between 10u and 68u in diameter

Iype B20v + v 1nc1u51ons are uncommon. They are 6f all shapes and
sizes and normally contain 15. to 30 voiume percent vapor phase, although in
some cases the vapor phase approaches 100%. Their prominent vapor phase,.
primary characteristics and 1ack of daughter crystals are considered to

boiling at the time of entrapnent ' : ;

impl
‘ ‘*, Type Cby inclusions contain‘iess thgn 5%f11quid €0o in an aqueous fi&did
with‘a'vapor phase not exceeding 5% by volume. _No daughter crysta]s;,ere ob-
served in éhese inclusi%ns, hh]Ch were all con51dered to be of either primary
or pseudosecondary' origin. LA B
Very few 1nc1u51ons of Type Bxy were obsenved in the samples from the |
. Lornex deposit. In the few cases 1n which they were noticed a vapor phase o
vqf one to two volume percent; sma]l halide crystais (either haiite or syl-
v1te), a black, non nagnetic, cubic grain suspected to be pyrite, and a |

| minute grain of hematite were present.

4.  Highmont | : ;
The majority of fluid inc]usions observed in quartz from the Highmont

deposits are of Type Bv. This includes very numerous demonstrably secondary’

inclusions, many other inclusions classified. as pseudosecondary, and a large
number,of nclusions of‘primary appearance. In many cases, these Type Bv

1nc1us1ons contain halite crystals of up to § vol % and rareiy to 50-vol. z.

<
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In this Iatter case, it is presumed that a ha]ite crystai existed priof to .
entrapment of the flutd, and probably act!l,to hinder crysta11ization of
the host, resulting 1n the jormation of a fpuid inclusion In addition. '
sma]l hematite grains‘are often present, never exceeding ZZQurvdlume..
Neither size nor shape appears to be a valid criterion in differentiating '
between primary and secqndary inc]usions of this type. / (i\;
Type BZOv +y inclusions are uncommon in rotks “from Highmont Those
’ that were observed were all small (less than 10u diameter), and never con- |
’ tained any daughter crystals. Vapor ‘phases varigd_from 15 to 100 voi %[
This variation in vapor content combined w1th a total absence of daughter
crystals, is considered to be evidence of pressure release through boiling
o dUring entrapment of the fiuid : . >
Occasional g]ass 1nc1usions were observed with vacuoles-of 1 to 2
vo]ume percent in ihc1u51ons of up to 25u diameter. ' No- daughter crystals
were~present in these inclusions. : ’ j
' Numerous 1nc1us1ons of Type Cbv were observed ‘these being found in
a11 rock types and°a1teration zones of the Highmont deposits Liquid CO2
content varies widely from 5 to 50 vol. %. Hematite was the only daughter |

E minerai observed in these inc]usfons .and this never exceeded 0.1% by val--
g

&, AR

5._ Ha]ite-bearing Inciusions, Their-Occurrence and Significance

-

"Halite-bearing inclusions were observed in samp]es from all four of
 the. studied dep051ts.g Of the four, they were by far the mgst common in

samples from the Valley Copper p051t where tiéy were observed in 34 of

't

the 60 sections -examined. - _ .
Ha]ite-bearing primary inc]h!ﬁons were observed in 33 samples. while

~ pseudosecondary salt-saturated inclusions were observed inAfour sections,

T

#
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and secondary salt- saturated. inclusions 1n six.

At Beth]ehem ha}ite-bear1ng pr‘hary 1nc1usions were observed in four

' \of the 16. sections exemined, while no halite was observed in secondary

1nc1us1ons Although the population 1s far too small to draw any maJor

Q

conclus1ons, it was no!%d that in the samp]es from the Beth]ehem deposits,
3

the halite- bear1ng 1nc]usions were present only fn quartz. veins cutting

propylitized granodiorite of the Bethlehem and:Gu&chon phaseg. ?

At the Lornéx deposit, halite- bearing inclusTons were ob&rved in 16

- » . g '
of 57 samples examineg!» (‘eneraHy, the halite daughter crysta]s wera mi- ¢

nute occupying no more than two volume percent of the inclusion. However,
in three sec%hons from the quartz porphyry dyke prlmary halite-begring :
" 1nc1u51ons ofﬁ%p to 20 vo1uwe percent were observed Demonstrab]y secondary

1nc1usions'§anta1n1ng halite daughter crystals were recorded’, 1n on1y two

S~

“sections, while they were observed w1th1n pr1mary 1nc1us1ons in 14 sections “,

L

~ . . o P
. ro

- 'f‘," S

e

'(1nc1ud1ng the quartz porphyry dyke) ' .

' Pr1mary ha11te containing f1u1d‘$nc1us1ons were,observed 1n quartz N
veins cutt1ng the Skeena quartz diorite, the Bethsa1da quartz hnnzonite, |
the ap11te phase and the quartz porphyry dyke. They are d1str1buteg in
"rocks which have suffered arg1111c, phyllic and propy11t1c aTteration

In samp]es*from the Highmont,deposits, -halite crysta1§ were observed"
~in 11 of the 40 samp1es exarr"lned:,r They were found to be present in secon-
'dary 1nc1usions in four secttpns, and in primary 1nc1usions in nfne sect1ons
It is 1nterest1ng to note that w1th the exception pf section H328 a quartz
F._pnrphyry samp]e be11eved to. orig1nate from theyﬁﬁﬁposite dyke, all of the
:; halite- bearing secondary 1nc1us1ons from the H1ghmont deposits were found
;',w1th1n volcanic breccia samp]es | This igﬁinterpreted as s1gn1fying explo-

;i s1ve brecc1ation of the rocks, resu]ting in extenstye shattering gf the

host rocPs, release of pressure on the hot hydrothermal system and uctiye

@

-
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‘-boiling: This would result, fol]owing the mode] of Nhite et al. (197}), in
-upward movement of concentrated brines from deep within the system and nu-
cleation of halite crysta]s upon Foo]ing-mf’the supersaturated’ solutions

The large halite crysta]s present 1n some af the inclusions wenE)prob-
ably formed deeper withﬂn the $ystem as a resu]t of ref]ux1ng and concenJ
tration of the brine due to boiling: and were subsequently transported up-~
ward durnng the pressure re]eas1ng event. Inc1us1ons of this, type are con-
siq/red to: be of more recent origin than are the primary 1nc1us1ons rypé”'
Bsv' jnoﬂus1ogs wéfe rore]y observ%atat Highmont. Crystal hab1t, in the |

.,,fﬁ$~tase ’?gﬁzgn1zed, indicated th

/ rgg, or poss‘lmy ca1c1te " The daughter m1nerals do not exceed one volume

the daughter mineral present is anhyd-

"‘;uﬂy*ht 1p abundance It is cons1dered probab]e that, as at Valley Copper, -

‘}the,sulphate daughter minerals observed at Highmont are 1ndicat1ve of 1ate'

‘&g stage fluid entrdpment, . . |

‘.1 1 ‘( )

ane
¢

‘C.w' Significance. of Sy1v1te and Su]phate Daughter Crysta]s
b | Sy1v1te was rarely observed in rocks from the stud1e4.deposits Where
present, it Js postulated that it probably resu]ted from kao]1n12ation of |
potass1um feldspar resu1t1ng in the re]ease of K+ i&hs, vh1ch wouTd then
react With the chlor1de in the metal-bearing brines to form' KC] As’ kao-
]1nization of fekdspar is‘é hydrat1on reaction, the volume of hydrotherma]
fluid would be 10ta]1y reduced w1th a concom1tant increase in salt concen— '
tration within the brfnes. ... » “ |
154 -3
It is also likely that’afgi]]1zat1on of calcic p]ag1oclase locally
re]eas;L calcium Jons wh1cb reacted with su]pbate jons present in percol-
xating sea ater or, condensing magmatic waters to produce the anhydrfte and

k]

gypsum occas1ona11y ‘bserued in all the deposits.

T
-

i : o . P /
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Chapter 7
K/Na STUDIES - o

A. INTRODUCTION

L}

K/Na atomlc rat1os have been found to be of value in somg, cpses in

3

helping to 1nterpret the or1g1ns “and temperatures of hydrog( 1 f]u1ds

4

In natural and expn’ nnta] systems, the K/Na atom1c ratﬁm hydrothermal

i

fluids exchanging with granitic’ rocks increase with tempe ve (Rye and

: . : T
Haffty, 1969). Figure 6 presents a generalized curve as comp‘i]ed by Robin-

R

son (1971) from 'Wh‘it,ez:.('.179‘68) q.nd‘Ganunon g_ (1969),' showing this rel - :
tionship. = - . . , . ‘v . = }?’ﬁ
| Ryeand ﬁatfty (1969) point od‘t that tfheé_prec":sg:positi'o‘n of tohe‘curvv-e;fﬂ
for a given' system,' is dependent upon the total pre'ssure on the system' énd v
on the comp051twn of the enclosing rocks’ r particularly t@r calc1/U{n oﬁ- e
’ tent q add1t1on, the_y state that the pos1t1on of the curve 1s a functmn

SN - ’

"of'the salinity of the system. - - a9 .

o " B._PROCEDURE

Due te the a]most' ubiquitoustﬁsence of ser1c1te'-1'n samples from the

|t"

H1gh1and Valley, only one quartz spec‘nmgnawas cUnsmered to be- sultable for

determmatwn of K/Na. rat1os Ih1s wasﬁnple #V30, a masswe white quartz '

-vein sample fronrthe Valtley Copper deposit.

The sample was first coarse‘ly crushed into fragments of less than 5 mm.

~

"';fvThesevwere carequy hand-picked in order to exclude those’ fragments in

- 2

whsch vvs1b’le ser1/c1te or other m1nera]s occurred.

R4

{

! .
I
i

L1y
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R
The select d quartz ch1ps were first thorough]y washed w1th tap water,
and then distilled water The quartzlwas then placed 1n.200 ml of 1:1 HC1
in a]polyethylene beaker and left overnight at a constant 63°C. After the

_quartz had been dra1ned aﬁﬁ rinsed.with demineralized, distilled - water, it

!

was placed in 200 ml of l'lﬁwtrtc acid and agafn Teft overnight at 60°C.

The cleaned quartzrwasfthorougHIy rinsed w;th dgubly d1st111ed, demineral-
R X, i
ized.water and with acetone, and stored in a sealed po]yéthylene beaker to

avoid contamination.
P 2

-The fragments were next hand- p1cked for a second time, divided into.

four portions and p74§§ﬂ51;“31ectrolyt1c c1ean1ng cells, constructed ac-

cord1ng to the specif1catlons of P1nckney (]972), to remove 1on12ed material

i

from the surface of the ch1ps . _ ,‘ L . ‘é;

Within the e]ectro]yt1c c1ean1ng cells, the quartz was covered w1th

dem1nera]1zed doub]y distilled water and subjected to a potens;a] of 50

volts DC. The samp]e was c]eaned for five days w1th frequent changes of

t

water until the current through the ce]]s reached a constant low vaﬁue

f\ corresponding to that for the dem1nera11zed doubly d1st1]]ed water, :The

'm

o

. same grpaeduros in. order to serve as a reference and a check on contamina-

! tlon ‘-7?ﬁ.‘*;c
’ _

. 4

quartz was then ‘dried in a covered p]ast1c beaker at 600% w1th a stream of

-

_ + ¥ . o
n1trogen ‘gas pa551ng over 1t ) : . - :

The cleaned deionized quartz was crushed for three minutes fn a tung- .

sten-carblde sw1ng mill that had prev1ous1y been c1eaned w1th acetone and -

!

demﬁneral1zed QOubly dlst111ed water. The powder was. transferred to a
f11ter paper and leached “into a polyethylene bottle .

A b]ank sample, comprﬂs1ng crUshed quartz g]ass was subJected to the

v

.. *,* N ..v}'. . ‘ .
* L. & L) s\t ) oo !
LR S - !
b \
‘!* axy \
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4 ' L ‘ S Ll SO
YA Perkin Elmer Model 503,flame em1ssion and atomic absorpt1on spec— _'u

trometer was used to analyze lhe’samples for Na20 MgO Ca0 and K20, w1th
standard so]ut1ons of known concentrat1ons prov1d1ng comparative readlngs.
e C. RESULTS .
Ana]yt1ca1 results are presented below in Tab]e 9.
| ‘ TABLE 9
ANALYTICAL RESULTS FROM SAMPLE V30

1

| Sample Blank Corr, Conc.

(ppm)  (ppm) (ppm)

- r - |

K0 8.0 1.4 6.6 . o

. Nap0 0.0 1.3 . 8.7 g
" Mg 0.8 0.% 0.7
N Ca0 8.7 0.4 - 8.3

From'th; above data, a‘ﬁ‘!g atomic'ratio.df 0.50 was calculated. The
homogenlzatlon tempbrature of“ir1mary 1nc1us1ons from saz?Je V30 was pTotted
aga1nst the K/Na ratio on:Figure 6. The.w1de d1screpanqr*between the anal-

A’ytlcal and ;heoretlcal results may be due to -one or more of several causes.
(a) The hydrothermaT fTu1d may not have” been in equ111br1um with the gran1t1c
meTt This is entire]y feaSIbTe cons1der1ng that there was, accordlng to
Jones-(1975) ‘apparently & large component of sea water perco]at1ng through .

‘ ; the intrusive. In add1t1on, much of the fTu1d leached from the samp]"pre-

) sumab]y or1g1nated from secondary 1nclu51on$ of unknown temporaT reTat1on-
sh1p. rather than from pr1mar1es 1b) Some ser1c1te may have rema1ned in

the sampTe even after cleaning, resu1t1ng 1n a cons1derabTy h1gher potass1um

concentratnon th.n anticipated (c) Due to* the crude nature of the crushing |
I
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7]
and. ]eaching’techniques‘employed compared to those recommended by the
Equlpe de Recherche sur 1es Equ1l1bres entre F]u1des et Mineraux of Nancy.
France (Poty et al. 1974)7 it is likely that some contam1nat1on may have

been introduced dur1ng processing of the samp]e and bipnk "and (d) Denis

(1974) states that even t1ny amounts of potassium fe]dspar in"a sample

' cause a strong anoma]y 1n the apparent concentration o‘.!'i as the potas-

 sium jon is 1mmed1ate1y absorbed into solution during leaching of the

crushed samp]es He notes further that in the quartz veins from the por-
i

"*'dhyry copper depos1ts he studied in the southwestern United States, secon-

dary potassium feldspar is frequently present' ang sometimeS'intimate1y

intergrown with‘the quartz, To e]1m1nate contam1nat1on Trom th1s ‘source,

A :
he recommends 1n1t1a1 wash1ng of the samples for two hours in. co]d HF prior )

]
M ¢

to treat1ng them w1th warm HNO3 and warm HC1. The c]ean1ng procedure used
¢

during th1s study, be1ng essentlally tRat of Robtnson {1971) which excluded . _

'-the use,of HF, “i . 2

b, f°§ars feas1b1e that m1nur K* contamination may have been

1ntroduced into the system in thfs way

No K/Na ratios are quoted for‘the deposits of the Highaand Va11ey,hput '
it is interesting to note- that Roedder (1971) mentions a K/Na ratia. of 0.26 _‘
for the B1ngham depos1ts, compared to Den1s"(1974) results of. 0.10 for .
fluids in m1nera11zed quartz veins at S1err1ta Arizona.’ Den1s states that
th1s d1fference is not surpr151ng, considering that in a monzonite at 400°C
such as that at Bingham, fe]dspars buffer the K/Na ratio by as mych as 0 ]6;7
In the Guichom Creek batho11th, where temperatures of mineralization are’
Bstimated to ‘be around 400°C, 1t is probable thg; suff1c1ent pota551um feld-
spar ex15ted both in pr1mary, and as alteration features to s1gn1f§tant1y

-

buffer the potassaum concentration of the fluids..
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Table 9 shows that whi1e Nat s the dom1nant cation in the f]u1d k*

e
and Ca’ | are also present in s1gn1f1cant concentrat1ons As can be seen

from F1gure Ja, the effect of KC1 and CaCly 1n/NaC] brines is to raise the
freezing temperature of the brines. ! Thus, the freezing temperatures en-

countered ?Qr1ng Jow temperature studies of the fluid inclusions could be
1nd1cat1ve of s]1ght1y higher NaC1 concentrations than would be 1n1t1a11y

presumed. o . ' - .‘ o
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Chapter 8
LOW TEMRERAIQRE‘STUDIES - .

A.__INTRODUCT.ION -

Freezing of the fluids in salt undersaturated fluid inclusions is a 3&'
valuable means of determining the concentration of dissolved sa]ts in the
inclusions. This process involves the cooling of the sample within the
heating- freez1ng stage until the f1u1d in the 1nc1us1on being stud1ed has
frozen, .and then gradually warming the samp]e while observ1ng it under ’
the microscope to record the temperature of me1t1ng of -the last solid
fragment. This tenperature is then compared to the graphs of Figures 3
or 3a in order to determine the _weight percentage of d1ssolved salts.

Because of the unavoidable problem of thermal lag, both w1th1n the
samp]e chamber and in the sample, a warming rate not exceeding 0.25° C per

i
i
i
m1nute within 10°C of the pred1cted melting point is recommended by 1
1

CHAIXMECA for the instrument.

.. Because of the frequent occurrence of supercoo]indéin small inclu-

s1ons, the fluids generaHy freae at temperatures far 10wer than their

me]t1ng po1nts Supercooling of 40-50 C was commonly observed during

sezsies of specimens from the thesis area. . &

| New phases appearing in the inclusions as a:result‘of freezing in-

clude ice, hydrohal?te, (NaC1-2H20), andecarbon djoxide hydrate, (C02;5.7H20).
. Hydrohalite forms from the'reaction at 1ow'tehperature of saturated

‘brine with daughter NaCl crystals or, a]ternate]& from the freezing of

near-saturated brine (Kelly and'Turneaure, ]970). fn large inclusions,:

it is characterized by high relief and strong b1refr1ngence Unfortunately, . |

because of the m1nute size of the’ 1nc1u51ons dealt wlth in this the51s, the

s

4
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.

¢ ‘ ! .
th1ckness of the presumed hydroha11te phases observed was 1nsuff1c1ent to

| .produce visible birefringence. ‘
It is apparent from Figure 3$that in fluids with sa]inities between
23.3 and 26.3 weight percent NaC1, NaC] «2H20 will persxst from the temper-’
ature of free21ng of the supercoo]ed fluids, right up to the me]tlng tem-
perature of the solid phases, evenithough‘no NaCl daughter crystal forms
‘at room temperature. The highly vmried me1ting temperatures of t]uid in-
clusions with salinities falling within this range reflect the steepness
of the NaCl-2H20 liquidué in the system NaCl‘HéO A . |
Carbon dioxide hydrate is a part1cu1arly difficult-solid phase to
detect in inclusions because of its 1sotrop1sm and index of, refract1on -
& .which is very close to that of water. COg-S 7H20 is most commonly notlce-
| able as a result of apparently 1rregu]ar l1qu1d -vapor phase bounda*)é
or because of the apparent rapid movement of solid or vapor phases in the
inclusion as they are‘pushed around by the me]ting hydrate The meltlng
temperature of this compound is a ﬁpnct1on of the vapor pressure of COé
within the 1nc1us1on and commonly ranges between about -5. 6°C and +5°€“
(Kelly and Turneaure, 1970). Depend}ng on C02 concentrat1on and vapor%
pressure, the hydrate dissoc{ates either to water t COzbgas, or to water :
+ ]1qu1d C03. :gﬁpe of this compound was 'visible dur1ng the course of
freez1ng stud1es, even in those 1nc1us1ons containing. v1s1b1e liquid C02.

Ice is characterlzed by its very Tow blrefr1ngence (absent in very

~thin crysta]s) high negative rellef and by the formation of round grains

above the temperature of 1n1tia1 mel ting. - S 0
»
© .. B. RESULTS

Results of low temperature studies carried.out on suitable polished |

» . 3 &
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Y
‘'sections are compiled in tabu]ar form in Appendix E. A. melting tempera-
ture range of -12.9°C to +1.0°C was recorded for the undersaturated primary
and secondary 1nc1usions of Type Bv, correspondmg t‘salt concentratwns
of 24. 2 to 26.3 weight percent NaCl equiv. Melting temperatures above O°C
are con51dered to 1nd1qate the presence of C0,-5.7H0 in amounts too small
to be visible. This compound would ‘;;‘the event of low concentrat10n and
vapor pressure w1th1n the inclusion, d1ssoc1ate to Ho0 + COz gas.

, F1gure 7 shows the salt concentrations in saturated and undersaturated
1nc1us1ons determined from freez1ng tests and vo]umetr1c phase proport1on .
ca1cu1at1ons Concentrat1ons and frequency of -observed occurrences,are R
'p]otted for each deposit. It is apparent that tﬂb hydrotherma] fluids were
of very similar composition in each deposit,fw%th‘saTinities most commonly
ranging between 24'and'28uueight percent NaCl equ?v Rarely, 1nc1us1ons

with sa]1n1t1es of up to 75 weight peércent were observql but these concen-

trations are .considered to reflect the trapp1ng of discrete sa]t crystals

[
rather than a distinct hydrosaline fluid. M

It'is presumed that muchllower salt concentrations would be present in
'inc1usions of Type B20y -~ V.. Osatenko and Jones (1976) state that-Schmuck
encountered sa]intties of about 5 weigft percent Nati equiv. in inclusions
from the Valley Copper deposit These- 1nc1us1ons are described as compr1s~
ing 70-80 vol % liquid and 20-’0 vol. % vapor. Unfortunately, no inclusions
of this type, su1tab1e for freezing: studies, were encountered by the author

in his samp]es from the Va]]ey Copper deposit. -

.
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‘ Chapter 9 '

HIGH TEMPERATURE STUDIES -

A. INTRODUCTION

L2

Homogen1zat1on temperature Th, determinations wefe effected upon
su1tab1e samples from each deposit. Because of the 1nfer1or1ty of the
optics when heat1ng, as contrasted to when freezing 1nclus1ons, it was
vnot feas1ble to examine as many inclusions as hoped !

Whilst an attempt was made to obtain at least two readings of’ Ty
for each 1nc1us1on fajlure of the vapor phase to renucleate after homo-
'gen1zatvon frequently made th1si;&pract1ca] In add1t1on, it was found
that heating of a sample to temperatures above the Th of low temperature
inciusions, in order to obtain the Th of the hiéher temperature inclu-o
Qions, frequent]y resuited in very different results being obtained for
the Iow temperature 1nc1us1ons on subsequent repetition. It is presumed
that*thls phenomenon ref]ects minor leakage and, incipient decrep1tat1on
caused by internal pressure w1th1n the 1nc]us1ons at temperatures above

A}

~ that of homogenlzat1on

Ha]ite daughter érystals;,where observed;‘were not found to dissolve
at temperatures below that of homogenization. Whilst Keevil's.(]942) _
-data apply only to salinfties in excess of 30 weight percent NaCl equf#(f
~ the maJor1ty of the saturated 1nc1us1ons observed in this study were ; i
found to conta1n 1ess than this concentration. It is 11ke]y that_sube'
stant1a11y ]ower rates of heating would eventually have resulted in dis-
solution of the halite crystals. ™ . »

" “No sylvite was observed in those inclusfons subjected to homogeniza-

tion studies,
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f Homogentq,;wn data are presented 1n tabular fO/rm in Append1x F,

’ .
7." t 1

and grap‘fnca]]_y in F1gure 8.

L »
» . ' @
- . w .

A 10 Va]leﬁopper | o . o

Lol %mgemzatmn temperatures of 1nc]us1ons from the Vaﬂey Copper de-

N T

- ‘p\ow b% seen t% be w1de]y var1ab]e No pronounced tendency 1s appa-_ _‘
e _
.%* .ren pnmary 1nc1uswns to exh1bft h1gher Th than secendary mc]uswns,,‘

R w

and, in add1t1on homogemzatlon temperatu‘ré's of mc]us]ons from vein sert
< N ’
¢ ] %hc and potassic a]terataomzones were found to be substanti«ally ‘hower

v
than anttcvpated Onl%t-wo sample.s from: the.-core regmn, V4‘? ar.d V47 werse

’ ‘ fouhd ‘&\JOM‘M pr1mary 1nc‘lusW?Qch Th,_,&; 200°C Nb‘ﬂysampk V44 a]‘so
I A ty m“ 43"
frgu the: core i‘egmm contamed pr'im%}

g5,
st

% 9&10“@9&3@ th Th ]20°C: ‘ )""
It s postuﬁated‘ that the w1de mang@q&ggp aures obtamed 1s in- {
d1cat1ve of’ teVeral pu]seﬁ o‘&?actur;ng aaéqu&rtz vemmg accompamed by '

’

<

o ehtrapment of ﬂmds of d1fﬁermg temperatures ‘tﬁt’smﬂar compos1t1ohs N
"~ The w1de d1§crepancy betmen wthef bbmogémzatlon temperatures deternnned by

- the- author and R Schmuck "‘7-: ko ‘and Jones, 15976) Uyd ,Jpnes‘ (1075) oxy-
o . ";;’4‘1 . 5

&es of 260~500°C for minerahzatmn and

R il v
; ,to destructwn of or1glna1 prlmary mc]usmns,
" andv entrapment of cooler f1u1ds durmg successﬁe m‘mera’hzatmn and altera- * -
s . ‘ . ‘ . " i 4 .

t10n phases. . "\' .- - ' - T . ;

. .
' . . -
. - L S, : . CT

2 Lornex : o . ! , o *

) ““fSAVeraJ;gémp1gs O%Sklena quartz d1or1te, L214, L220, L238 L243, 1246
and L259, we’re heated to determme the, homogemzatwn temperatures of the1r
vinc]uswns F1gure 8 shows that homogemzatmn temperatures of: pr'lmary_-

- 1nc1us1ons in the ar‘gﬂ]ically a]teregd samp]es L2 4, L259 and LqZO are i

s N
) . ‘ . . .
- -
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, hd as}n‘ated re.lease of %

'-'ectwn and entrgpment of h1gh temperature hydrotherma] f]U‘IdS Thé w1de

-

by, -
ihoweVer the h1g}}homogemzati%&‘tempqatures obt’a‘ined from samp]e H323, ,
. @

O
: euarti&phenocryst 1n voJcamc brecc1a from the Hfghmont depo%:t's quq*g‘ .

S

gemgﬂti&a temperatures of prlm‘ary mc]us:dns from tms samp]e were f"ounq w

g to range between 170 fo 261 2°C' whﬂst secdhdary 1nclu51d? th rang-

1ng between 148 6 and L86 7°C

ssure on the system 'was accompame;f by upward

bR,
4%;-7,\-, o w Kid "."

range in homogemzatwn temperatures Wtheg phmary flum‘s may refleﬁt

L.,

.@It 1s postu]ated t,hat Q‘Qoswe breematwn

: w- yn . '
k varymg vapor contents of the f]UIdS at the tlme of entrapmegt_fduéLto actwe

N 4
b0111ng . _? .

S
4, Apphcatwn of Pre)scure Correct1on to Homogemzatiq.:f‘emperatures '

Osatehko and Jones (1976) report that for the Val'ley Copper deposit,

R the presence of 1nc1usions containing hqu1do C02 is 1nd1cative of pressures

- -’ ‘. - = . N . . - . .
. S e N

] +, ‘
o / » ‘ s
-.i ‘ I [ k '?@
gﬁljﬁny sdbstant1a11y highe* than those of the propyhtma]]y a]tﬁred 4"&
sa_r?bgéé: b’le 10 emphas1zes this variation. . )1} | -
=y 4 B - L - oo, e ) DI .
R ¥ SR TAﬁﬁ 10 -, N
N - , a‘-dc#' S V ')
N NOMOGENIZATION TEMPEQATURES () -OF INCLﬁ%Ions e
: S _ -FROM'. SKEENA QUARTZ DIORITE o , .
. . .
-y s - Inclusmn Types % _ SRR
A]tetatmn';,‘ _ Primary' ‘ Pseudosecondary 'S‘eeo,nc‘iary '
iy @ - N A . =
L : d 3 : . ‘ - . i i
Propy]1t1c o 1i§ So-1E6.50 129.5°-146.0° 107,3°-207.5° * '
prg1ftfg£ ,' 142, 4°J£¥i?5° L o MR0c-1613
-‘f —.'.‘*.‘ : L , : ')‘. | . , ]
_ﬁhnﬁmt id Bet' a b
§ g I Do
Insufﬁmen.t data were optamable from samp]eﬁrom tﬁ&e two prop- ’
o g /
4‘5‘t1es to draw any Qf'ﬁmtwe conc'lUS1ons If“1s ?hterestmg to note,
: : e te

Y

R4 .

*

N
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r Fig. 9. A diagram for estlmatlng CO% wt. % by - v

, "volumeé ratios of phases in fluid inclusiondy
- K Az vapor phase volume; -BY liquid CO. volume; . )
¥ T C: CO, hydrate volume; D: inclusion“volume .
) . (Aftgr Takenouchi, 1971).° . : B g
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| » _
"l‘é “¢o 100-300 bars and depths of ‘otmatwn of 1 to 2 km. -As-no Type - |

va 1nc]u51ons suitab]e for, homogenization temperature det ermmations

were encountered in samples fram tht deposit durmg this study, these

data will be at:cerf ‘ w1 thout argunent Such a pressure, combmed with
homogemzatwn temp( y,atures of les / than 300°C would, for undersaturated

inclusions compr151ng HQO + NaCl remand a pressure correctmn of’*ess

R ,'" " than 25°1C in the absence of bmh g of the fluids (Lemmlem and K]evtsov,

'1961) As Some ev1dence of baili g of the f1u1ds was observed it is ‘bé\-\
: ‘ . TS :
g 1ieved that the tru¥ pressure torgection would be substantially less than’ \ '
o ' ‘ . ’ T

25°C. . *

sion su1tab1e f?r Th determmat n. Th for thJs ‘rncluslon conta1n1pg
* about 5-7 Yo1. % Tiquid CO2 was| found to'be 216.3  1.7°C. At 15°C thhe

- _vo]ume of liquid C02.c s,pon s to 10 to 12 wt. % (see F1gure 1), and to ©
2 w

‘ A ,; 4. 82 + Q.46 mo'l?\}%‘m@,r, Th;s, in turn, 1mphes a hydrostat1c pressure of
. : . 4§X- 62 5ar£’rakenﬂh1 "a'hd OLenn dy, 1954)“and a depth of g ‘
g ' ““3 to} km -Such a depth an&pﬁfesi,ne WOu'ld for unde,;satd:'.
R " 1nc1us1ons cons1st1ng of Hp0 + NaCl wifb 25 welght % d1sso'lved NaC] equw
~and homogemzatwn temperaturei of,14!~—2w°c and ]25 160°C .for matéf‘iél"

|

¢ that has  suffered argﬂ ic and:propyhtm alteratwn respectiveTy, neces-

sitate a pres‘sure correctmn of about 20°C

. o In c&itrast to the depth estimate based on the. presence of 1qu1d COz
in inc]uswns ap estlmate of depth gj emplacement may- be made based on

¥ Athe data of Haas (1971)‘ Assu;mng homogemzatwn temperatures of 125 210°C '
fo.r pr1mar_y 1nclus‘ions, and 3 hh?t'?es\o-f 25 wt. % NaCl equw s Haas @‘

. suggest a hydrostat1c head of |5 to 133 6 m. As total pressure on theksystem ‘

W“%?&t th’e§e~dapthe‘.ts Wﬂaﬁﬂ\e vapor pressure o.ﬁ liquid C02 at room tem-

. . .‘ N T .
. A [ v
Lo Ve R ! .

‘.

N\
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| jberature;'the pfésence of Type Cby
this reason, no confidence is plated in these estimates.

. : ' )

-

inclusions is contrajndicated.



: - ) S : Chapter 10
— sUMMARv AND CONCLUSIONS
This study:has gnnerate¢new 1nformat1on part of which- ‘supports, ‘
and part of whitch w in “sharp contrast to previous work. = - .. L

Pgoblems mherent 'fn this stud_y 1nc1uded the unavo1dab1y poor con- -

R ..tro1 of samphng, part1cu1ar1y in the case of spec1mens from the Beth]ehem

+

.”' and Valﬁey COpper depos1t bo‘th as a result of the author. not “having per-

] ,
sona'l'ly coHect@d aJﬂ of thé"taﬁp]es %nd as a’ result of unava11ab1]1ty of.
T
access to in- s1tu rock in the cases of thes first two dep051ts mentioned

Add:tmn‘aﬂy,:magor prdb]ems were‘enmun?ere'd’}as‘a resydt of the. m'inute ._:f
. P FIUN P o
"~'s1ze gf the. vast maJor1t_y of 1nc1uswns nn sargp'les examned As 3 result

n 'of t)ns 1ast'§ohs'mera‘t1on, many R the po’mshed 59&*‘0"5 prepa!d from S
{% .rock sa»mp] ey proveﬂ“ to he unsu?"tab]é for heatmg amd freez'mg tests |

. ‘ . ?’AS ment1qh€¢ gx. Nasil (1976 ano” pers conm ), 1ntermed1ategigneous e
1ntru~s1ves cZ"t§1nxn§$a1vte l59@"”‘9 f]"ﬂ‘d :mius1ons o?‘ten hOSt porphyry- ’
t)'Pe B'merc ‘izatlon This. assoc1at1pn may prove to be an 1mportant explor- }_ §

[ xa..

at1on tool m the seamh. for porphyry depos1ts. Nash (1976) has 1nd1cated

aZy

that he beheves the f]uld 1nc]usmns frmﬁ deposuts of e H1ghland Valley
-w_v _h_ -
, to be unusual 1n that they lack s%fﬁment'ly h1gh sa'@ cohcentratwns to -

w“

produce hahte daughter crystals. He ‘further suggested that boﬂing of

®
, the hydrothermab fluids did not occur. at these deposits.

. .
!

The present study, in contrast, ﬁ'as produced ev1dence 1nd1cat1ng t’ha_t |

-

the maJor1ty of f‘lu1d mc]usmns in quartz ve1ns from the porphyry depos1ts
L 4

of the H1ghland Valley do actuany contam sa]t concentratwns rangmg be- <

v ! A
{ tween 24 and 28 wd\z NaCl equw: whﬂé halite daughter crystals are far
' from ub1qu1tous, and are as a rule, of minute size. they are reasonably

abundant‘. p}ar,t)cu"lar]y in 1’nc1uswns of less than 10u diameter, As’ most of
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ok
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’
y
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- the copper and mo]ybdenu‘m su'lphuie m‘lﬁeralizatwn is fox‘d asiocmted with

L e 4
f'|u1d 1nc1us1ons haﬁg sagt concentratwns ?n th1s range, the »wr1ter be-

Heves th:t these fluids are representatlve of pre hydrbﬁermal fluids
which depwted much of the copper and !molybdenum sulphides .of the deposits.
 Densities of the fﬁﬁ&’ihc]uswns were found, at 20°C to range between

L 4

0 48 and T 52 g/cc. However the extremes of the ;ange “correspond to, the

scarce vapor- rfch and. ha'lite r1ch%1c]us1ons, whﬂst most of the f1u1d

' mc]uswns have dens1t1es of 1.15 to 1.21, ‘corresponding to slightly ea]t

undersaturated,d_,to s]}ght{!y oversaturated 1nc1us’1ons with small vapor

©
e . - vl

phases. S ST o A

i, >
Ev1dence %T'B'oﬂmg of the fluids has been found in mc]uswns from
A '3
aH of the depos1ts whﬂst bo111ng does not. appear to have been exten-
I A

sive, 1t is postu]ated thatilts occurrence may . have been assoc1ated with

' _ .
“fractyring anys‘:essure re]easmg (ventmg) events subséguen‘%p entraB-

ment of t:.‘ 4 f'lurds In such an event, bo1]1r§'§”mgh

‘.'v T

"only in thos' A ds occupymg fractures connecting to the ocean ﬁloor
AW

Upward movement’ of fnghly sa‘hne fluid. and d1screte ha'|1te crystals would "
1,. N

»
: exp]am the presence of scattered Targe halite cubes 1n the depos1tx.in~

1nc1us1ons wlth exceptmna'l'ly and unexpected]y h1gﬂ salt concentratwns
The rar1ty df 'Pnc'lusmns of - this type may be due to- the presence o\)sea :

water perco]atmg through’%deposns dﬂutmg some of the highly saline ,
™ .

f‘luid’s S »,jém,‘ :

”#n e

2 .
Nhﬂst Nash (1976) sugge’s ed that the porphyry deposits of the High- .

L 4

United States, the present wr1ter, 1n accordance w1th the 1deas of Jones

(1975), beheves th1s to be in error.. ‘This behef is based upon the evi-

o dence of boiling of sdme of the f]yuids-, ’Iow homogemzatwn temperatures,

-
.. . -

Cl ‘

C and VaHey were emplaced at greater depths than those of the southwestern “

-“

ave occurred.; 4
Cy .



e

Jones, 1976) for the Valléy Copper .deposit, and by the present autpor-?or

the Lornéx depoft.

" for the Lornex de osit‘ 5 1ud3ng the\depth of the postulated over]yin

boiling in all depos1ts supports this content1on of shallow origin.

.« 79

. the absente of fluid inclusions containing large nalite crystaTs'and high

. . . .. N !
salt concentrations (with the exception of the anomalous exceptions men- .

tioned above), and upon depth estimates obtained by Jones (Osatenko and

.
-~

The writer hds determjped a maxtmum depth of eMp1acement,of 3 to

ocean. This determ1nat1on was made on the bas1s of ;he presence of Tiqui
¥ W,

. CO2- bear1ng pr1mary inclusions with homogen1zat1on temﬁ?j@?ures of 216.2 ¢+

1.7° C_1n ‘propylitized Skeena quartz diorite. - Deptl of emplacement of the.
other deposits was not ascertainable but Jones (1975) has-est1mated a

depth of emp]acement of 1-2 km for the Valley Copper depos1t based aga)n,

on the presence o} 11qu1d COg in fluid 1nc1us1ons The discontinuous

Pressure corrections for the Va]]e’pCopper and Lornex depos1ts, and -

probab]y for the Beth]ehem and H1ghmod"depos1ts a1so, are <25 C. Th1s

figure is derived from.the sa11nity of the fluid 1nc1us1ons, and the hbmo-u
gen1zat1on temperrtures'of <300“C, in the absence of bo111ng (Lenmleln and
Assuming the max1mum pressure correct1on of 25°C, temper-

\

atures of entrapment of,prfmary 1nc]us1ons from the Lornex deposit range

K]evtsov, 1961)

from 150.5 to 18T'5‘C for propy]1t1zed, and 167.4 to 235 0 C for argll11zed

I

Skeena pﬁ;f e™* One Type B2Nv > V 1nc1us1on in a sample from quartz porphyry
dyke rock was observed to homogeh12e at a pressure corrected temperature of ’
315- 317 c, far h1gher than thé temperature recorded for other,pr1mary in- )
clus1ons 1n the adJacent pr1mary 1nolus1ons It is postulated that. the ‘¢

f1u1d in tﬂds 1nc1us1on compr1sed a botl1ng meQhre of 1iquid and steam at

- the time of its entrapmént - This would account for the wide Tp d1screpancy

‘Jw1th the other primary 1nc1usions. - _" . B j‘[

e D
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At the Va]Wey Copper dep051t pressure corrected temperatures of fluid

entraig m pervasively se

:PNYm inc]usions in rdok th

.gen1zat1on temperatures fall
A}

' for vern Ser1c1t1zat1on, 141.0-154,2°C and. 258 8-26n.8°C for ve1n serici-

bitized rocks range from 137 5 to 187. 7°C

as suffered phyllic a}terat1on have homo- <
—~ .

nto three ranges, namely 141‘0 to 177°C

. y
t12at1on cutt1ng potass1c a1terat1on Pr1mary 1nc1us1ons in pervas1vely
ka011n1zed rock homogen1ze at temperatures of 231.8 to, 251 8°C. Homogen-
1zat1on temperatures for pr1mary inclusions from the Lornex depos1t Were

_ al] obtained from quartz ve1ns, generally conta1n1ng su]phide mlneraliza-

-

' t1on, cross-cutting Hhost 1ntrus1ve It is considered 11ke1y, éﬁ%%efore¥

i

that they represent the temperatures of emp]acement'of the m1hera11zat10h. '

Whilst the h1ghest temperatures for sericitic’ and kaol1n1t1c alteraJ/
Y |

t1on determlned from this f1u1d 1nc1us1on study accord well with the lowést

-~
temperatures suggested by Osatenkp and Jones (1976) ?or pervasfve %er1c1t1c
and- kaohmtm) Qd;reprasentatwe of h1s proposed h1gher jiem-
tion phenomena were ut encountered This

perature m1nera
.'may be ‘due to the tnute 51ze of f1u1d fncTus1ons, pgrtlcu]ar]y in samp]es

erat1en,

n aﬂd

that have suffered potass1c alteration, mak1ng them unsuitable for freez1ng

£ = 7 i» o Lo d
. .
v .

and heat1ng tests 4 )

) P

A]though insufficient data were obtainable from samples from the High- '

~mont and Bethlehem depos1ts to allow any deﬁ1n1t1ve conclus1ons tqpbe reached
RN A RIPS - 3

| several tentat1ve conclusions can be~drawn® w1th respect to the H1ghmont dé-

pos1ts Primary and pseudosecondary 1nclus1ons from qugrtz pﬂenocrysts~1n

- {

volcamic brecc1a from these dep051ts were #5und to homogenize at temperatures B

~

“‘

ranging between 170 0°C and ?61 2°C -+ Secondary inclusians ?emogen1zed betweenm
152 0 Md 186 7°C. Fhea~1de temperature range recorded for

the pr1mary and

o
pseudosecondary 1nc1us1ons fs ‘not explicable on the ba51s’of the data avail- “_

-_ab]e. The s1gn1f1cant1y 1ower Th for secondary tnc1u51ons 4n these samaﬁes.



- ’ .r s

‘ *"‘and particular‘ly in quartz ve;n! cutting the samples, is probably due to

entrapmen§ of cooler fluads durl.g 'late stage brecciation and pressure

‘ ‘ L . .
re]ease . '_ . . C v
Carborf dioxide was ~foand to be a signiﬁ‘cant component of inclusions

-

from all deposits stud1ed,'often comprising. 10 wt. % and rare]y, 40-50 wt. %
,of the fluids in 1nd1v1dual 1nc1us1ons It was, however noted that the

11qu1d carbon dioxide was present only m scattered, sub mﬂHmetrm patches

N

of mc]usmns, and was “absent from man_y samp]es The autnor has conc]uded

that two immiscible fluids, eX1§ted at the time of entrapmqq one rich and

one poor in COz, as proposed. by I,‘guray (1971) ' ‘ . 3 ’

0‘/.

| Occasional glass mc]uswns wére obgerved in amll degpmts These

large, 1rregu]ar]y shaped mcluswns*

acteristically contain small v
e ”

irrégular shrmkage vacuoTes of 1-'

% and*were not observed to contain’
any daughter crysta]s. ' They are'l DERNE L : '

.been formed by the

. U, oo
entrapment of anut rops of sﬂic "sta]s 'or Qn ‘grow‘thv .
faces These drd‘plets are prevented‘ ’: r’ifymg as a resuld of the1r

1so]at10r from 'the water of the hydrosﬁlcate melt (C.M. Scarfe verba] '

g)nm 5 B]oss, 1971) B ,%
' The remaf‘kable cons1stency ofosalt Conceﬁ?ons determned .

‘ Type BV 1nc1us1ons from the four depos&s stud1ed argues that m1x1ng ofs .
sea water w1théhe .hydrothermal f]u1d was not an important factor at the .

t1me of entrapment of the 'F]uﬂds o™e e ' ,. -

Determmatmns of K, Na, Ca and Mg abundahces were effected upon o .
@MS from one sample of mass-We Quartz from the VaHey Copper depos:t o
resulting m the determmatwn of a K/Ng ratio of 0.5. ; The va.lug is sub- o ~
] .stant1a11y h1gher than that: obtained from ana]yses of fluids frdm porﬂlyry J ,-

copper de'pos1ts of the southwestern Umted States (Dems 1974; Rog:dg

N -
- .
~ »



1971) Th1s may be due to buffer1ng of potass1um in the fluids resulting’

"f:om the presence pf minute amounts of potass1um feld par or sericite
(Den1s, 1974). contamlnat1on of both the sample and b]ank due to the rela—
't1Ve1y crude techanue employed or due to the m1x1ng of fluids of d1ffer-
Aing compositions- from pr1mary and secondary 1nc1usions

Further work on this thesis topic, which should be considered, ‘includese

h

the. fgJ lou}ing: |
1. Ana]ys1s of oxygen, hydrogen and sulfur 1sotopes from“the Highmont,

Lornex and Bethlehem deposits to determ1ne ¢emperatures of mlnera]1zation L

and a]terat1on and whether mlxang of sea water with the hydrotherma] flutd L

is as nnportant at these depo%rts as has been suggested for the Valley .

.
K "

Copper depos1t ) o “_'i» . P ﬂ;' |
oA 2. Compar1son of f1u1d 1nc1 s1ons and 1sotope data froﬁ other porphyry
depos1ts in the Quesne] Téough‘3§v1ng a. §1mi1ar age to the Gu1chon Creef
Batho]1th to data from depOSItS of the Hgghland Va]]ey . _' . _kj

%, Compar1son of fluld 1nc1us1on an& 1sotode}data from the Cra@gmon 4?

deposit to those from the H1gh1and Valley dep051ts"o :

ment of manera]vzathn and hydrothermal alteratlon at the cof

.

batho]1th to that at 1ts marg1n .

. _‘ - ' -
e :' - . . . . . -
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RO
s APPENDIX B -

PREPARATION OF DOUBLY POLISHED THICK SECTIONS

, Hand specimens were examined under the b1nocu1ar microscope to seléct
‘ those parts most suitab]e for f]uid 1nc1usion study. Areas of transparent.
and where possib1e. coarse]y cryst¥111ne quartz were marked dnd cut to a
’size not exceed1ng 2 cm square with a thickness averaging 5 mm. T
| The chips were then hand-ground w1th .400 and 600 grit silican carbide
| powder prior to being g}ued onto frosted glass standard petrograph1c slides
using Lepage s p1ast1c cement. This glue was used 1n order to avo1d pos-
sible therma] reactions within 1nc1us1ons which might be 1nduced byrtheir«.
be1ng heated to mhe temperature range necessary when usdng cements such.:s
Canada Balsam. For reasons of stab1]ity in grind1ng. and as a t1me saving

/
measure, two chips were cemented to each slide, side by side. Care was

takenlto exc]ude all a1r bubbles from between tle slides and the rock chips. -

. The rock ch1ps, cemented to the glass s11des,,were ground down to a
th1ckness of approximatelj 0.7 mm using a Brot s]1de grinding machine. |
5' The ground sides of' the slides were then hand ground with 4C0, 600 and
. 1000 grit a]um1na powder prior to be1ng po]ished with 6u, 3u and Ty diamond
pastes onfsaber 1aps for oerlods of 1 hour, 30 m1nutes and 1 hQur respec-
t1ve1y. It was noted that the presence of even minute air bubbles between
the rock ch1p and the g]ass slide frequently resulted in pIucP1ng of the
' ch1p from the s]1de during poTishing . ' ,
Subsequent to po11sh1ng, the rock chibs were removed from the slidesv;
by dissolvjng the,cement’in acetone, carefullyfcleaned,in acetone with a
soft came]lhair brush, and gTued back onto-theuslides with the‘polished
s}de‘face down. Again, the chips were hand -ground with 400, 600 and 1000
grit silicon, carbide powder prior to'be1ng,pol1shed. F1na11y the po]ished
specimensiwere removed from theAslides with acetone.
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o ~ The finished, unattached polished sections, with an average‘ffnal'-

'fhfékness of 0.6 mm, were cafefu]]y éxamined'undcr the petrographic micro-

e

scope, .and suitable areas for fluid inclusion studies were outlined with

!

. a fine felt-tip marking pen.



_APPENDIX €
. CRUSHING DATA

’;

" Crushing Medium

Sample  Anhydrous  C0,Saturated

No.

. Glycerine!

Kerosen

e?”

Bar{um
Hydroxide3

Remarks

Valley Copper

vl
V2
V3
7]
3

vé
v7
V8
V9
V10

Vil
vi2

V13
Vi4
V15
- V16
V17
vie
V19
V20

v21

V22
ve3
V24

243

V28
V29
V30

V31 .

V32
V33
V34
V35

V36

V37
V38
V39

V40 .

v4)
VA2
V43
Va4

Minor
Abundant
Abundant
Abundant

Minor

Minor
Minor
‘Minor
Minor
Minor
Minor
Minor

Abundant | '

Minor
Minor

Yery Minor.

Very Ninor
Minor
Very Hfnor
Very Minor

.Abundant

Minor
Minor
Abdndant
o
Minor
Minor .
Minor
Minor
Minor
" Abundant
Abundant
No
Minor

Migor =

Very Kinor
Minor
Abundant

fas evolved

Abundan
Minor

Minor
No
Minor
. Minor
No

t

No '

Ho
No
Abundan

t

Very Minor

Minor
Mingr
Minor
" Minor

- Abundan

No
No
No
o No
* No
7" No
Abundan

No

No

No

No
Minor

No

No
Abundan

No
{ Abundan
Minor
Minor
Minor

t

-

t -

t
¢

107

Very Minor
- No

N

W™

I1 1nclusions visible

IT inclusions visible
LiquTd CO, observed petrographically
Liquid C0, observed petrographically
Liquid CO, observed peﬂrogra;hica]?y

Liquid CO, observed petrographically

a

Liquid CO, observéd petrographically

{

'Liquid C0, observed petrographically

IT inclustons visible .
Liquid CO, observed petrographically -

i
L

.Liquid CO, observed pefrogra:hica]?y

Liquid CO, observed petrographically

{

! L1Quid-coz‘3bserved ﬁetrographically

Liquid CO, observed petrographically
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Crushing Medium

“Sample  Anhydrous €0, Saturated  Barium ks
" No. - Glycerine! Kerosene? droxide3 Remarks
Gas evolved
I 1 1 Abundant " No No
V47 Minor . Minor ° N0 ' ’
V48 ; Minor _ No : No - , :
V49 Abundant No : No
V50 Minor No No L - {
V51 Minor ‘Minot No
V52 Minor Minon No
V53 Minor Minor No _
V54: . Minor No : No .
“¥55 Minor No No - E
- V58 Very Minor No: No :
V59 Minor No . No L
l V60 Minor . Minor No ' .
. , »
1 - Bethlehem ‘ e o e
8101 ,#o ‘ : -
B102 -~ No : ‘ Calcite
B103 Very Hifer lo No Calcite
- B103 No ‘ - : :
B104 Very Vinor .
B105 Minor Minor - No PR
B105 Minor " Minor Np Calcite : i
B120 Minor Calcite o
"Bl21 . . No . Calcite : -
, Bl22 - . No ' _ )
-—B123 Very Minor
8124 . No o . !
- B125 T " N0 ‘ No ‘ o .
B126 Minor Minor : No oA
B15) ! No , E -
B152 Very Minor o [ P . S i
B15S Ho o . Liquid €0, observed petrographically
8156 ° Very Minor ‘ ' . .
B157 ~ No 3 _ : ,
B158 . No _ Calcite : ot
B159 No : ' Calcite
Lornex ‘
L201 Minor ‘Minor " No Liquid CO, observed petrographically
- L203 Moderate . Miror i No : R ;"
L204 Voderate No : Ho . ‘
L205 Abundant Minor . - No
L206 Very Minor- - Mipor No
L207 ", Minor No ° . o T
L208 . Minor I No T .
L209 Moderate—i No :

L2 Minor ’ ' No  Liquid €0, observed petrogréphically

!
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. CH i [
i i ) . 'Crushing Medium - : _ ‘.
PR ) ’ ) !
Sample Anhydrous (0, Saturated Bartum
No. Glycerine! Kerosene? Hydroxide? o " Remarks
N ! : -
' ' Ga$ evolved .
L212 . Abundart . Minor '
L213 No - No '
L214 ‘Moderate : No v - .
L215 . Abundant : v No .
L216 Moderate
L217 No - ' = No
L218 Moderate ' ‘ " No
L220 Minor i No .
L222 Moderate . No _ . .
+1223° No No . L
L224 No , No C : ‘
L22% “Minor N No - : :
L231 ‘No . No Liquid CO, observed -petrographically™
- L2332 - . No . No : : . -
1233 Moderate Ko N )
*L234 ~ Moderate . No ‘ \ :
o L23s Moderate , No i
& L2366 . No | . C No L
1237 . No No :
L238 No ' . No
. L239 No No o ,
o LB?, Moderate - Minor - Liquid CO, observed. petrographically
124 Minor . No ., ' : .
Lot L2 No Ko L
S . L243 Minor - No . Liquid CO; ebserved petrographically
L244 Abundant . . No : " " -
. ' L245 | No No S
< L246  Moderate ~ No X \
L247  Moderate . Yery Minor -

L248 No ) . No : » ' RS -
- L24%- . No - No- '
~L250 - s Minor. - © W Minor- ' co : o
L251 No . - - ' “ No . v - ‘ ’ .

L2581  Moderate " No . ‘

L2= Very: Minor Moderat s :
1253 .. Einor . No . , '

L1284 r : No . o - ‘

L255 - No e No

L256 . Moderate . . No

L257 Minor iMinor S

1258 No - No

1259  Very Minor o No ‘

L260 Very Miror ~ No '

L263 Minor - . No

.L264 No ‘ No

L265  Moderate . No. ( '.')

’
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R
! I . LV
e hing Med - id
rusning Medium :
‘ . ¢
Sample  Anhydrous (0, Saturated ° Bar{um .
. No. Glycerine! Eerosene2 Hydroxide3. - : Remarks
{ ¢ N - : ‘
Highmont , Gas\:Tolyed )
v R : N,
" H302 No , No . No
‘H303 Abundant Abundant No
H304 Abuncant Abundant Ne -
H305 Moderate Abuncant No
H306 = Moderate Abundant No - , . _
-H307 Minor Maderate . No - .
H308 Moderate . No No ‘ -
H309 fpderate Moderate No Liquid €O, observed'petrographicallg
© K310 te Moderate No . # <
-~ TH3N Mode¥ate . Minor No ‘ - .
S k3 1 _Miror . Abundant No
H313 Moderste - ‘Minor No C
H314 - No Moderate . - T
H317 - Voderate Minor. No ‘ .
'H318  Moderate Minor No W 7
H319 - NModerate No No . :
. K320 Abypdant Ko . No . II inclusions visible T
H321 Abundant No , - No .
H322 Abundant No - Miror - ' - :
H323 No . No . S Liquid €O, observed petrographically
H324  -Moderate Minor . No I {nclusions visible
H325 MNoderate No .- ‘No . ~° ‘ L ,
H326 ‘No No No . B - :
K327 Moderate ° No } No. Liquid €0, observpd petrographfcalgﬁ
H328 Abundant - ‘No . No ' ' V§5 . o
H330 Moderate No  No
H331 . Moderate: . - Minor: No
H332 ®  Minor Minor - .- No
- H333 Moderate Minor v N0 . . : ;/
m34 Moderate = . . No o N e - Sy e o )
"H335 "~ Abunpdant-  Moderate o No ‘ . .
H336 Moderate ". Ko No - Xﬁhujd CO; observed petrographically
H337 No ; _ No - Liquid CO, observed petrographically
H338 1+ No . Minor - ' ) )

1 Hi pressure Yas indicator
2,3 €0, indicator ‘



. . - s T .. N . . . )
R fas.“ ¢ c - . o . - - - R . ) .
o - = S . 5 u. -, .
: Y RN 0 S o w,m-, { - 2ag 2-6'0
—~ e - a0 08 1 A+ A028 s
il s . .wd.._.iu .:agﬁyv ‘ , :
&N N .- anbede sydads : . : e
: . A "33 LADAYuE 30 : .
et - . . A1qeqo BB 4 K. $F . .

T L fu.. mco.na_.o:— . - J33ybiep ddey - ' .
R 1 ..z,....&: Tox Wwy - g1y 6°£25 515 3Ry aaey n 'S asg 40 lag us LA
t - : o ‘ b} , ' . : . .

N A : ) | S A .. g " 9°L 03 80
I " . ST ) 113 saqn w‘:E ! .@ R
T ) . T .60°1 03 BL°L 6°(2% - pue-23jeuay vy 01-2 - lag 95 - 9A
; e CI I 't SRR T 3:2 ey 2 2dag £ S
. - ’ & T ' . .
R TrO34LRY.S® P} UIPT P LOS st'L ¢ . gyes saqnd 3:2 ey, 2 - Y s-1 SA
SRR - om ST s 2rg o
R . " . Co : 0°€-5°0 lrg 015 PA
a . B .. . - N
. .mco;nct_tu«ov _ - ’ - o . )
. 3& 405 Ax1jw 003 3pj S 6L°1 y'925 mogu ALy umy -0 hg » 05 - 80 €A
; .o *SuO|Sn(ou} - . ) i
. |40 sauwd vo..Cov bmco..um . U 29ag a0 2ag 80
- . . T . . o - \/W;m I ZA
. . N L 2
. ‘aqeasnun ﬁuu:a ® . :
. b::!: 2233_: uoudju qng . . LA
‘. \ . ._.ommou T (%A
v LT syseudy 3,02 3@ m.u_cu saseyqd p110s 203¢ *deA R weﬁ {n uy) K}
. ] A31susg 2 "IN p,OR) "3 auniop % L0A toa uojsn(aug s T
... * ,. - - - -
: ) SNOISRTONI 01N14 40 SNOILdI¥TS3Q JIHAVE0ULIg , .
. e | > = ot QXIoM@ddy L . .
. P - . <
k : \.a . - ) 3 . ’ - -



112

*%l> 8lLdpAyue auey

8Y°0 .mm.mww "%L> 33L1ey auey 09 A098 L, §'es SLA
021 03 60°1 6125 1> 3jliey adey 0t-t lag 8 -1 SLA
*1043U09 Jevue|g - 5-2 - 2dag G2
- . : 4 L Aq) 9>
) - , §'2 o lag 95 vIA
. ‘ 0z AQZ8 0°2 - SL°0
- v . A - 2 Ag 0°¢ -s8L°0
215 93Liey auey
: 911 6°(25 “%1> 81i3eway dupy 5 Lag 65 £1A
T e — S SHOEFHPUSI - - ¢ - ) - .. AQEQ
buymaya sood *Ax|jw Auaa z3aen) 0£-0 1eag *lag 0'L - £°0 21A
gs ¢ng St -%0
. 015 lag 95 LLA
- . 1=0 29ag 40 Cag 25
: 01 03 .

108 352 03 A|aued 3seyd Jodep - Qg| 03 £2°( L83 $3Qn2 33 (| vy a4ey 2-0 lag E 0lA
. . S 25 S°L =60
‘SUOLILpUOD BuiMmMaLA

400d 340 3sNBI3Q SIUIWIUNSRIL .
3A{3RULWIIIIP IMBW O3 I[NDi441Q 5~ t ; 2¢aqy 52 - 50
: v . B° 01-§ Lag 572 Bh,
. .mwcu_,a : . ' . .
3in3dedy pa|eay pautyap-||ay & ng $°L S0
*a3ebuo|3 N ) ,
Al Lensn SuoLsSn|duL ydja-dodep ¢ e AQEY G217
. gl 67425 il-93tey adey S lag §:2L> 8.
Sy euwdy 7,02 3@ s3Les S3seyd p. 10 <07- ~dea 9dA} {~ u1) “ON
) A3 4suag » TIMpoLe) % dwn{op % 1OA % {OA uopsnyou] CHIEN 3 |dwes




13

‘:. 8¢°1 03 6L°L

a11aAd A[qissod

$Sycuds onbedo Savy

5 6b5 2025 31{ey A|aaey L. lag 8l .
. *33Iewdy S¥2ads .
348y 4[> Saqnd : )
A | A Ad 93iLRy Cuojsedd] . 2-1 Lag m..mn 0EA
- Kukydaod . B
z34enb 3|qejinsun A{ed213dQ 6ZA-VEA
. . ‘ oL 2ng 515 - g2A
) *Aahyduaod . . . , 22A
z3d4enb 3|qejinsun AjLesidp . - “12A
L . . AQ) ¢l
, L : ag 515 .
' : g - 0 2dag ps
h "33 t3eway - :
. ' s3ads duey "zl*
////ibwux—\ 67L25 saqnd 3Ly adey 0"1-5°0 Lag CLeE -02A
¥ §-2 2ag €s
: = *<3|pasu .
e 3} L4pAyue duey
*1OA 36C 0% S$3GND ’ .
o 1 0°€9s A|a4ey a4@g | 0> SIgnd p=-2 £}uouod.
- ] 6L oYyt v 93¢ sitley Jusnbasyg G-{>> asg 3 lag (0744 E1A
- - SN g1~ 2rg 02 - 5°0
. . 1 §-1 tag 65 8LA
TG0 $3gnd - .
1043u0 JBUBld 671 O3 GG AR a3L(eg judnbauy 0i-1 Ay {
. _ *33L3ewRy -
< » $%23dS a4ey  "4,1°0
. 5071 03 80 L v 923 djtiey SYd2ds auey 0i-t Lag (-t LLA
SyJeWY 3,02 3® - s3|es saseyd plL1oS -deaA T 3dk} (% ut) *ON
A315u3d(Q 9 “IM D ,O|E) 4 Bun[0) 4 % lOA - uotLsn|aug 3L 9| duwes
~ .

Ry
3
s



114

- . AT ¢ag vs
- - o3t 3uoy :
\ = sy23ds adey AT ) ‘ wu. £ uowwo) )
. 6L°L 67125 33tiey [eUDLSRIDY 2-1 Colag 128 - BEA
- ) . : . 2 - 2hg o
. - ) S ov= ) AOYg S ELS
SN ‘ .
R L. . d313ewidy 3uanbaay : .
40 s3uvd snonuj3uodsyy  z°| 03 FARAN 6°123 ‘Al 93ELRY auvy - 6-2° NQS S'ELs
. ‘€2 03 Sagnd , .
) 6L°L L 625 23 }1ey Juanbauy 4 g~ 915 . LEA
* 1043U0d Jeue|q ’ 2 . 2ag 40 2dag g5 )
- L- 4 lag LLs
. ) ol L - 2% 4o laq) L1s SEA
- *1043U0d JRuR (g : ‘ .N-_ 7Y 2°1s
- , TELTOS ey
-, . Pue %1°0% &3tALAhs :
LJeN %0°12° Leuoisedd; 931l . )
L7003 L1711 %€°015  -ewdy $yads aaey . g-2 2dag § Ag v23 vEA
.w_.amﬁsmc.s Al 1ed13dg N “EEA
"91f3euwdy . sydads
daed Ausp  Til» 9-| A(uowwo)
*34n3edy Jeue|d SNONULIUOIS|Q 61 L 6123 $agnd 33} |ey auey 1 2dag - ogls
*1043U0d JRUR{g : - : . 5 4 Zag 1 - 690
) . *BYLALAS A .
2[Q1S504  *3I1IN.Y _ 5-¢ A|uouwo) :
ol"l v°9¢ 9dey "0 3t |ey ¢-1'0 “Tlag £L> CEA :
, . §-2 2drg 5 g5 s
. *$303ds
d3LIewdy uvy |- - g€ Aluowug) .
- 0271 67125 saqnd slj|ey gdey -1 lag L- LEA
~ c - SA4RWIY 2.0¢ 3e s3tes - $3aseyy pLios Nou< *dea adA) (rut) ,.oz
- A3psusg - 5 t3mM p,o1e) ¥ aun|op. % 10A % (op uotsnou] azyg 3 dwes -

’

b



115

. . . . 2-1°0 2ng 05 . gyA-
_, ) 6L°L 03 pi°| 6°L25 21> 33tjey auey 5-1°0 lag 615 LYA
61" 1 v°9z5 ZL°0> 3lt|ey auey L erg pis .
. - “3GE .
£5°1 03 3ji|ey A{auey .
03 1671 K134ey 279/ 03 Alauey 315> 3314 |As CICH! '
X - 12°L O3 BL° L gs2> --ssod ‘a3 |ey auey 2-1°0 lag T StA
"34n3304y BULIIND-SSOU> 3bue] ’ . . . N .
"3uatpedb ewuay3 03 uoy3deau oy “ 2 9- b€
’ ‘ : = 2-1 ag 015 .
. ) N - »l 03 mwnsu. R
o - 12103 /1y 6°L2> _°  @%i|ey |euoysesap s-2° ., . lag 225 vHA
" 5 - 251 : 2rg ps .
021 92 %70 23t(ey auey 0 lag: 225 X7
*S34n1204y paeay Jeuwyg “%1>> atLyeuway asey . ... L . E7Y: R
: . § 9113 B ; :
- o . -BUAY S333ds auey - -
s '%G°0 dbeusay g , : ’
h 0z'1 6°£25 °  331{ey [euoyseddq 2-1 lag " o5 2vA
- . = 2-0 © g vy
. - o . 2 t - AQ) 2t
- . 021 . 67125 | 315 3TLLey aury _ L g T LA
- 0z L 670 215 atey aapy . lag oS " OvA
. T . _ ag p5
: : “(2) 23 iphyue ‘
. ) 40 Spod auey .ri|> \
: 6L L 6125 31 [ey |eUOLSEIdD 2-1 2 asg 40 lag gs 6EA
. /_\ Caew — - . - © - .
SyJeuay 712,02 3e s3jes saseyq -py (oS 03¢ “dea . adfy S u) “oN
) - A31sUag I Mop,oe) - % dunjop % LOA % LOA uoLsn|oug JzLS 9 |dueg
- »




z . - . ’ -
. L . -0 g . 015 -
i . .01z Lag 65 - 2u5A
- h B . 0, " g 2Ls
; . 6L°1 b9z %170 23418y L tag 91 Lysa
) . . .. %070 sagnd - . o
: P 6L"L 03 817 v°92> 93bley jeuoiseddp” ¢-1*0 ag ‘0Ls
| ) L - "%¥1°0> sagnd } _
T . : 02°L v°925 311y |euoisedrdp $°0-1°0 (rg Le> €54
7 ~suoysnyou} ajebuoy3 . . . 2 . g g8s
) S - ’ : R .
12°1L 03 9171 6625 33iley |euoisedsg -1 ) lag oL 2SA
- ‘ 4 - . o oo eag L5
i . £2°L 03 /171 §°625 1Z2-%1 dLey - - S i lag tZ - st
i - TR : .
12°1L 03 il 6°L2> 9%L1ey |euoiseddg: 5-2. R < lag v-2ts: LSA
. . .. - w0z-01 . S
o LETL OV 8Ll 9695 Alaaey Aladed 331qey 2 .g - 0z%
: R : ‘3uU3dN|sued) ‘a3tym : :
i ‘MNLLzp0s4 - RIS
—~ 433ybnep ordoay )
. =0S} patjiuspiun . ’
“ « v t%l> a31jeway ) .
: 8L O3 6Ll -8'8E 03 3'26 - "20(-G 83f|eH , 51 . aig pes 2054
: . | B Al S - dag 95 A|Uouwor
' . ‘8 A1auey .
- - . L- g T s toga
) . . - - - 1 . Cag g5
) 6L°L 03 51| v°9e 170 93y £€-1 C lag A1 E (328
: SyLeway 3,02 30 Les s3seyq pyLos 203 den adk) - ( up) "oN
N £315u3g % Imfp,ote) 3 aun|op % [OA % 1OA uojsn|oug - . 9218 3| dueg



. ‘ g o -5312183 .
! L e : - K1qissod 4o
R . ) i o (¢) @314phyue
. - (&) ajeydins :
; - . . : . 31> 9313wy - o . . :
: . . O TPt L2-3ALAS t901 3AAS T - . . B 4
_ i 28103 Ep' L 8°LY5 e '202-01 23bteH - l T AXg b
w . ‘21q1S}A o O T 4 Sy e
|umop Bujyoau Leuoyseddy - LT 33 japAyue duey - 09-0§ . - AOSE o> ... €S18
. - o L e S T
‘ R . .0s A0S8 2L
; .- : . 30L-§ . S ’
; B 82°L 03 Aadey  g8c A(auey Alaary "%(°0>> . , _ -
: : T v°925 93410y {ouO}SRIIQ -t lag .~ 218 518 -
o R R XL°0>> LW o g 25 lste
' ] E a T - .. - ) ) ) 5 - - . Nn>m B ) mw
"3504-9342(9) S . o s> e . 815, 0218
C 7 tisoyq 3349(®) 2 . . L= lag 8. . . 5018
: . . ) K : .
! ‘ T - C2 : BEZY BTt
LE°1 03 Ataaey [°6p 03 Al3uvy °X02 03 A(3upy %G o ._ ) . . :
22°L03 et LpES 03 Ajuouwwod\33}|eH 012 ‘ lag 815 2018
. ) N . , . . -l EEEAY: gs’
- -0 S Lag . o lotg
A . o . | ‘ y TR UEET
w Y TN . 5795 32°0~ A}y aaey ST 7Y D TC R
m : o ) . - N S FATEIRE LAg A 094
o . - L , S 60 B 7Y B T I .
; . . . i *3jeuaq . ‘ ) - . o -
: . o . T -4®d 3|q}ssod p : .
S o : a3 apAyue u.é%ﬁ/. t Asg 9is 6SA
: SYJRWIY 2,02 e ©o3les saseyd p}1os 200Y “dea adA| (nuy) 0N
_ . g - A3psusg % ‘I p,oLR) % AuwnloA - g LOA % [OA " uopsngdu] Coezys 3 dueg

v ) — ~




. u )y -
‘ i : . L 2 g ps :
© R : : o §°0v "9 82 :

— . . ) 2-1 ) lag £Ls © 1021

: | | - _ = " Sosv 9 . 1es- .

g oo - - 0L-§ E 2ag ps ¢ _

. B/ S Y A T4 22°0-1°0 33} 1oH - Sv. lag .- L 9021

o S - B : o §2-02 . aqzs ps :
- - . - : : o © g 44 R
. . : . ST T 0t o lag ity 5021

! : R *Suojsn|ou} . . . ‘ : ST -

- | 30 saueld snonuj3uods g - . : : . 2-1 : g~ 43

- : ] ’ N . €-1- © lag 095

: "Julipedb [euwudyy pasodu} 03 o : ] N : )

T asuodsas ON "3|qqnq paudlely . . 4 PR . - 1. . 9 615 021

. : A L g2 . 2ag g5 {
b R - 0L-0 lag VLS €021
i - T N . s N
: - ] L . . Cag £2 .-
. ‘ - : AN o lag §s
. , L - - - - . : sv -9 B R /172
o ! e ] o - L 0ts. - 2ag 1744
: : - A . - ‘ 2 Lo : AQ)- -6 ‘
’ . | - S . . 2065 e L _ Lo :
‘ : v9° 1L - 8'9/5. - 03 83}y Alauey > : lag - e T2
' : - - - . . . . : T :
, - . . i . . . X3udo
' ‘, : S . 0s. e . ¢Iraqy - g
; . ! ’ . : 562 03 . : o -
. M . o 12t 03 81*L  6°L2 @341®H o %2-L AR AT lag R/ €519
- - - . ) - - . — - . - - _ < - . , ; ,
: ) ’ SydewRy - 3,02 30 . . s3jes T - saswyd pplos - Cpgv *dea R adAy {nuy) SCON
* L . " A3suag % "I p,oLe). ‘% auin oA . % 10A % LOA uoysniaug - s -aldweg
. . . : - . L N : : T L
’ “ . L3 g . -




‘ - - L. - 29ag Sz
: . 1 Lag 67z ‘
B : G1-01 . lag 872 . St23
R ‘ L L 1-0 g 95 i
Co ; - 02°1 L2 45°0 dtLey S0 - lag Le .
< : _ , ‘ . - 02-51 . lag Zs 121
. . ponsssgoz ' . o ..
SLUL -~ 8Es Ay w0 g eng 95
- . _ ST S1-0 . - g Gs gy -
T , - 5-1 7 B T S
. : S oL-1 N_é €5
8L 1 92 3L70>> a3} ey _ 4 , e U8 T g
- i | _ 2. = ing 12 ‘
_ . /) s-¢ . (ag _9En 21
N - - S Zag b5
S - ; 5 % 2dag o~
< ) : 52 - lag 5 o121
. < © o caljewsy . o ,
i . ; U SuLRUb JuaNbasy . . ,
"SLRISAid aap3ebaN  02°( 03 gy 6°L25 S TR F SN LY S-L - erg 5775 ,
o : oL e - . S-En e Tz L sozn
° - 4 ag gs s
- Sz - 28ng FH
. ) *L0>> | ) .
. . - : TFQTU0 (WY 43Ul 15 v . .
. " Cs = Judsaud e3shud
I ) - - | UMOJQ patytjuaprup . . - - _ , ) S
o - 6L 1 6°L2 "TL A3t ey , Z-1 L tag " 023 8027
T swWmey - 9.0z 3 S SMES w0 osaseug prios  Zogy ¢ den - N S (TS BT
£3ysuag % "imp,oye) - % sunjoy % 1oA " g top. Yorsnpur [ azis | ajdwes
N ¢ - ) : :



g 5 g 9 .
S - 2 lag 2l
o - - _"3an3dedy Hup3nd-ssoud < \ v :
N ab4e7 "aponoea pauajieiy _ A 9 ¥4 vee
; . ) 9144d A|qissod oL :
) - ) *%1°0> sydads anbedp . .
. s . 8Ll §'92> "%LT0> Ay ey ddey Z lag 6 — - gz221
) 8l 5925 ZL°0- 33} |ey auaey 2 Lag. 6
. 0g AQEE 2.
’ . ) "5 cAg §'e5 . 22
: - o~ - 10 2rg g5 .
; e -, £-2 = 9 8l c
L lag - 2 el
L . - 2 Zng ‘g5
_ - . T - 2-5°0 Lag e 0221
Ll 9°92 3L°G 9LLeH - s . lag € .
. ’ . "33144d A1q1ssod. , .
J}33ubew-uou sanbedp £$%23ds anbedo auey §-2 eng ys - S
] - 2 lag - 6 6121
: N . ® - £-2 : 9 £2 _
_ ~ 2-1 2% 9
o z . Lag .6
: ; , ) £-2 o lag 6 -2l
. . : - B L 9 . 82 -
TUOLSNIOUL U} J(QySLA S3a(ondeA 2 : A 1°0+2 9 Al
: - . *93114hd L|qissod - .
. . R - , - te 0> Ssydads .
*d}3aubeuw-uou sanbedg — anbedo juanbauy 2 2Ag 95 .
. B : _ 2 L _ 9 sl
: , 2 . 2-1 lag 9 STV
. Sy4eudy 2002 3¢ s3|es Saseyd pijos 0oy “dea adA (" uy) ‘oN
= R i A3psuag % "IM PO % dun|op” % oA 3 lop uoysnou] az1s 3 duweg



[ - .
— M » N at
— - -\ . 2
~ . bA ¢ag 65 N
— , A - _ 2670 (&) IraLhs / :
- . i : ) o o ‘%{°0> " enbedo Lok - ,
Lo "33ALAS 26701 12670 (¢) a3 .- . . .
: e 921 f33L1RY %£°22 ceway ZLT9YLLRY . 1 ’ AXg ot ’
o * I - - 5-l C - lag 0zs 8e21
SRS - . . - 0L 2ng y
. : , $-z 2ag . — s
. . . ) SR L _ lag -9 g
T e ¢ e ’ S S S A% B 21
24 L . .
# ’ _,0 . Sl 2hg . g
- 2 e .00 2ge 8. g€l
* - . 0 lag 65 :
- s - 2-1 9 ve
. ] . . H : . cag 8
. - - , €-2 _ _ ‘ v
., Lol gt 5 ogs 3 {Ry {euoiseddp 01-§ -lag: 2l rAXA
- , - . R
. R : - o i (¢) @v1add x1°0
_ . . . 33Lalhs g0y 133ALAS 310> N N .
JEEN S <02 3aLley 307125 tayiley x(-Q> 2'0 . Axg 9t
e "3uaypedb |ewssyy pasodw; . i e o . .
03 3[ondea 4o :o:udg oN - 1T g0 : . AqQ) 9
o8 *$3un3oedy bup3Ina-ssosd Bbueq . . T g 31
. a . L ) . %G~ sagnd ,l ’ o . .
AT CoT - R 0z°t £ tvp> atLey (euotsesag o 1-5°0 clag - s Le2
- : . e ! B - 1 -
_ : S o , 01-8 . éag. . g
_ . : , : §-§°0 - Lag 95 s221
| - syaeway J.02 3e ,  s3Les saseyq pi(os ¢00¢ dea . - adAL (% up) . ‘ON
- o A3isuag. % "Imop,3ley % Jun oA % 10A % LOA uoLsnyoug AE-T U T 8tdueg



122

. i
m _ . - , . (9313019 . )
: T : . - Alqissad) ajtzeway . - e, e
: PR . o ‘Kpaaea $a3ia4d : - __— T S
- . K1qissod tg(Q o 35A4oouayd - - i
. o . anbedo {euo}seID( . - Zjuent
6L L0 LUl - eT7es R I -1 Axg, do 1Ag _ 621
| ’ st . g -
: A = lag ) 8v2
¢ N
. wnfﬁ ° =2 -~ N>D- /——.W .
A : - : : : AT erg T 63 ) :
d — . . _— . L : , lag TCIRA N 72
, : | sz ., a8
! . et S 01§ " -~ & g | 65 o
d . o ‘ " o Lo B Nt N T2 5
| M , Y TE I g gs .. .
! oo - .7 oL 7 L ) e 5 $921
, . . . =140 © - 29ag 95 . :
: . . ~ . - 2 ¢ag g5 : .
i . . - 250 . lag BLs 274
: : 2 ° ©Aq) Bl . .
) . ‘5 ag £s .
N ) 2-1 ’ ~n>m. 9s ’
. - o : . . Al S . lag 9 v
’ ) . -1 "\_9 5¢ __ .
. : B> : o S o ’
0271 03 yi°1 67425 4 331wy teuoiseddq 5-1°0 tag s 74N
: ™ - ‘ sz - 2ag
. , o - b 2%q) - -
110> - . %
6L 1 v°92 33p(BY |euoyseIdQ —2-1> lag 0v21
2.0Z 30 s3pes saseyd pi(os “dea T adk] o« N
A3}suagQ % 'IM p,oLe] % ‘swn{op % [OA uojsn|aul 9 | dueg



123

o \:
i .o ] 2 g, S 5
m Iy : e 02 9 \\ £l
m , 8L - by - lag v - :
“ o : £:€°0 Lag , 8Ls €521
-7 i » L
e . g . Fooe - 2Ag £5 -
. : c S £-2 - g st 2521
- . .o , _ 21 /g 2
'’ : . . 2-0 L 023
: . E 7 M <« v Nl_. ’ ‘. 2 4% -
| - R 5L Ag 4l °1521
- . B §-2 T 2dag £5
_ . = L D e .
o .. L lag b2
m . 224 03 12°1 91t Lv A(OH .o Lag g 1521
— VJﬁ M . -
.o - > _x lag ~62 U
; . L€ lag L z3jaendb
m . ° - A-5°0 * g 5'gs 0527
e T - - N g 25 ’
T . < 2 2dhg ot .
R , S 2 9. 89
i £°0L @314 %L°0 d1tAlhs . . _ . _
. K £2°1 197 (2 dIFLeH 12570 I4LeR 1-6'0 lag ¢ 8t 0521
° o, ’ - ) uiaa
L .o = L T g 65 z3aenb’
; - , U lag 6 6421
' - \‘\ ‘ T - .
i ) . - . - . asAkadouayd
. . ° » oL ‘ G-1> lag 2 z34enb
; ‘ 9815 £°985 . 20(5 314 (0H oS-y lag 0es 6v21
T 203y 2.02 7e S}ES - saseydoprlos  20v © ‘dea 3dhy ( ut) “ON
- A31suag % "INp,2{e) Z3WNOA . % LOA % (oA uojsnioug azyg 3| dwes
- . . L A '



u , . _ - { 2dag MY
- “ . . L A %1°0> 93 13Ru0y 340y . . _
_ ‘EETL 03 6LV v vys 1615 aljLey auey 2-1 lag §'sr 20€H
<t - : : .
N u ) - . . . - JUOWYDTH
. ” ‘. : .
| . S . g 9
: ” ; . , Z-1 lag 65 _
: w - S - T 9 ol 0921.
i . ~ - i : . .
i ) - B 52 250 95
: ~ S 4 a ot ag 9
' ‘uojsn|ouj sse(b .:5:_.!.\ 2, . : i - c
T T3(QISiA uogsnduy pinLd T - S o . - 20 9 91
i 02'L o3 EL" L - 6°L25 %5 aptey auwy S-1. lag 0zs 6521
R : . ' e, g 9
/ R : Z lag .6
i h : e ‘ . l (&) 9 . 6°61 8521
I : : ’ x S . L. 2hg 2
‘ m X . . 89 .. Lrg 525 .
v - ) - : : 2-1 Lag £l 1521
m : . T Y, AQ28 ps
C 3 . . 5 2rg b3 . :
ot . . s R 5-2 - . lag oLs 9521
_ _ . . - - $ 2ng - (s ,
. - 1271 03 6171 0762 2e-1 z_qu L L 2dag 65. .
i S : S = . .
. 127103 81" L"62 < 931y juenbaay - . FATU lag 515
. | - ) : ) N 9 St 188
AU . - . - - : ,
T . . -1 m; €
R TN . . - . . 2-2'0 _ Ag vL -6 _
‘@ : ) i 4 1 9 8l ¥521
-l“ R B — ~ i . d . ‘o -
| SyLeuay 2,02 310 | s3les S9Seyd pios v 202Y “dea adA (nup)o .o coN
0. fgsusg g “Imp,d(e) % wn (oA % 10A % 10A uogsniouy’ azys apdwes
] . . A ]
m . 2 - R .
o = - ) .
.' . . : - ' N ms . ‘ -

e



I

» . " ) : " 60 ° Zag 9 .
3 : - so - lag Iz 9LEH -
M . - . : S0 e " g 615 SLEH.
[ T L . g 9> -
! : _ 0§76 2-1°0 Ag) o .
_ . . 202 } . . .
. : 03 () 934013 ey ot axg @
2 170> ajIeuay IR,
| ) Q2L 17628 AL LR “ L Lrg 8s PiEH, -
| - : _ ' : A
M ] 0L-0 29ag 4o 2ag €1
! . 2- Lag L ELEH
fen — :
i T st : Lag §€s 2UEH
. Lot 2 A LLEH
! - . s-1 lag g _
i . : 6L°L ° %170 33 }Jeway St A4 AqQ) S°E . BOEH ~
_ : R S g PAY 80K
m : . . . oL-s lag 2t 0e0
i ¢ . 10 T 2ng s
i uopsnidul auo Ajuo up- . . : L
| 0z'1 592 31QISIA’ 210 3L LeH 1-5°0 lng pes ™ 90€H
_ ; , _ L o g es ;
h C S -t tag 95 YOEH
_ B L 2L g 85
» 61°1 L1125 T1> 3lL(ey auey 210 T tag 91s EOEH
. - e -
- syJewdy - n.voow Je s3tes saseyd piLos ) 207 ‘dea adky (n uy) ‘ON
Asusg gz "Imp,3le@) 3-8wnlop - % 16A % LOA uojsndug 23 3 dtdwes -
: hd 7. - . - . ,.r
: q . P 1 .
E nv . ’ ;
- } -3

K

4



.G ‘ fAg 52

, 14 2 AQ) g
o - A 20 : eAg Rz (2EH
[aN] : . -
— - —u -
_ UL 03 8itt 6125 3oy Aluouno) -1 _ ag EE ,
82°1 03 p27L  8'8¢ 03 g'2¢ 01-G 331 |eH . L Ag Ty 92¢H
_ . ; v . 115 3143003y auey g Sl g 955,
15> aitley adey : ’ : . )
) 6L°L 03 gL L'EE>  "2070% 31 13eudy adey s lag G ps S2EH
. N ' - . 0 erg S5
ZL°0> 33138uway auey . .
£571 037/4€°1 6799 03 §'6y "207-02 33iey 2-1 <ag 9> -
: : . ® S-1 - lag m»w . bZEH
*aded m:o*m:_.uz_. ma%u >nu \ - Ot § AqQ) L :
' 3G 03 Aladeu 10 ' . .
- EE°L 03 A(advy  ypps K|aded diL3ewmy G| 03 :
. : £2°15 ‘872C ApleH  Aladed ‘3G 33} [ey 2-1 ] ing SLs .
. c-2 lag 5 £2EH
. . . 2-1 . cag 6 .
ot-s -~ . % lag 83 L2¢H
- . . * -~
. - : , L , lng 2 - 0zeH
- S s
_ . ot g " 52 6LEH
, 02 A028 2z
Co. At . .
3jt{eq AQuowod
. t2l70- 33tiewsy -0 lag vs 8LEH
) 0 ( )
. ) - ﬁowﬂ L R S LIEn
. . EI -~ -
s4deway 2.02 3@ syLes : ISeYd pr1os 203v . “dea ’ (v vy oy
34SUBG - 3 "3m o p,dje) Ag«RLOA - oA oA 82)8 3|dues |
\




127

. " g 2Ag v
Z1-0> 9113eway duey  0G-0L - g-2 o Ag) § (5
) 5-2 tag 8 LEEH
. ] - S N e 29aq) 568
. %L (&) 33paphyuy L Asa 2Ls .
X 3 -1 ¢lag v 9&EH
- . - Z . lag £s
. i A 5-2 2dag 5'2s
e e lag 6 - SEEi!
: p . Csr g 525
.wp.ov, 93 }JPway } - ) .
6LL 03 gLy 5'62 : 12-1 911eH l - lig v YEEH
3 13 ’ N . . Q
g ¢ag S€5  CEEH
\ A 2%y $'25  zeeH
o 058 2gsg b5
, i ) S1-§ . - g b3 OEEH
- . B ST 21g 5'gs
- UOoLu0D ) N .
V2L 8 2¢> 15> 53qnd a3y ek §-2°0 ~lag 52 62€H
{57103 82°L '/ 03 greg 106-01 9312 o, -<ag 5
_ . 10~ 93Ld :
- TRURY duRy (s ) . .
b d : S1°L 03 201 6725 . 9ley S{uouwwo) 0L-§ lag §gx. 82EH
. - . .
. SaJeway 2,02 um S3Les Saseye piosg 2o3¢ . “dea -adA] NS ‘oN
. . © £3Lsuap = 'IM p,ole; % dUWN|op % LOA % {OA uoLsn|ouj ATLs - 3dueg
y - ,



———
i ' |
0 ,v -
- ‘ )
qE 2rg SN
. . : . .2 tag 12
%1> wnsdAb ) '
40 3112120 d4vy 2-1°0 ASg gt ObEH
N , _ _ .
0t 2 . 93
R_— 2 lag” ol 6EEH
5-2 T g 5°¢>
522 24g p>
21 o 5¢
. S1-0t lag g1s 1
SYJewdy 2,02 31® sjLes S3Seyd pLios 209¢ *dea T adk A .
. , ¢ 1 (n uy oN
. A3ysuaqg I "IMp,o(e] % 3unop .2 —o>,w % LOA - uojsn|du] wﬂmv - ? | dweg

.~




129

9°5-

. £°62 . - lag
: dtjtuioey pue £°9¢ 1°9- 03 6°G~ __ lag o :
’ 7 o13poyaes dALSeAL3d  ['p7 03 0l- 03 g'6- £ 2dag 91LJoipouruy eplesyiag LvA
o _ 2752 gp- 0y £ry- Irg o -
.o L dlituioey. pue |-Gz &3 0’62  0°{- 03-/°9- ) tag - ; .
: - YT, ORIEDLU3S dApseAday 962 0°g- £ lag- 93140}poueag epiesylag OpA
"Je6°S2+ 3® pazjuabowoy 207 prabyy: , , . .- AQ)
. S ~ 8y L8- 0} G'g- © o lag
’ . S R YR INE T ETY 8'v2 £°8- Q1 2-g~. S lag utaa zjaenp SEA
] T "248°9: . 2°S2 ' §'G- 03 prg-’ . Lag. _
_ 1R PaAJ3sqo Buy3jaw jey3iug ¢'52 03 1'62" £°9- 03 gg- A lag. utsa zjuenp 0gA
: $°62 03 ¢°62. m“m-.Ou 9'p- lag 331404 pouray epiesyjag
-~ . uw.u_.Uwme/w>*mu>LwQ v°G2 03 £°62 9°G- 0% Z'G- VA _.>m \m:_.au:o \a_.w> NuL,ﬂDO 02A
_ b'SZ 01 €762 . ['5- 01 /'y Lag
o LT 9762 [ag
JLIEDLU3S uLap 9°52 03 mwmw £'p- 03 3¢~ t tag - Utsa zjuen) 6LA
- '67£2> pue p 9z< aq Isnu o 258 . 179- 03 ¢'9- lag
1o £ 34613m 3nay  -awn|oR - €52 03 T°G§2  8°g- 03 g-g- - ~ lag ) '
31> LR3sAu3 33) ey aqisip ) ¢°52.03 ['6Z  6°g- 03 9°9- ‘3es - lag o
’ . - 13121435 ujap 8 b2 573~ . v R {ag uiaa z3denp LN
\\l/ u..u.__.xno..&/. 8:vz o Lv2 976+ 03 076+ ,F “lag 33}40}1pouray epLesyyag ..‘.
. 3'§2 6'8~ 03 5°g-. ‘ lag
. . S'S2 93 €°52  0'9- 03 grp-s )
0°'s2 o6y £ lag ULaA zjueny LA
B - - 13ddo; L)
T . — 7
SIuauwo) 8dA} uoijesalyy ~3ULRALRLT _ (9.} -duway pe3say adh) adfy yo0y oy
1Jey 5 M buyzasay *ON UoLSn[du] . s 9| dues.

x

AITIVA GNVIHIIH 3HL WOY4 N\Ego NI SNOISNIINI aInt4 40 S310N1S WO¥4 viva INIZ33y4

T

-3 XION3dy . o .



L*62 03 0°52

. 0L~ 0} §°9-
st 179-03 0"9- 403 -~
276703 1°62  6°9- 03./°9- A ’ - .
S~ : A Y/ 9°9- 03 pr9= v g - w04 a3papdes-zidend Loz
- Xauio7
= 9'52 03 p°52  €°S- 03 g'g- % lag  upan 3142}43s5-23.4000 95 (g
‘ . : E . o Ways [y39g
214 tAyg pse - 1°G= 03 £'p- L lag utaA zzaend  ggp
AN . 7°S2 03 252 0°9- 0} ['p- lag - L
It [ 1Ay4 5762 9'b- 4 v lag -33}40tpouedy epiesy3ag - LSA
7 e - lag
- - - 6°%2 ” Ll . :—>m S31401poueay epjesyiag
- 31552304 6°v2 6°¢L- £ lAg but3ana uyan zyueny  pgp
0°'S2 03 6°v2 .£'[- 0} py- lag
d¢ssejod 052 L"L- 03 974~ bag -
YItm pajerdosse 0:67 §°L- 03 pry- lag  a3j40tpoueag epiresyjag
313401435 utap 0°62 vL- v lag But3Ina uiaa z3aenp LYA
LuoneziuploRy. -+ - 05z T ge- 03 goy- lag * 33ju0ipoursg epjesyyag
. 9ALSBAUIY 2762 8'9- 03 £°9- b4 _>m ~ByL3Ino -uyaa Z34en) ‘SHA
: 5203 0°52 bs- 01 6o , Lag A_
S13121u3s upap 26z 031 1"s¢ 6°9- 03 £°9g- e —>m JULaA ~u...gc, 1272}
: : 0752 . G- L lag, ) :
uwmmmuoa‘ $°62 03 2°se £9- 03 £ ¢- 2 lag. - 83}40}pouruy epiesyiag €vA
RPUETTTT ) wn.@ co.SEme u:w_f:&u (Jo) 'dway paisay m,n.b. adA| xd0y \.oz
: LJeN % "1IM butzaaay *ON uotsn[aug - 3| dueg




131

1°§2 03 0°52  0°(- 03 §°9- -« lag
, sz 6'9- (g
- 0°62 €°L- 0% Q- (-. lag : .
v ("s2 8°9- 03 ¢°g- : lag  93p404p 23uend euaaxs
d¢ 1Ly bay 1S % 9°9- 0% g'9- G- lag - bup3zno upaa zaenp y121.
. - - 0°52 03 6'v2  6°(- 03 9°/- “lag :
. 6782 Lg- “Iag . .
: £°S2 03 6°52 £ p--0} z-¢- Lag :
- $¥°S2 03 £7°62  §°6- 03 8- L ¢ lag . end) (20
€6 . 8- ‘Lag ‘ ;
2'52 * - £°9- 03 2°9- - Lag ~ . .
. 3T AL lag  a31401p z3uenb eUIINS
~ - : 3441164y £'52 L'G- 03 GG~ t lag _6uj33Ind upan z3uen) oz
. ez IR lag _
. . 0°52 5L~ Lag L :
6°¥C 03'8°9Z  §'8- 03 ¢'g- £ lag Uaa 333 (e3-234en) §021
£°52 03 2°52~ p°9- 03 |9 ! _ lag ,
0°62 01 9°92 /- 03 (4~ Lrg ;
- 952 0"t~ 03 6~ tag A o
. . - £°52 £°5-03 9'6- lag 4 ~
21 1Ayg 252 g°9- K Lag 304 3310}43s-2348nY L0271
. ~ 0°52 5 (- L lag UpoA 33pd(ea-234en) gz
. L'S2019°§z gg- 03 £og- g . .
o J'62 yTL- Q) gy lag
" O}L14Y4 r"se - 8°9- £ lag UL3A 3313 ®d-23aBnY | g(21]
. e bL- 03 €745 Lrg .
2°62 A R lag - . .
. 0°52 03 8'92 ¢'g-.03 274~ € ~>.m X204 3310143S-2340N0Y 2021
 S3udu0) ! adA | uotjedayly ucm_,n;_:ou (2,) -dway paisay onxh 3dAYL ooy - -0y
) ) : ©OLOeN. % "M buyzaaay ToN . uogsnidup o

9 dweg




0°5Z 01 6°p2

8°L- o3y y- - lag ,
: . o 0'62 03 g:¢2  .g°g- ow,m..ﬁ. lag : _ _—
< 4 _ O43414doay 6°v2 - - 0°'8- o€ lag  234401p z3.enb eusaxg ov21
S - . 672 03 8°2  6'y- 03 g-g- lag
] 842 9°8- lrg .
213} [Adody. 6t . 8- 0} £¢- £ “ lag 33pdop z3.enb eusays 821
) *SuoLsS - - . . i
-:MUE bujujezueo 203 uy o2yg - ) _ .
€0 JO 3dudsaud ayy 33434 - £°92 6°0+ 03 g 0+ .- lag
| Aew saunjesadway bupyisw Wiy £92 0°1+03 50+ 4 -lag 83 juozuow :
. M3Hkdoad  gogg 206~ - T g - lag Z34enb epresylag Zgzq
£'62 03.2°62  pg- 03 |G- lag B ,
. ) €92 03°2'p2 6°21- 03 97|~ “lag -
. Lv2 Lot~ 03 p°py- A lag , :
. Se ) 342 2'3- 03 ['g- v o odag | - MAp Ady g2y
’ - §°52 £y R lag S
: . , 2:52 - 59~ lag -
o : . - 8's2 6c- 03 £2- - ¢ Lrg . ndeny 77
-~ - 152 03°0°s2 £~ 03°6°0- Ing
Ry - 2'S2 03 0°62.- p(- 03 g9~ lag , ) .
- T 6°h2 8°L- 03 97/~ € lag upaa zixeny g2
’ - y - .
~ . . . ) " UL3A 331dpdas
0°s2 A A lag S91pdLed-zIuenh 2227
- : . 0°52. 2L . Lag : _
. e €62+ '€°9-.03 ‘9~ C lkg  a3pu01p z34enb eUIAYS T
. IHLLIbAY  9°6z 03 5°Gz . ¢rp- 03 D%~ £ lag: bup3Ind. upaa zauenh 229
S 2's2 £'9: 03 'g- - lag B
. ‘ "§°62 03 p'G2. 6 p- 03 grp- _ lag , N
e 3} 14ug 3tz T lag Upaa z3uen) g2
A -S3uaimoy .wnxﬂ uoijeudlty ludjeapnby , Go.v ,.aEw._.. pa3say an,&. . ’ 9GA) yo0y Y
i - G.wz. % CIM buyzaaay ©CoN uojsn(oug 9 |dweg

~



- . . . ‘ AL TR A EE . lag .
- N . 0°62 1"(= 031 0°¢- : lag . IsAud0uadyd zjuend
- - ) . . - . . e . UL3A Z34enb 4q
. dHtAUd  2°92 03 1'S2  §'9- 03279~ g lag _am Aikydaod zuenp . (527
. m cN ) 61~ T ’ - _.>m .o .
0'52° 9°(- 03 G/~ . lag ¥4
0%§2 03 6'v2  6°¢- 03 §°(- ~ ¢ : lag axkp bé&g den) 0620
‘ . . B £ p2 p2L- 03 2°24- -  lag W ashusousyd zyaeny -
A —~ : ' . . . ) s E %204 .
- S : . . S92 03 9°v2 9TLL- 0 g g “lag 9_% A4fydiod z3ueny  6p27
) . o ) . 2'sz . pr9- o  lag N
— , 2°s2 v'9- T lag © 331404p z3enb eudays  pz9
: L bz 8tlL- 03 £ |)- 0 lag _
. : - AR 7S £°€l- lag - - .
, - : 22 S L72l- 03 972 lag . _ .
s _ : FART CEl- 03 £77)- . oolag o o ,
C 1 T 21341 Xdoy €52 1s- s lAg  s3dotp z3uenb weasys  gygq
5°52 03 ¥'52  Lp-03 1'p- P ang :
- - . _ £°v2 : 0°2t-+ .- : 4 2%g : =
213t1hdoad  g'p2 03 992 ¢0L- 03 |°g- - : 1A @3p404p z34enb eusdys  pyzq
. A S , g5z £°5- 03 9'g- lag . .
_ €92 §'g--03 z'g- . Clag oo .
- i : 3341Adodd G 9z 03 €%z 3°L|- 03 6 o= - ¢ . tag - 834401p 23aenbd LELC N S 7 A
"6°£2> pue 79z« . v e T - lag .
3Q Isnw [JeN % Jybiam anuj o 8'v2 2°6- 01 0°6- - lag - :
TLOA %[> LRISALD Aypyey 3191s1A . ey, »oLte- "3ps lag S -
2134 |Kdoay sz 8¢~ 03 /g- ) (&) lag - a3puoip z3uenb eusang  pzq
: mucm._E.ou 3dA] uotjesay|y .pcm_.mi:,cu (20) duay p33say) adAy " 3dAL 30y “ON
N . ) LJeN & “am Buyzasuy oy uotsnyoug . 3{dueg




134

aw

w nu ! S - .
: ey - 0°53 2 (- lag :
. ‘ ) : TN 6°9- . . g :
. .- 52 0°tlL- R lag - ,
) 252 2’9 W lag BID034Q JLURD(OA T g2€H.
. . ) a . v'62 0°5- 03 9°p- ( 1A, upen :jojaes-ziaen  Tyien
; - A 15z o 9°sz g~ 03 g- L v lag. UpdA z3dend  9ogH
. A _ - DOHUIAUG 979201 2°92 1o+ 03 [ l lag - UdA zyaend  gogh
.o _ - L © . Tuowgbry
. - : COUAMLBAY Cptgz g tge o L- lag  o3paoip z3uenb eusaxs g5z
= : P . s, o . . t . - . o ’ .N. _
) < ; S 652 £7Lm 03 gofmn - L lag N
: . . 0°sZ - Um0 0t S lag  331401p z34enb euaayg
oo S , 7 dLLbay - 062 - S (- U £ lag ~BURIN3 utaa z3aenh 4627,
' B N ) . . ) D ( v :
SO T 0°S2 03 6°92 /(- 0 974~ - o lag- -t - .
, S : a : S - N 7/ 16 “ e lag : S
i < O} Ltibay . 8've 88~ € "~ lag 33H40Lp Z3.a0nb eudaxs 921’
. ’ , T a S . s T ) e ] (3sA420uayd z34enb) .
e . . - . Gfud | g2 -0 5Ty Lag Aihydiod ziaeny 6527
. - .- N T s L - . .
- - S . : otz G 1 hg :
. : : : . 6" %2 8'4- 0 {°¢- lag 3s4A420udyd_zaenp
i - ' P ) k i . e X504 .
: . o : . £°62 . 8s- £ lag Nhp Aifyduod zjueny €527
T . ) o 2°s2 sl.mm. £79- 03 'p°9- ’ - lag : ) :
o , o ) ; LT el 0°5" - vL- 03 goy- o _>m ¥shudouayd zjaeng
. ) - . - e \ B - %204
) B ) 692 - Lt £ - lag 34Ap Aghydiod zyuend) 2527
L — . T : : B _ ; .
° SIuaWwWo) - adf} uojieuazy - Jud{eAnb] (Do) rHway pa3Isay TadA) adA] yo0y ‘ON .
. . T - CLJRN 2 OCIM bujzanuy T TON yoLsn|auj R 3 (dweg
% - L e - R .
- - I : - -



‘4 —- .I N B ‘ l\
- . -
S N 1 : \ N h
. 2 : - M u
.. . . .. . * R
l;-. [N - ’ B
N . ) 1
- I:; P . .
. o - 2R 2°9- - g~ - .
. . 2°62 5 9- trg
& . 262 . §'9- o bg .7
. . , v v 3 Lt~ v » dag, Aakydaod aka-ziaend  OpgH
L o 202 0'6- g L .
o 341146 9°52 9°(- 03 G- lag - : . /
) . L ObLLE x< = 062 . /mmu € . . —lag »93140Lpourd9 eplesyiag SEEH
= - 892 03 L'v2 276~ 03 6°g- L lAg - 23140ipouesg waya[yiag - geeH
.- . . . — ) — . - -
. . - m.mN. .o.m: 03 67°¢- L lag - BEID34Q Djued{op beeH
| Swewoy adk] woryedsyiy_. 3udreainty (20) "dwal . pajsay adky C 3dA) %20y "oy
.- . L8N % TIM Buizaauy "ON  uoLsSn|dul- B . aydues
A * v
. . P - - * - ' -
m ) : -, . N . - ) -~ b v



! ‘ v
y "5" . L
. APPENDIX F
HOMOGENIZATION TEMPERATURES OF FLUID INCLUSIONS
. _ J
mple Inclusion Homo. ‘ ‘
0. Type o Temp. Comments '
B [ YK o I
71 Bvo 130.0-131.7 'Quartz.vein. !
Bvy - 134.8-135.3 » : |
S .
17 Bvi 143.3-144.7  Quartz vein. Vein sericitic alt.
- Bvpp o 149.3-150.7 - |
‘Bvp2 135.8-137.0
9 Bvpp 132.0-134.0  NaCl cube, 1% vol.; did not dissolve
Bvp? ~ 146.0-147.5 at Th. o .
.vaz , 157.2-159. Q" Cross-cutting quartz veins. Vein
Bvp2 - 135.8-137.5 sericitic alt. : v '
Bvp2 . - 130.5-132.0  NaCl cube,- 1% vol.; did not dissolve
va? ]52'8-]54'7f at Th.~ . . |
- t ~ . .
0 Bvy 161.2-162.7 Quartz vein cutting Bethsaidd Grano-
. BV 112.5-114.8  diorite. Pervaisve sericitic alt,
Bvj 124.2-126.0 f o
Bvy or pp  137.9-139.8
Bvy or'pz  117.8-119.2 °
 Bvp . - 140.6-141.7 -
X By 172.1-174.0  Quartz vein. .
BV 142.2-143.8 o :
Bvp2z . 128.7-130.0 - NaCl cibe, 5% vol.; did not dissolve
, ‘ _ - at Th. ‘ .
i BVl 147.3-151.0  Quartz vein. Vein sericitic alt, -
By 149.3-150.8 ‘ N
Bvp2 176.8-179.3 .
Bvpz . . 123.2-124.7 Bethsaida Granodiorite. Pervasive
Bvi or p2 - 129.9-131.3 . sericitization and kaolinization.
. By © 115.3-116.7 a ~ .
Bv) '133.2-134.5
Bvp2 137.1:138.5 - _
By 128.0-130.5 Quartz vein cutting Bethsaidd Grano-
Bvy 150.5-152.0 diorite. Vein sericitic alt. cutting .
 Bv 1]7.0-113;5 potassic alteration. -
BV 116.0-117%5 - o : -
Bvy 127.8-129.2 | ", 1

BV 121.3-123.0
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Sample  Inclusion  Homo.

No. Type Temp. Comments .
- . - t
V45 By 224.6-226.8  NaCl cube, 1% vol.; did \not dissoive
Bvq , 206.8-208.6 at Th. Quartz vein cutting Bethsaida
Bvp2 | 158.5-161.0 Granodiorite. Pervasive kaoliniza-
Bvpz ~ 178.0-179.5 tion. |
| Bvpz  217.5-219.5 ‘ |
va7 Bvy 233.8-235.8  Quartz vein cutting Bethsaida Grano-
Bva * % 137.5-139.2 " diorite. Vein sericitic alteration
Bvy ! ‘117.3-119.0  cutting potassic #teration.
¢ Bvp 127.3-129.3 ' . : .
, Bvyp o 127.3-219.3
Bvy - -138.3-140.0 |
AP | : . oo . /
V53 Bvi(?) 121.3-123.0 Quartz vein. Phyllic alt.
Bvpz - . 159.4-160.6 ¢ ‘ ! : ]
Bvs | - 125.2-126.6
. - Bvjor p2  148.2-149.5 T
_ Bvp2 _ 131.8-133.2 L
' © Bvp ' 112.2-113.5 ‘
Bvy(?) 125.2-126.7 . . :
. sor . : . S . . ’ ’ . - '
8156  Bvp 118.7-120.2 Quartz-sericite vein. - [
o {
L201 Bvp - 136.0-137.4 Quartz-sericite rock.
' Bvy 120.0-122.0 - :
Bv) 144.6-146.7
" Bvp 127.0-129.2 = .
Bvy 130.3-131.8 Y .
Bvs 147.8-149.3 .
- 1204 . Bvy ~ 132.0-133.8" Quartz-calcite vein.
- Bwy - 132.8-134.5 - - \
8wy 137.0-138.6. . S
Bvp 130.0-131.9 ; '
Bvy - 125.5-127.2 3
Bvp2 . 141.5-142.7 i
Bvpz .~ 139.0-140.6 ‘
! ! . ' . N ) .
1208  Bvy 138.5-140.0 Quartz-calcite vein.
. Bvy © 13628-137.3° A
Bvy - 124.7-126.1
Bva 136.0-137.2
Bvy 118.6-120.5.
Bv2 © 162.6-164.2

Bvy 206 .0-207.5

o .
‘L.



g L.138
\
5 ‘ ' -
Sample  Inclusion "Homo .
No. " Type .  Temp. Conmhents
' ] - , . o » . \.
L214 - Bvy 160.0-161.3 - Skeena quartz diorite cut by quartz ' .
, Bvy 133.3-134.8  vein. Argillic alt. : v
BVt 196.2-197.6 \ f
Bvy . 208.2-210.0 C o
Bvy . 155.8-157.2 : .
o ‘Bvj 156.8-158.3
.. B2 ;1260 147.6 |
- 1220 Bvy ~.]33.0-134.6-~~&£eenq;quartz diorite cut by quartz
o Bvy . . 143.2-144.6  vein, Argillic alt.
Bvg - * 123.0-124.9 e v
By o Ni20-1M42 - N
. Bz ne.s-t0.2 - | L
L238 Bvp2 - ' .129.8-131.3  Skeena quartz diorite., Propylitic N
A ©116.0<117.5  alt, O
' Bvpy 0 129.5-131.2 .
Bv] . 130.8-132.3 -
Bvy . 143.2-144.5
Bvy or p2- 144.5-146.0 . N
BVz T 147.2-148.6 .
Bvy . . 178.5-181.5 ° o /.
Bva(?) . 107.3-109.3 ' , Ao
v 147.8-149.2 -~
Bv] 154.8-156.5
BV . 155.0-156.5 . e
Bv2 124.7-126.5 NaCl cube, 2% vol.; did not dissolVe
at Th., = : e
L243 - Cov ¢ 214.5-218.0 - Liquid €02 “homogenized |2 ‘
* By~ " 128.7-130.8 “Skeena quartz diopite. ' Propylitic
| Bv . 128.3-130.0  alt. :
~ L246 v, 144.0-146.0 L Skeena quartz diorite. Propylitic '~
- By, - 146.3-148.2 " alt. = - | -
Bv] -141.7-143.0 - . ) .
Bv, 172.0-173.8 \
Bv) . | 142.0-143.5 -
sz 142.7-144.2 -
Bv5 - 150.8-152:6
BV 154.9-156.5 . : -
) Py , R . - . R .
L252 Bvp 139.9-141.3 Quartz porphyry dyke rock.
| Bvp2 1139.8-141.2 . ST
B20v>V '290.0-292.0 o
Vp2 205.2-207.77 \
! o ~ 1
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Sample Inclusion Homo. S
No. - Type« Temp. Comments ,< :
. y - )
L1259  Bv 1162.0-164.1  Skeena quartz diorite. ArgiTlie
BV 143.2-144.0  alt. -
Bvg 143,3-145.0 !
Bv 161.94164,0 "
B30y 213:3-215.3 |
H306  Bvy(?) | 127.9-129.5 Quartz vein. -Phyilic alt.
H314. Bvp 148.6-150.1  Quartz-sericitevein.
. H323 Bvo 152,0-153.4 Quartz phenocry t 1n vo]canic breccia
BVp2 194.0-496.2 " .
BV} 188.6-190.3 4 i
BY] ¢ 170.0-173.0” P '
Bvs 180.7-183.2 i
| BV 200.0-202.2 i _
Bvy 259.8-261.2 ‘4 [
Bvy 185.0-186.7 - - - »
H324  Bvy 210.6-2\2.0- Quartz ﬂ'endcryi?t in volcanic-breccia.
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© WPLATE 1

Photomicrograph of a. ha]ife-bearfng primary f?uid inclusion of

Type BV] in a quartz ve1n of the Va]]ey Copper depos1t The cubic

phase, h, is ha11te, v is the vapor bubb]e and 1 as salt- saturated

.Photomicrograph of a primary fluid'inc1usiop of Type §§V»fr0m the

~Valley Copper deposit. The bfrefringent and ﬁ;fématic phase, xj,

. .. - P -
is probably gypsum or anhydrite, v is the vapor bubble and 1 is-

liquid.

“

/ 8

.Photomlcrograph of a pr1mary po]yphase fluid inclusion of Type Bxv

~in a quartz vein, of Beth]ehem Copper s Huestis depos1t Cub1c

phase h is halite, s 15 sy1v1te, v is the vapor bubb]e and 1 is

salt-saturated brine.
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are un1dent1f1ed opaque phases

'PLATE 2

Photomicrograph df brimary inclusions of Type Bv] from the Lornex -
deposit. v is the vapor bubble, h is a mass of small halite crys-

. . : . I
tals occupying 60-70 vol. % of the inclusion-and 1 is salt-saturated

z

brine.

Photomicrograph of primary inc]usions of Type Bvy from the Lornex
deposit. The cubic pHase, h, is halite, v is the vapor bubble and

-

1 is salt-saturated brine.

Photomicrograph of a primary polyphase inclusion of Type Bxv from .-
a quartz vein in the Huestis deposit of Beth]ehem Copper. Cubic

phases, h-and s, are ha]%te and sylv1te respect1ve]y, v 1s/the

' vapor bubb]e hm is hematlte and the two daughter m1nera]s, X,
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PLATE3
‘ Phqtomicrograph of a Type Bv] salt-undersatgrated-primary fluid
1nc]us1on from the Valley Copper, deposit v is the vapor bubble;

’f'hs brine.

°

. Photomicrograph :of necking.down'ih‘a primary salt-undersaturated
fluid inclusion of Type Bvy from the Lernex deposit " Necking is
‘not complete as a small 11nk still ex1sts between the two parts of

the inclusion. The vapor bubble is restricted to the ]arge part

ofnthe 1nc1usion
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A.

;-

- PLATE 4 - - - - L D

Photom1crograph of a primary C02 bearlng f1u1d 1nc1us1on of Type
va from a'quartz vein of the Va]]ey Copper,depos1t Two lwquid

iand one gase10us phase are present. v is C02 gas, 1c 1s liquid

‘ Cop and 1 is. aqueous ]1qu1d Homogen1zat1on of the two COz phases_

occurs 1n~the 11qu1d phase at temperatures s31 1° C This can re-
su]t from absorptxon of 1nfrared rad1at1on from the mwcroscope

/
i1luminator un]ess an 1nfrared f11ter is p]aced between the llght

source and the spec1men

Photom1crograph of pr1mary CO02- bearlng fluid 1nc]us1on of Type va

" from a quartz ve1n 1n Beth]ehem Copper's Huestis depos1t Two 11-

qu1d and_one gaseous phase re_present. .V .is GOQ gas, 1c is lif

' quig C02, and 1 is.gqueou liqu%d.'

Photom1crograph of pr1mary COg bear1ng f1u1d 1nc]usaon of Type Chy
from the Valley Copper dep051t .V is COg gas, 1c is 11qu1d C02

and 1‘ys aqueous 11quro,
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A.

B.

. |
| - PLATE §
{
' Photom1crograph of 2 pr1many C0z- bearlng fluid 1nc1us1on of Type
' va from a quartz ve1n of .the Va11ey Copper depos1t v is the

CO2 gas bubble, ‘¢ is 11qu1d €0 and 1 is aqueous liquid.
. - ' . ' | ( ’
i 1 T !

Photom1crograph of an array 3’ secondary fluid inclusions of Type

Bv? from the Lornex ‘deposit,






" PLATE 6
l. . S f ' » 1

\\A,B, Photomicrographs of p]anes of secondary 1nc1u51ons of d1ffering

t~-—-i.ages from the Valley Copper deposit. The well defined cross-
| cutt1ng relationships support the author's content1on of several

events of shatter1ng and 1nJectlon of hydrotherma] fluids at this

]

dep051t
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A,

B.

PLATE 7

. Photomicrograph of an inclusion, probably of Type Bvy, from the

Lornex deposit, Identificatien of this anlusion is not conclu-
sive, and it may a1ternat1ve1y be a glass 1nc1us1pn of Type G.
The tr1angu1ar dark phase is a thick crystal of hemat1te No

movement of.the bubble was observed when a thermal gradient was

~ imposed across the inclusion.

Co. \

Photom1crograph of a g]ass 1nc1us1on of Type G from the Lornex

depos1t In add1t1on to ‘the slight f]atten1ng of the vapor bubble.

5 deep cross-cutting fractures are V1s1b1e across the 1nc1usion No

xvmovement of the bubb]e was observed when a thermal grad1ent was im-

, | ' )
posed ‘agy s$° the incusion. R -~ . |
0 SO S l‘),i:D

I 4
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PLATE 8

i

oo i

 Phatomicrograph of a glass inclusion of .Type G from a quartz vein )

¢

in the Valley ‘Copper deposit. A deep fracture 1is visible Ccross-
B ! - .
cutting the inclus¥an, and'{the bubble a'ppea’rs to be slightly flat-

tened. tlo movement- of the Hubble was observed when a therrﬂa] gra-

ld1ent was 1mposed across the incluston. . - .\,\, '

. . ¥

e n.

Photonncrograph of a glasg 1nc1us1pn of Type G from the Val]ey
Copper depos1t Deep cross- cuttmg f'ractures are v1s1ble No

movement of “the 8ubb1e resulted from 1mpos1t10n of a therma] gra-
&

-

dient across the inclusion.

.

&









