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The Devono-Carboniferous True Hill subvolcanic granite porphyry in southwestern New Brunswick forms three granite 
cupolas along a northeasterly trend. It intruded greenschist-facies argillites of Silurian age, and contains K-feldspar, quartz, 
plagioclase and biotite phenocrysts in a fine-grained, hypidiomorphic to allotriomorphic granular matrix of similar mineralogy. 
Metasedimentary xenoliths, narrow metamorphic aureoles along intrusive contacts, miarolitic cavities, pegmatite pods and 
granophyric texture attest to the upper epizonal nature of the granite. Geochemical constraints indicate a temperature of 
crystallization of 700°C-730°C, at 100 MPa and less than 1 wt.% fluorine. The True Hill granite is chemically similar to other 
granites in the Beech Hill series, including the Mount Pleasant fine-grained granite, and to portions of the Eastern Saint George 
granite batholith. The True Hill granite is weakly peraluminous (A/CNK = 1.6) with a high silica (76.6 wt.%) content.

Bi-Sn-Mo-W mineralized zones associated with the cupolas of the True Hill granite are mineralogically similar to but less 
well developed than W-Mo-Bi mineralization associated with the fine-grained Mount Pleasant granite and the fine-grained 
portion of the Eastern Saint George granite batholith. Feldspathic alteration is developed locally in the deeper portions of the 
True Hill granite, but is inconspicuous in the more intensely altered cupola. Alteration in the cupola includes pervasive and vein 
quartz-topaz-sericite greisen, quartz-sericite greisen, and quartz-chlorite-sericite greisen in weakly-altered granite. The first two 
types of greisen contain wolframite (W = 10-60 ppm), molybdenite (Mo = 5-100 ppm) and bismuthinite (Bi = 5->10,000 ppm) 
with low S n , whereas the third contains cassiterite (Sn = 30-300 ppm) minor pyrite, magnetite and rarely hematite with low Bi, 
Mo and W. All types of alteration contain fluorite (0.3->2.0 wt.% F). The exogranitic alteration and mineralization is more 
complex than granite-hosted mineralized zones due to strong compositional control of the metasedimentary rocks on the greisen 
assemblages.

Le porphyre granitique subvolcanique devono-carbonifere de True Hill forme au sud-ouest du Nouveau-Brunswick trois 
coupoles de granites alignees nord-est. II recoupe des argilites siluriennes du facies schistes-verts et montre des phenocristes de 
feldspath-K, quartz, plagioclase et biotite sis au seind’unefinematricegrenue, hypidiomorphe a allotriomorphe, demineralogie 
similaire. Des xenolites metasedimentaires, d ’etroites aureoles metamorphiques le long des contacts intrusifs, des cavites 
miarolitiques, des venues pegmatitiques et une texture granophyrique denotent la nature epizonale haute du granite. Les 
parametres geochimiques indiquent une temperature de cristallisation de 700°C-730°C a 100 MPa et moins de 1% pds de fluor. 
Le granite de True Hill rappelle par son chimisme les autres granites de la serie de Beech Hill, le granite a grain fin de Mount 
Pleasant et des portions de 1’Est du batholite granitique de Saint George. II est faiblement peralumineux (A/CNK = 1.6) avec 
un contenu eleve en silice (76.6% pds.).

Les zones mineralisees en Bi-Sn-Mo-W associees aux coupoles du granite deTrue Hill presententunemineralogie analogue 
mais sont moins bien developpees que les mineralisations en W-Mo-Bi associees au granite a grain fin de Mount Pleasant et a 
la fraction fine de l’Est du batholite granitique de Saint George. II y a developpement local d’une alteration feldspathique dans 
les trefonds du granite de True Hill quoiqu’elle passe inaperfue dans les coupoles plus alterees. L’alteration comprend des 
greisens penetrants et en veines a quartz-topaze-sericite, des greisens a quartz-sericite dans les coupoles ainsi que des greisens 
a quartz-chlorile-sericite dans le granite faiblement altere. Les deux premiers types de greisen renferment de la wolframite (W
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= 10-60 ppm), de la molybdenite (Mo = 5-100 ppm) et de la bismuthinite (Bi = 5->10,000 ppm) avec quelque Sn, alors que le 
troisieme contient de la cassiterite (Sn = 30-300 ppm), un peu de pyrite, de magnetite et, rarement, d'hematite avec quelque Bi, 
Mo et W. Tous ces types d’alteration contiennent de la fluorine (0.3->2.0% F). L’alteration et la mineralisation exogranitiques 
sont plus complexes que les zones mineralisees au sein du granite a cause du controle strict exerce par lcs roches metasedimen- 
taires sur les assemblages de greisens.

[Traduit par le journal]

I N T R O D U C T IO N

T h is stu d y  o f  the T rue H ill granite and a sso c ia ted  m in era li
zation  w a s undertaken to  d eterm in e  the nature and sou rce o f  the 
gran op h ile  m in era liza tion  and g re isen  a lteration . A n  integral 
part o f  the study is  a p e tro lo g ica l and g e o ch em ica l com p arison  o f  
the m in era lized  z o n e sa tT r u e  H ill w ith  p u b lish ed  inform ation  on  
sim ilar  m in era liza tion  e lse w h e r e  in  sou th w estern  N e w  B run
sw ick , particularly the M ou n t P lea sa n t ore b od ies.

T rue H ill is  lo ca ted  a lo n g  the northern m argin  o f  the Saint 
G eo rg e  b atholith  in  sou th w estern  N e w  B ru n sw ick  (F ig . 1) and is  
underlain b y  a  su b v o lca n ic  gran ite  porphyry in trusion . T he True 
H ill in trusion  is  g e n e tic a lly  related  to the B eech  H ill, Sorrel 
R id g e , and M ou n t P lea sa n t gran ites, b ased  on sim ilar a g es  and  
ch em ica l co m p o s itio n  (D a g g er , 1972; B utt, 19 7 6 ) (F ig . 2 ). A  
num ber o f  S n -W -M o -B i d ep o sits  w ere form ed in a ssoc ia tion  
w ith th ese  w ea k ly  p era lu m in ou s gran ites (R u itenberg and F y ffe , 
1 9 8 2 ), o f  w h ich  the largest is  the W -M o -B i d ep o sit at M ount 
Pleasant.

In the first part o f  th is paper, the petrographic and ch em ica l 
features o f  the T rue H ill granite are p resen ted . T he seco n d  part 
d escr ib es the w ea k ly  m in era lized  B i-S n -M o -W  zo n es  a sso c ia ted  
w ith  the T rue H ill gran ite, and the W -M o -B i oreb od y  related  to  
the fin e-gra in ed  M ou n t P lea sa n t granite. F in a lly , a m od el is  
presented  to ex p la in  the p resen t d istribution  o f  the S n -W -M o -B i  
m in eralization  a sso c ia ted  w ith  th ese  fin e-gra in ed  porphyritic  
intrusions.

G E O L O G IC  S E T T IN G

T h e S a in t G eo rg e  b atholith  and  m arginal sto ck s o f  the B eech  
H ill ser ies  (in c lu d in g  the M ou n t P leasan t fin e-gra in ed  granite  
and the T rue H ill, B e e c h  H ill, P leasan t R id g e  and Sorrel R id g e  
gran ites) intruded fe ld sp a th ic  g ra y w a ck es and a rg illites o f  the  
Silurian W a w e ig  F orm ation  a lo n g  the northern m argin o f  the  
batholith  (R u iten b erg  et al., 1977; R u iten b erg  and M cC u tch eon , 
1 9 8 2 ). D uring  the A ca d ia n  O ro g en y , th ese  rock s w ere  m etam or
p h osed  to lo w e r  g reen sch ist  fa c ie s  and, proxim al to in trusions, to  
a n d a lu s it e - c o r d ie r i t e  h o r n fe ls  f a c ie s  (R u ite n b e r g  an d  
M cC u tch eon , 1 9 8 2 ).

T hree d om in an t fo ld  gen era tio n s and  tw o  prom in en t c le a v 
a g es w ere  d e v e lo p e d  in  the m etased im en tary  rocks (R u itenberg,
1 9 7 2 ). E arly fo ld s  are tigh t upright and h a v e  sh a llo w  northeast
erly  pi u n g es. T h e  la test e p iso d e s  o f  the A cad ian  O ro g en y  form ed  
northeast-str ik ing  thrusts w h ich  term inate aga in st northw est- 
strik ing w ren ch  fa u lts  (R u iten b erg  and M cC u tch eon , 1 9 8 2 ). 
D uring  the H ercyn ian  O ro g en y , northeast- and northw est-trend
ing fau lts w ere  reactiva ted  during v o lca n ic  a ctiv ity  (R uitenberg  
and M cC u tch eo n , 1 9 8 2 ). T h e  T o w er  H ill, Sorrel R id g e  and

B eech  H ill granites seem s to h a v e  been  em p la ced  a lo n g  the St. 
D a v id ’s d o m a l structure w h ich  is  o ff s e t  b y  the later w rench  
fau lting  (D a g g er , 1 9 7 2 ).

T h e M ou n t P lea sa n t m in e  is  lo ca ted  a lo n g  the southw estern  
m argin o f  the M ou n t P leasan t caldera w h ich  co n s is ts  o f  sh a l
lo w ly  d ip p in g , d om in an tly  fe ls ic  v o lca n ic  and  sed im en tary  rocks 
(R u itenberg  and M cC u tch eo n , 1 9 8 5 ). T o  the north o f  the M ount  
P leasan t caldera, san d ston e , and co n g lo m era te  o f  the U pper  
M ississip p ia n  to P en n sy lvan ian  H o p ew e ll G roup d iscon form a- 

bly  o v er lie  the v o lca n ic  rocks.
T h e S a in t G eo rg e  batholith  is  a  p o st-A ca d ia n , b im odal 

gabbroic-gran ite su ite  (C herry, 1 9 7 6 ). T h e  L ate D ev o n ia n  
(C arbon iferous?) E astern S a in t G eo rg e  batholith  (M t. D o u g la s  
granite) is  co m p o sitio n a lly  s im ilar  to the o ld er  b io tite  granite  
(4 0 6 ± 7  M a); (C herry, 1976; F y ffe  et al., 198 1 ) o f  the W estern  
Sain t G eo rg e  batholith  and to the B eech  H ill ser ies  o f  m arginal 
granite in trusions (B utt, 1976; R u itenberg and F y ffe , 1 9 8 2 ). T he  
R b-Sr w h o le -ro ck  a g e  o f  3 4 5 ± 8  M a for the E astern Sain t G eorge  
batholith  is  sta tis tica lly  in separab le from  the 3 3 7 ± 1 5  M a a g e  o f  
the B e e c h  H ill in trusion  (F y ffe  et al., 1 9 8 1 ) and the 3 3 2 ± 1 2  M a  

a g e  for severa l o f  the gran ites from  the M ou n t P leasan t granite  
su ite  (K oo im an  et al., 19 8 6 ). T h ese  R b -S r  dates agree w e ll w ith  
p otassiu m -argon  a g es  (3 3 4 ± 7  M a a n d  3 3 9 ± 1 0  M a) ob tained  from  
the M ou n t P leasan t b io tite  gran ite porphyry (K o o im a n  et al.,
1 9 8 6 ). H o w ev er , m ore  r e c e n t40A r/^ A r step  h eatin g  o f  m ineral
ized  sa m p les from  the E astern S a in t G eo rg e  gran ite y ie ld ed  ages  
o f 3 6 7  M a, su g g estin g  a m ore protracted in trusi v e  hi story (M cL eod  

et al., in press; M cL eo d , 1988).
P rev io u s stu d ies h a v e  sh ow n  that gran ites o f  the B eech  H ill 

ser ies are pera lu m in ou s and characterized  b y  7 4 -7 8  w t.%  S i 0 2, 
high K^O /NajO  ratios (1 .2 -2 .2 )  and R b/Sr ratios (6 -4 8 )  and low  
C aO  (0 .0 4 -0 .6 0  w t.% ), T i0 2 (0 .0 4 -0 .2 5  w t.% ) and Z r (1 1 -1 6 2  
ppm ) (R u itenberg  and F y ffe , 1982; B utt, 1976; D a g g er , 1972) 
(s e e  T a b le  1). T h ey  h a v e  a  very  h igh  in itia l 87Sr/*6Sr ratio  
(0 .7 1 8 6 ± 0 .0 0 1 0 ;  L . F y ffe , p ersonal co m m u n ica tio n , 1 9 8 5 ), 
com parab le  w ith  the M ou n t P leasan t gran ites (0 .7 1 3 3 ± 0 .0 0 6 2 ;  
K ooim an  et al., 1 9 8 6 ) but m arkedly  d ifferen t from  the in itial 
strontium  ratio o f  0 .7 0 4 5  o f  the E astern S a in t G eo rg e  granite  
batholith  (L . F y ffe , p ersonal co m m u n ica tio n , 1 9 8 5 ). T h e B eech  
H ill granite ser ies  o f  in trusions h a v e  8 180  v a lu es  b etw een  + 8  and 
+9%  (T aylor et al., 1 9 8 5 ), in d ica tin g  m inor a ss im ila tio n  o f  
sedim entary crustal m aterial and n eg lig a b le  m eteoric  w aterduring  
the g e n e s is  o f  th ese  granites.

C rysta lliza tion  o f  the g rou n d m ass o f  the B eech  H ill granite 
and the E astern Sain t G eo rg e  granite batholith  w a s interpreted to  
have occurred near the gran ite-m in im u m  tem perature (7 3 0 °C ) at 
P (H 20 )  =  1 0 0 .0 ± 5 0 .0  M Pa (B utt, 1976; C herry, 1 9 7 6 ). F or the 
groundm ass o f  th eco m p o sitio n a lly  sim ilar E arly D evon ian  portion  
o f  the W estern  Sain t G eo rg e  batholith , the cry sta lliza tio n  co n d i-
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Fig. 1. Geological map of southwestern New Brunswick (after Butt, 1976).



324 LENTZ ETAL.

Fig. 2. True Hill geologic map of cupola B and C with diamond-drill-hole (DDH) and trench locations: 
1 - Metasedimentary rocks, 2 - Granite Porphyry, 3 - Greisenization, 4 - Tin-sulfide lodes.
(A-B cross-section, see Fig. 3)

d o n s w ere  T < 7 1 5 °C  and P (H 20 )  =  1 0 0 -2 0 0  M P a (C h erry ,1976). 
B utt (1 9 7 6 )  attributed th e  varia tion s in  m ajor, trace and v o la tile  
e lem en ts  in  the B e e c h  H ill s to ck  to  filter -p ressin g , vapour-phase  
separation  and  deuteric  a lteration  w h ich  ca u sed  the d ep letion  
and/or red istribution  o f  e le m e n ts  (B utt, 1 9 7 6 ).

T h e fin e -g ra in ed  gran ite  b eneath  the W -M o -B i oreb od y  at 
M ou n t P lea sa n t is  p e trograp h ica lly  and  g e o c h e m ic a lly  sim ilar  to  
the B e e c h  H ill, T rue H ill, and  Sorrel R id g e  gran ites (B utt, 1976; 
D ag g er , 1 9 7 2 ). T h e  W -M o -B i m in era liza tion  a t M ou n t P leasan t  
is a lso  m in era lo g ica lly  and  co m p o s itio n a lly  s im ilar  to but m ore  

in ten se ly  d e v e lo p e d  than that fou n d  in  the ap ica l portion s o f  the 
True H ill and  B e e c h  H ill gran ites. A t B e e c h  H ill, m ineralization  
is m a in ly  restricted  to  the co n ta ct au reo le  o f  the intrusion w hereas  
it is  fo u n d  in  cu p o la s  o f  the T rue H ill and the M ou n t P leasant 
in trusions.

TRUE HILL GRANITE 

Contact Relationships

M etased im entary  units in  the T rue H ill area trend northeast 
and h a v e  m oderate d ip s to the north; a  w ea k ly  d ev e lo p ed , 
subvertica l fracture c le a v a g e  trending e a st-w es t o ccu rs lo ca lly . 
T h e granite has three e x p o se d  cu p o la s (A , B , and C ), tw o  o f  w h ich  
are g re isen ized  (B  and C ) (F ig s . 2 , 3 ). T h e  southern  contact 
b etw een  the m etased im en tary  units and the granite porphyry d ips  

g en tly  south . In contrast, the northern c o n ta ct d ip s 4 5 °N  a cco rd 
in g  to d r ill-h o le  data (Lutfcs, unpu b lish ed  data).

H o m fe ls  is not e x te n s iv e  in the m etased im en tary  rock s due  
to  the sm a ll s iz e  o f  the granite and its sh a llo w  le v e l o f  em p la ce 
m ent. T h e a ssem b la g e  near the co n ta ct c o n s is ts  o f  b iotite-



T a b le  1. W h o le  rock  ch em ica l a n a ly se s  o f  granite sa m p les*  from  T rue H ill, as w e ll as av era g e  c h e m ic a l a n a ly se s  from  T rue H ill (T H ) (D a g g er , 
1 9 7 2 ), B e e c h  H ill (B H )(B u tt, 1 9 7 6 ), E astern  S a in t G eo rg e  batholith  (E S G B )(C h erry , 1 9 7 6 ), Sorrel R id g e  (S R )(B u tt , 1 9 7 6 ), and M ou n t P lea sa n t  
(M P )(K o o im a n  et al., 1 9 8 6 ).

Sample # 3-465 3-690 3-970 6-845 6-870 6-892 6-925 6-1011 6-1285 6-1300 TH (n = 3) BH (n = 16) ESGB (n = 17) SR (n = 3) MP

Si02 (wt..%) 76.36 77.73 76.34 76.47 76.02 77.65 77.23 77.79 76.33 65.15 76.22 = 0.14 75.19 = 2.81 76.94 = 1.17 73.98 - 1.63 75.70
Ti02 0.09 0.08 0.08 0.07 0.11 0.10 0.10 0.08 0.07 0.26 0.07 = 0.02 0.23 = 0.10 0.18 = 0.06 0.25 = 0.09 0.04
Al 203 12.39 12.81 12.53 12.76 12.37 12.35 12.44 12.43 12.61 17.15 13.53 = 0.11 12.72 = 0.75 12.40 = 0.37 12.48 = 0.42 12.90
Fe203 1.63 1.59 0.93 0.79 0.57 1.37 1.39 1.06 1.16 3.53 1.34 = 0.11 0.98 = 0.38 0.30 = 0.18 0.57 = 0.40 0.30
FeO NA NA NA NA NA NA NA NA NA NA NA 0.77 = 0.43 0.90 = 0.28 0.96 = 0.32 1.20
MnO 0.08 0.08 0.03 0.03 0.03 0.05 0.08 0.04 0.04 0.20 0.03 = 0.00 0.04 = 0.03 0.02 = 0.01 0.02 = 0.01 0.13
MgO 0.28 0.80 0.13 0.11 0.04 0.07 0.28 0.20 0.11 0.27 0.23 = 0.10 0.25 = 0.13 0.17 = 0.02 0.22 = 0.12 0.79
CaO 0.52 0.63 0.48 0.53 0.72 0.64 0.54 0.57 0.54 0.44 0.52 = 0.17 0.60 = 0.32 0.64 = 0.32 0.45 = 0.14 0.03
Na20 2.67 1.71 2.49 2.78 1.70 2.64 2.90 3.00 3.19 3.63 3.14 = 0.30 3.68 = 0.55 3.31 = 0.18 3.08 = 0.25 3.50
K20 5.29 5.18 5.33 5.39 5.18 5.15 5.22 4.56 5.48 8.21 4.91 = 0.09 4.31 = 1.01 5.09 = 0.26 4.67 = 0.35 4.98
P205 0.03 0.01 0.01 0.00 0.01 0.03 0.01 0.01 0.02 0.00 NA 0.05 = 0.02 0.04 = 0.02 0.04 = 0.02 0.00
LOI 1.08 1.40 0.59 0.99 1.50 0.79 0.94 1.04 0.99 1.08 NA NA NA NA 0.00
Total 100.42 102.02 98.94 99.92 98.25 100.84 101.13 100.78 100.54 99.92 99.99 98.82 99.99 96.72 99.57

F (vt.%) 0.30 0.36 0.29 0.46 0.44 0.63 0.34 0.29 0.30 0.13 NA NA NA NA 0.48
S (wt. %) 0.19 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.45 NA NA NA NA NA
Ba (ppm) 145 134 144 111 141 110 191 125 95 127 NA 428 = 205 NA 312 = 194 40
Cr 0 0 2 0 0 8 0 5 0 9 NA NA NA NA 0
Zr 133 124 128 124 164 146 145 139 123 42 145 = 16 162 = 95 121 = 31 110 = 46 141
Sr 21 8 15 15 23 14 21 13 17 24 23 = 4 60 = 32 35 = 37 42 = 21 13
Rb 523 559 584 636 613 622 572 588 620 1065 488 = 79 403 = 99 364 = 73 404 = 43 625
r 95 73 81 119 110 114 79 122 152 20 83 = 13 NA NA NA 0
Nb 39 61 62 51 37 43 41 43 59 104 100 = 33 NA NA NA 92
Zn 135 62 46 68 39 15 72 65 48 77 84 = 32 47 = 28 NA 54 = 21 52
Ni 23 15 13 19 20 106 14 11 31 17 NA 10 = 8 NA <1 0
V 0 4 0 4 0 3 9 0 0 0 NA 19 = 12 NA NA 0

q 39.14 45.44 40.26 38.37 44.73 41.19 38.84 41.40 35.54 11.27 37.71 35.63 36.17 36.59 34.07
or 31.26 30.61 31.50 31.85 30.61 30.44 30.85 26.95 32.39 48.52 29.02 25.47 30.08 27.60 29.43
a b 22.59 14.47 21.07 23.52 14.39 22.34 24.54 25.39 26.99 30.72 26.57 31.14 28.01 26.06 29.62
an 2.38 3.06 2.32 2.63 3.51 2.98 2.61 2.76 2.55 2.18 2.58 2.65 2.91 1.97 0.15
c 1.40 3.27 1.82 1.39 2.68 1.34 1.06 1.55 0.50 1.49 2.10 1.03 0.38 1.64 1.70
hy 0.70 1.99 0.32 0.27 0.10 0.17 0.70 0.50 0.27 0.67 0.57 0.92 1.57 1.46 4.10
mt 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.42 0.43 0.83 0.43
n 0.17 0.15 0.06 0.06 0.06 0.11 0.17 0.09 0.09 0.43 0.06 0.44 0.34 0.47 0.08
hem 1.63 1.57 0.93 0.79 0.57 1.37 1.39 1.06 1.16 0.00 1.34 0.00 0.00 0.00 0.00
ap 0.07 0.02 0.02 0.00 0.02 0.07 0.02 0.02 0.05 0.00 0.00 0.12 0.09 0.09 0.00
ru 0.00 0.02 0.05 0.04 0.08 0.04 0.01 0.03 0.02 0.00 0.04 0.00 0.00 0.00 0.00

F/F+M 0.85 0.65 0.87 0.87 0.93 0.95 0.83 0.83 0.91 0.93 0.84 0.87 0.88 0.87 0.67
R b /S r 24.91 69.88 38.93 42.40 26.65 44.43 27.24 45.23 36.47 44.38 21.22 6.72 10.40 9.62 48.08
K/Rb 84.00 77.00 76.00 70.00 70.00 69.00 76.00 64.00 73.00 64.00 84.00 89.00 116.00 96.00 66.00
K/B a 302.80320.90307.20403.00304.90 388.60226.80 302.80478.80536.60 0.00 83.60 0.00 124.20 1033.40

♦Sample numbers indicate drill hole number and footage.

Analytical Techniques:
X-ray fluorescence (Phillips PW140) analyses of major- and trace-elements were performed on fused disks ( l ^ C O j  + 1^ 2840-7 + sample) (at the 
University of Ottawa). SY-2 was used as the internal standard for determining accuracy and precision (Abbey, 1983). Estimates of precision for the 
major elements are less than 2% except for Na20  (<8%), and for trace elements is 5% except for the very low abundance elements (50%). Loss on
Ignition (LOI) represents the weight loss after heating in a muffle furnace at 1050°C for 2 hrs. The LOI may include some F and S which have been 
analysed separately resulting is slightly high totals. Sulfur and fluorine were determined by Dionex HPLC (High Pressure Liquid Chromatography) at n>
the Geological Survey of Canada; duplicate analyses and standards indicate less than 20% error.
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T R U E  H ILL  

C ross Section 02 5'

Scale

o so*. 100-' iso-

Fig. 3. Geological cross-section of cupola B and C (see Fig. 2 for legend).

a n d a lu site-cord ierite  w ith  m u sc o v ite  and quartz, ind icating  
m edium  grade co n ta ct m etam orph ism . A n d alu site  porphyrob- 
lasts w ere  ob served  up to 1 2 0  m  from  the inferred con tact o f  the 
granite.

T h e nature o f  the co n ta ct b e tw een  the g ran ite porphyry and  
the m etased im en tary  ro ck s is  variab le. Intrusive co n tact-b reccias  
(h o m fe ls ic  m etased im en tary  b recc ia  in  an a p litic  m atrix) occur  
in cu p o la  B , su g g e s tin g  eith er fau lted  con tacts or brecciation  
during in tru sion . H ydrotherm al p eb b le -b recc ia  is  very w e ll 
d ev e lo p ed  in cu p o la  C  w h ere  the b recc ia  co n fo rm s to the gran ite
m etased im en tary  rock  co n ta ct w h ich  d ip s ap p roxim ately  60° to  
the n orth w est at su rface. B recc ia  fragm en ts in c lu d e  altered  
m etased im en tary  rock s and  granite porphyry in  a  s ilic e o u s , 
fluorite-bearing  m atrix. T h e angu larity  o f  the p eb b les is  variab le  
and c la s t s iz e  in crea ses tow ard and in to  the granite w h ich  
su g g ests  in te n s iv e  hydrofracturing. N u m ero u s reb recciated  frag
m ents in d ica te  p u ls in g  o f  the v en tin g  hydrotherm al so lu tio n s . 
In tense ser ic itiza tion  and s ilic if ic a tio n  o f  fragm ents a lso  resu lted  
from  the v en tin g  o f  th ese  flu id s. E x ten s iv e  quartz v e in in g  and  
silic ifica tio n  is  co m m o n ly  a sso c ia ted  w ith  the co n ta ct b etw een  
the granite porphyry and the m etased im en tary  rocks. Q uartz 
v e in s lo ca lly  h a v e  ser ic ite -, K -feld sp ar- and/or b iotite-r ich  s e l
v a g es  and in p la c e s  con ta in  m inor flu orite  and pyrite. H ybrid  
granite is  d e v e lo p e d  at m ore “p a ss iv e ” con tacts, w ith  b io tite  
sch lieren  (up  to 10  vo l.%  b io tite ) d ev e lo p ed  w ith in  a  m eter o f  the 

contact.

Petrography

T h e True H ill granite is  h iatal porphyritic , w ith  equal pro
portions o f  quartz and K -feld sp ar p h en ocrysts and variab le  
am ounts o f  b io tite  and p la g io c la se . Q uartz and K -feldspar  
p h en ocrysts range in s iz e  from  1 m m  to  2  m m  on  av era g e  and  
have euhedral to subhedral m o rp h o lo g y . T h e K -fe ld sp ar  c o n 
tains various sty le s  o f  ex so lu tio n  (string and patch perth ite) and  
intergrow th w ith  and/or rep lacem en t b y  p la g io c la se . P la g io c la se  
a lso  form s euhedral p h en ocrysts w h ich  are co m m o n ly  finer  
grained than the dom inant p h ases. B io tite  is  fin e  gra ined  (0 .5  
m m ) and con ta in s z ircon , sp h en e, op aq u e p h a ses and rare cassit-  
erite. T h e groundm ass u su a lly  has granophyric quartz and K- 
feldspar in tergrow ths near m iaro litic  c a v it ie s  and p egm atite  pods  
that probably  re flec t lo ca l H 20  saturation (seco n d  b o ilin g /resu r- 
g en t b o ilin g ) typ ica l o f  ep izo n a l in trusions.

R apid  in trusion  o f  a  p h en ocryst-b earin g  m agm a into co o ler  
country rock prom otes d iffu sio n a l lo ss  o f  heat and vapour p hase  
separation  w h ich  m ay su p ercoo l a  m agm a up to 30°C  (B urnham , 
1979). B oth  lead  to crysta lliza tion  o f  the m agm a and the 
d ev e lo p m en t o f  porphyritic texture, but seco n d  b o ilin g  readily  
ex p la in s all the petrographic features in the T rue H ill granite. 
C herry (1 9 7 6 ) a lso  co n c lu d ed  that vapour p h a se  lo s s  w a s critical 
in  the d ev e lo p m en t o f  the porphyritic gran ites in the E astern Saint 
G eo rg e  batholith  and thatrapak ivi texture, c o m m o n ly  a sso c ia ted  
w ith  the fin e-gra in ed  granite, p robab ly  resu lted  from  H jO  p res
sure q u en ch in g  o f  the m agm a (C herry and T rem bath , 1978).
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Chemical Composition

T h e T rue H ill gran ite  has h igh  S i 0 2 (7 6 .9  w t.% ) w ith  low  
M gO  (0 .2 2  w t.% ) and F e20 3(T ) (1 .4 4  wt.% ) (T ab le 1). It has very  
lo w  C aO , m o d era teN a 20  (2 .2 5  w t.% ) and h igh K20  (4 .9 7  wt.% ) 
w ith  a h igh  K 20 /N a 20  w e ig h t ratio (2 .2 ) . T h e gran ite  is  w eak ly  
p era lu m in ou s (A /C N K  =  1 .6 ) w ith  lo w  T i 0 2 and P20 5. H igh  Rb  
(5 9 0  p p m ) resu lts in  lo w  K /R b  ratio (7 0 ) . T h e variation  in R b, B a, 
and Sr (F ig . 4 )  co rresp on d s to  that o f  an om alou s gran ites (E l 
B o u se ily  and  E l S ok k ary , 1 9 7 5 ). R b /B a  (4 .2 ) , and R b/Sr (3 4 .7 )  
ratios are sim ilar  to  ap litic  H ercynian  gran ites (N e iv a , 1 9 8 4 ), 
w h ich  are s lig h tly  a n o m a lo u s com pared  to a sso c ia ted  b iotite  
gran ites in  S p a in . (S a m p le  6 -1 3 0 0  represents a portion  o f  a 
p eg m a tite  p od  and h en ce  has not b een  in clu d ed  in the d iscu ssio n .)

A ll the granite sa m p les  conta in  n orm ative corundum  (0 .5 -  
3 .3% ) (T ab le  1). N o rm a tiv e  anorth ite con ten t ranges from  2 .3  to  
3 .5  and in F igu re 5 , a ll a n a ly ses  trend tow ards the therm al 
m in im u m  (7 3 0 °C ) for H 20 -sa tu ra ted  granitic  liqu id  (3 wt.%  
n orm ative anorth ite) at the 100  M P a (1 kb) e u tectic  o f  Jam es and  
H am ilton  (1 9 6 9 ) , in d ica tin g  sim ilar  co n d itio n s for cry sta lliza 
tion  in the T rue H ill granite cu p o las. T h e petrography and  
co m p o sitio n  o f  the gran ite  and g re isen  at True H ill su g g est that 
flu orin e w a s an add itional v o la t ile  co m p o n en t (T ab le  1). M an 
n in g  (1 9 8 1 )  in d icated  a  sh ift in the therm al m in im u m  from  
Q 37O r29A b 34 at 7 30°C  and F  =  0%  to Q 150 r 27A b5g at 630°C  and F  
= 4  w t.% . C om p arison  o f  T rue H ill norm s w ith  M a n n in g ’s results 
su g g ests  a  F  co n ten t le s s  than 1 wt.% .

H arker variation  d iagram s (F ig . 4 )  in d ica te  that the T rue H ill 
granite is  re la tiv e ly  h o m o g en eo u s and sim ilar  in m ajor- and  
trace-e lem en t co m p o s itio n  to  the B eech  H ill ser ies  o f  granites. 
K 20  correlates p o s it iv e ly  w ith  S i 0 2 (F ig . 4 ) . T h is substantiates 
the h igh  K 20 / N a 20 ,  R b /K , R b /S r, S i 0 2, A120 3 and lo w  T i 0 2 and  
Zr co n sid ered  to b e  ch aracteristic  o f  the B eech  H ill granite series  
(R u itenberg  and F y ffe , 1 9 8 2 ). T h e N o v a  S cotian  tin -sp ec ia lized  
granite o f  C h atterjee et al. (1 9 8 3 )  is  very  sim ilar  in  co m p o sitio n  
to  the T rue H ill granite.

T he ab u n d an ces o f  R E E  in se lec ted  T rue H ill granite sa m p les  
sh o w  patterns characterized  b y  h igh  total R E E , little  fractiona
tion o f  L R E E  re la tive  to H R E E  (L a/L uN =  1 .15 ) (L en tz , 1 9 8 6 ) ,  
and a m arked  n eg a tiv e  E u a n o m a ly  (F ig . 6 ). S im ilar  R EE  
patterns h a v e  b een  fo u n d  for topaz gran ites o f  P leasan t R id g e  
(F ig . 6 ) and M o u n tP lea sa n t (T aylor et al., 1 9 8 5 ) and a lso  confirm  
the R E E  a n a ly ses  o f  D a g g er  (1 9 7 2 ) .

T h e  R E E  d istribution  is  typ ica l o f  h ig h -s ilica  gran ites, 
reflec tin g  their h ig h ly  e v o lv e d  nature and h igh  flu orin e con ten t 
(C u llers and G raf, 1984; T a y lo r  et al., 1 9 8 5 ). T h e h igher  
flu o rid e-io n  con cen tra tion s in  the vapour p h ase  w ou ld  increase  
the m o b iliza tio n  o f  the H R E E  from  the m agm a sim ilar  to the 
e ffe c t  for ch lo r in e  (F lyn n  and B urnham , 1 9 7 8 ). T h e large  
n eg a tiv e  Eu a n o m a ly  p robab ly  re flec ts  retention  o f  E u by K- 
feldspar and p la g io c la se , eith er as residual p h a ses in th ep roto lith  
or as early  cry sta lliz in g  p h en o cry sts  fractionated from  the m elt  
(C u llers and G raf, 1 9 8 4 ). B oth  th ese  m ech an ism s are co m p a tib le  
w ith  the strong  d ep letio n  o f  C aO , B a and Sr in the T rue H ill 
granite.

T h e T rue H ill granite has characteristics o f  A -ty p e  granites  
(T ay lor  et al., 1985; C o llin s  et al., 19 8 2 ) w ith  h igh K 20 ,  N a20 ,

F , N b , Y , Zr and R EE . T h is  is  substantiated  by the R b , N b , and  
Y  em p irica l d iscrim ination  p lo ts o f  P earce et al. (1 9 8 4 ) w here  
T rue H ill fa lls  in the w ith in -p la te  fie ld  sim ilar  to  the Eastern Saint 

G eo rg e  batholith  (M cL eo d  et al., 1988).
T he “fresh” True H ill granite co n ta in s 6 .8  ppm  S n , 1.5 ppm  

B i and 5 ppm  M o  (L en tz , 19 8 6 ) w h ich  is  m uch  lo w er  in tin but 
slig h tly  h igher in m olyb d en u m  com pared  to  the tin -granite o f  
C hatterjee et al. (1 9 8 3 ) . A  non-un iform  distribution  o f  sphene  
and b io tite  probably  acco u n ts , in part, for  variation  in  tin va lues  
ranging from  10 to  100 ppm  ob ta in ed  from  3 2 1 .5  m  o f  w eak ly  
altered to unaltered granite co re  (L u tes , unpub lished  data).

Alteration

A lteration  and m ineralization  at True H ill straddles the 
con tact b etw een  the granite and the h o st rock  sim ilar  to the 
situation  in the m od el sy stem  o f  Shcherba (1 9 7 0 )  (F ig . 8a). 
D eta iled  in vestiga tion  o f  g reisen  z o n es  in c lu d in g  thin section  and 
S E M  stu d y and w h o le  rock  ch em ica l a n a ly sis  w ere don e on  
D D H # 8 0 -3  and D D H # 8 0 -6  from  cu p o la  B and  C , resp ectiv e ly  
(F ig s . 2 , 3 ) , representing a sec tio n  through the altered granite  
carapace in to  unaltered  granite.

G reisen  se lv a g e s  h a v e  form ed  around jo in ts  and  fractures in 
cu p o la s B and C and w ith in  m etased im entary  h o st rocks. P erva
s iv e  gre isen  alteration  is  fo cu ssed  a lo n g  th e  co n ta cts  b etw een  the 
granite and the h o m fe lse d  m etased im entary  rocks. In a few  
areas, the co n ta ct is ob scu red  by in ten se  alteration  or quartz 
ve in in g . T h ese  crude v e in s are very sim ilar  to the deep er portions 
o f  the W -M o -B i ore z o n e  at M ount P leasan t as d escribed  by  
P o u lio t et al. (1 9 7 8 ) , Parrish and T u lly  (1 9 7 8 )  and D agger  
(1 9 7 2 ) . C u p o la  A , lik e  that at B e e c h  H ill, represents a  sligh tly  
deeper portion  o f  the granite, w ith  very little  v e in -ty p e  greisen  

d ev e lo p ed .
T hree typ es o f  en d o g reisen , probably  re flec tin g  variations in 

the hydrotherm al flu id , are d ev e lo p ed  at T rue H ill:
(1 ) F luorite-bearing , q uartz-sericite  greisen ;
(2 ) F lu orite-b earin g , q u artz-ch lorite-seric ite  greisen ;
(3 ) F luorite-bearing , q u artz-top az-seric ite  gre isen .

T he first and third typ es o f  gre isen  h ost m ost o f  the v is ib le  
bism uthinite, m olyb d en ite  and w olfram ite m ineralization  w hereas  
the ch lorite-bearin g  a ssem b la g e  v is ib ly  h osts the sphalerite, 
ch a lcop yrite  and g a len a  m in eralization , as w e ll as h av in g  a n om a

lou s tin con ten ts.
T h e ch em ica l co m p o sitio n  o f  the m etased im entary  rocks  

and x en o lith s im p o ses  ch em ica l con tro ls on the m ineral a ssem 
b la g es  d ev e lo p ed  in the e x o g re isen  en viron m en t. Lund (1 9 8 1 )  
and L entz (1 9 8 6 )  h ave d ocu m en ted  abundant m ica  alteration in 
the prox im al co n ta ct z o n e  o f  the cu p o la  w ith  lo c a lly  abundant 
b recc ia tio n a n d silic if ica tio n . M o red is ta lly , ( 1 0 - 1 0 0 m ) ch lorite , 
m ica  and tourm aline alteration  are d om in an t, e sp e c ia lly  w ithin  
cu p o la  C.

M u ltip le  gre isen  v e in  sy s te m s co m m o n ly  overprint each  
other and thus in d ica te  sev era l e p iso d e s  o f  v o la t ile  exhalation  
from  the cry sta lliz in g  m agm a. In so m e  p la c e s , the ch an g in g  
nature (a c id ity  and  sa lin ity ) o f  the g r e isen iz in g  flu id s  in  the upper 
portions o f  the gran ite  resu lted  in rh yth m ica lly -b an d ed , quartz- 
top az-ser ic ite  g re isen . T h is g re isen  is id en tica l to th o se  observed
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Fig. 4. Silica variation diagrams for A120 3, FeOT, K20+Na20 , K20 , Na20 , CaO, Rb, Sr, Ba, Rb/Sr, Y, Nb, K/Rb, Al20 J/K20+Na20 , CaO vs F, Rb 
vs F, and Nb-Zr-Y and Rb-Ba-Sr ternary plots. (Open circles are greisen samples; the remaining samples are granites (see Fig. 5 for symbols)).
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Qz

C.I.P.W. normative mineralogy for freshTrue Hill granite porphyry and 
associated granite plutons.
•T ru e  Hill granite (this study)
ATrue Hill average granite (n = 3) (Dagger, 1972)
■Beech Hill average granite (n = 16) (Butt, 1976)
AEastem Saint George average granite (n = 17) (Cherry, 1976) 
□Mount Pleasant fine-grained granite (Kooiman et al., 1986)
▼Sorrel Ridge average granite (n = 3) (Butt, 1976)

in surface exposures above the Mount Pleasant W-Mo-Bi ore- 
body and at the Climax Mo deposit (White et al., 1981).

Albite alteration is weakly developed in apical portions of 
the True Hill granite porphyry, but is preserved locally in the 
deeper portions. Some of this secondary albite (An3) contains 
abundant inclusions of secondary mica and represents albitiza- 
tion of pre-existing mineral phases. Secondary albite most 
commonly replaced K-feldspar. Alteration of primary plagio- 
clase is also common at True Hill, suggesting a model for the 
derivation of sodium from incongruent dissolution of plagio- 
clase. Calcium released from this process may have contributed 
to the fluorite commonly found in areas of alteration.

K-feldspathization and biotitization associated with quartz 
veining in the exogranitic environment suggest potassium metaso
matism associated with deuteric alteration. Dagger (1972) ob
served a similar phenomenon associated with feldspathized 
(orthoclase) portions of the fine-grained granite beneath the W- 
Mo-Bi orebody at Mount Pleasant, as substantiated by the obser
vations of Kooiman et al. (1986) and Pouliot et al. (1978).

Topaz alteration is usually associated with the quartz-topaz- 
sericite greisen that is more abundant in cupola C. Topaz and 
quartz commonly form the center of the vein with selvages of 
secondary sericite and both secondary and residual quartz. 
Muscovite and topaz were produced by hydrogen metasomatism 
which was responsible for hydrolysis reactions that released 
alkali elements and silica. First and second boiling of deuteric 
hydrothermal fluid seems to have been responsible for the high 
acidities associated with the mica and topaz-mica alteration, as 
has been proposed by Davis and Williams-Jones (1985) for the 
W-Mo-Bi mineralized zones at Mount Pleasant.

Fig. 6. Chondrite-normalized rare-earth-element patterns for True Hill 
granite (square) (Lentz, 1986) and Pleasant Ridge granite (circle) and for 
porphyritic Mount Pleasant granite (Taylor et al., 1985).

Silicic alteration is associated with all types of greiseniza- 
tion. Seriated quartz grain boundries (dissolution of quartz) and 
replacement of feldspar by mica and topaz (incongruent dissolu
tion of feldspars) during hydrolysis reactions are responsible for 
the increased solution of silica. Pervasive silica alteration is most 
closely associated with cupola C along the margins of the 
exposed cusp. Quartz veins and quartz-centered greisen veins are 
common in both the endogranitic and exogranitic environments. 
The present distribution of the most siliceous alteration (vein 
cores, fractures, and in the cupola) seems to favour a decrease in 
silica solubility due to a decrease in the geostatic pressure during 
hydrofracturing and vein formation.

Sericitization is the most common type of alteration associ
ated with greisen veins in cupolas B and C. Hydrolysis reactions 
involving primary igneous minerals and alkali metasomatism are 
the main factors responsible for the formation of sericite in all 
stages of greisenization based on petrographic observations.

Similar to sericitization, chlorite alteration may form during 
the destruction of biotite or due to the introduction of Fe, Mg and 
Mn during alteration of feldspar. The progressive destruction of 
biotites in granites has been used to explain the enrichment Fe, 
Mn and Sn in post-magmatic fluids (Taylor, 1979). Fe, Mg and 
Mn metasomatism at True Hill, manifested mainly as chlorite 
alteration, occurs both in veins and locally as pervasive zones. 
Chlorite-bearing assemblages are slightly more enriched in tin 
relative to other types of alteration indicating that tin enrichment 
is associated with the alteration of tin-bearing ferromagnesium 
minerals (Lentz, 1986). Pyrite and magnetite are present in 
variable proportions in the quartz-chlorite-sericite greisen zones.

Tourmaline alteration is restricted mainly to the metasedi- 
mentary rocks and is associated with all types of alteration 
developed in the exogranitic environment In one instance, 
greisenizing solutions interacted with a large metasedimentary
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xenolith in cupola C to produce both chlorite and tourmaline 
alteration in the xenolith and the granite above the xenolith. 
Coarse schorl is developed in areas of silicified metasedimentary 
rocks and fine-grained varieties are common in metasediment- 
hosted greisen veins. Tourmaline alteration has not been docu
mented in the deposits of Mount Pleasant or the Saint George 
batholith, although tourmaline has been identified from vein 
systems developed in metasedimentary rocks, suggesting a 
metasedimentary derivation for the boron.

Fluorite is associated with all types of alteration, but has not 
conclusively been identified as a primary magmatic phase. 
Fixation of fluorine as fluorite is most likely due to an increase in 
the activity of Ca in the HF-bearing hydrothermal fluid related to 
the alteration of plagioclase. This inter-pretation is favoured by 
the abundant fluorite associated with proximal exogranite altera
tion.

CHEMICAL COMPOSITION OF ALTERED ROCKS

The greisen-type alteration at True Hill is similar to that 
found at Mount Pleasant below the subeconomic W-Mo-Bi 
orebody. At True Hill, analyses of quartz-sericite greisen by 
Billiton Canada Ltd. indicate an average of 10-20 ppm W that 
locally increases to >100 ppm W as visible wolframite. Molyb
denum averages 5 ppm with quartz veins commonly reaching 
>100 ppm Mo. In the quartz-chlorite-sericite greisen, tin content 
is commonly less than 30 ppm although, rarely, values up to 300 
ppm are found. Bismuth is present in very high concentration 
occurring as bismuthinite. Analysis of 183 mineralized zones 
(courtesy of Billiton Canada Ltd.) indicate an average of295 ppm 
Bi. Sphalerite (50-10000 ppm Zn), galena (20-10000 ppm Pb) 
and chalcopyrite (5->500 ppm Cu) are commonly associated 
with the chlorite-bearing greisen. Silver analyses indicate an 
average of 0.1 ppm Ag, but as much as 2.1 ppm Ag are associated 
with the sulfide mineralized zones. Fluorine analyses (by Beth 
Canada Ltd. from Billiton Canada Ltd.) of numerous greisenized 
granite and metasedimentary rock samples range from 0.3 to 
greater than 2 wt.%, coincident with visible fluorite in the 
assemblage. There are poor, if any, correlations between the 
elements Bi, Mo, Sn, and W based on assay values of core from 
DDH#80-3 and DDH#80-6 but a much stronger relationship 
between Sn, Cu, Zn, and Pb (Fig. 7). This seems to support the 
observation that cassiterite and sulfide mineralization is associ
ated with the quartz-chlorite-sericite greisen assemblage.

Chemical analyses of weak to moderately greisenized samples 
from True Hill (Table 2) compared with analyses of unaltered 
granite (Fig. 4) show that variations in Fe20 3, MnO and MgO 
abundances are related to the variably developed chlorite-bear
ing mica alteration. Na20  and to a lesser extent K20  depletion 
reflects the mobilization of alkali elements during feldspar al
teration to chlorite and sericite assemblages. The removal of 
K20 , N a p  and CaO results in an increase in the relative propor
tions of A120 3 and S i02. High normative corundum values are 
associated with the relative enrichment in AL,03 and a decrease 
in the N a p /K p  ratio compared to unaltered granite. High 
calcium content of greisen is coincident with the presence of 
fluorite.

The abundances of trace elements in the greisenized granite 
reflect their relative mobilities during hydrothermal alteration. 
Zr, Y and Ti are relatively immobile during greisenization and 
thus have abundances similar to those in the unaltered granite 
(Fig. 4). In contrast, Rb, Sr, Ba and Nb have been locally 
redistributed, and in general Rb/Ba and Rb/Sr ratios increase 
during greisenization (cf. Neiva, 1984), although this contradicts 
the findings of Ekwere (1985). Detailed analyses of the chemis
try of the exogranite mineralized zones has not been attempted, 
mainly because of the variable mineralogy of the intercalated 
graywacke and shale sequence in the True Hill area. Petrogra
phic features of exogranite mineralized zones are complex and 
are strongly controlled by host rock composition (Lentz, 1986).

COMPARISON OF THE TRUE HILL,
SAINT GEORGE BATHOLITH, AND 
MOUNT PLEASANT MINERALIZED ZONES

The cupola greisen alteration and mineralization at True Hill 
is similar to W-Mo-Bi mineralized zones developed above the 
fine-grained granite at Mount Pleasant and within the Eastern 
Saint George batholith as documented below.

Three textural varieties have been identified within the 
Victoria Lake area and Square Lake area of the Eastern Saint 
George batholith. Intrusive relationships indicate that these are 
from oldest to youngest: (1) coarse-grained seriate biotite gran
ite, (2) medium- to fine-grained porphyritic biotite granite, and 
(3) medium-grained equigranular biotite granite (McCutcheon 
and Ruitenberg, 1983; MacLellan, 1983). The coarse-grained, 
seriate biotite granite represents the marginal portion of the 
Eastern Saint George granite batholith. Cherry (1976) has 
analysed the two earliest units of the intrusion, both petrographi- 
cally and chemically. These units differ texturally and in the 
redox state of the iron. The medium to fine-grained granite 
locally contains pegmatite pods and granophyre similar to the 
True Hill granite and the fine-grained Mount Pleasant granite.

McLeod et al. (1988) and MacLellan (1983) have described 
three types of greisen mineralization, including quartz-sericite, 
quartz-chlorite-sericite, and quartz-topaz-sericite types. All may 
occur within small areas with complex crosscutting relationships 
and are most abundant near contacts between the coarse-grained 
granite and the finer-grained types of granite. Accessories 
include fluorite, pyrite, chalcopyrite, arsenopyrite, magnetite 
and hematite. Wolframite and molybdenite are the most con
spicuous ore minerals but are erratically distributed. Marginal 
pegmatites (‘stockschieder’) are locallized along the contacts 
between the intrusive phases and at the base of sedimentary 
enclaves. The greater abundance of pegmatite associated with 
the fine-grained porphyritic biotite granite seems to indicate that 
they formed at a slightly higher pressure than the True Hill 
granite, as proposed in the depth classification of Varlamoff 
(1978).

The spatial distribution between alteration and mineraliza
tion at True Hill, Mount Pleasant, and in the Saint George granite 
are schematically represented in three cross-sections (Fig. 8a, b, 
c respectively). The distribution of alteration in each instance is 
focused predominandy into local cusps in the irregular roof of
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log Sn (ppm)

log Mo (ppm) log Zr> (ppm)

log Mo (ppm) log Zn (ppm)

Fig. 7. Log plots of chemical analyses of drill core from DDH#80-3 (o) and DDH#80-6 (x). Data are from assessment reports.

these granites. In each case the granites have undergone vapour 
phase separation (resurgent boiling or second boiling) resulting 
in the quenching of a heterogeneously crystallizing magma. The 
deuteric fluids involved in the mineralization process have pro
duced variable degrees of alteration and host rock preparation for 
the migration of fluids (e.g., see Burnham and Ohmoto, 1980).

The presence of marginal pegmatites developed along the 
contact between the coarse-grained seriate granite and porphy- 
ritic granite of the Eastern Saint George batholith seems to 
indicate that these granites crystallized under slightly higher

lithostatic pressure (upper mesoabyssal?) or exsolved smaller 
amounts of fluids than the True Hill (upper mesoabyssal to 
hypabyssal?) or Mount Pleasant (subvolcanic) granites. In either 
case the competency of the coarse-grained granite was enough to 
retain many of the hydrothermal fluids in the cusp of the intrusion 
during crystallization of the pegmatite. The absence of marginal 
pegmatites and the greater intensity of hydrofracturing and 
brecciation at True Hill and Mount Pleasant indicate a slightly 
shallower level of emplacement, higher volatile content or less 
competent host rock (Burnham and Ohmoto, 1980).
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Table 2. Whole rock chemical analyses* of granite samples from True Hill displaying weak, moderate and intense greisenization (see Lentz (1986) for 
description).

Sample # 3-:314 3-.332 3-.350 3-394 3-!526 3-537 3-!573 6-145 6-100 6-164 6-181 6-:336 6-:371 6-415 6-471 6-

II 
J*

II 
QO
 

II 
O 6-518 6-667 6-728 (3-739 6-:937

Si02 (wt.,%) 77.85 77.06 75.86 82.26 78.09 76.27 76.36 78.51 75.18 77.97 75.14 78.48 81.74 77.08 76.53 75.12 76.03 86.72 81.69 76.76 79.71

Tin? 0.09 0.06 0.10 0.05 0.08 0.06 0.09 0.06 0.05 0.06 0.05 0.06 0.06 0.13 0.05 0.06 0.06 0.09 0.09 0.09 0. 09

A1203 11.96 12.41 11.74 13.17 12.59 12.12 12.15 11.76 11.59 12.60 12.85 12.66 11.21 12.52 12.24 12.70 12.57 10.20 12.48 12.01 11.43

Fp?03 2.49 1.75 6.06 0.18 1.32 4.01 1.15 0.82 7.79 2.01 4.61 2.81 1.65 2.28 1.81 3.12 2.28 1.60 1. 57 3.64 2.02

MnO 0.27 0.03 0.14 0.01 0.06 0.06 0.05 0.02 0.17 0.04 0.16 0.09 0.03 0.16 0.03 0.05 0.05 0.06 0.06 0.07 0.16

MgO 0. 49 0.24 0.38 0.48 0.23 0.13 0.16 0.25 0.45 0.20 0.25 0.21 0.16 0.26 0.14 0.10 0.15 0.21 0.03 0.35 0. 27

CaO 0.18 0.77 0.12 1.17 0.43 0.94 0.60 0.73 0.42 1.62 0.99 1.08 0.92 1.63 0.76 0.87 0.76 1.17 0. 56 1.73 0. 60

Na20 0. 30 2.96 0.08 0.00 0.30 1.42 2.58 0.06 0.10 0.23 0.00 3.11 0.07 0.05 2.66 1.21 2.83 0.35 0.20 0.00 0.11

K20 4. 40 4.26 3.42 0.12 4.19 3.66 4.89 5.18 2.85 1.45 3.83 2.15 2.09 4.07 4.23 5.18 4.27 0.29 0.49 3.23 3.71

P205 0.04 0.01 0.06 0.01 0.06 0.01 0.00 0.00 0.04 0.04 0.01 0.00 0.03 0.02 0.01 0.01 0.01 0.03 0.02 0.01 0.01

L0I 1.87 0.91 2.18 2.79 2.23 1.79 0.94 1.91 0.12 2.24 2.61 1.87 1.99 1.46 1.16 1.46 1.06 3.14 1.49 2.42 2.25

Total 99.94 100.46100.14 100.24 99.58 100.47 98.97 99.30 98.76 98.46 100.50102.52 99.95 99.66 99.62 99.88100.07 103.86 98.68 100.31 too . 3b

F (wt.%) 0.24 0.32 0.19 1.06 0.84 0.88 0.43 0.53 0.39 2.78 0.72 0.80 2.01 1.96 0.67 0.75 0.60 2.39 2.89 1.61 0.44

fi fvt.%) 0.14 0.01 0.28 0.13 0.04 0.00 0.01 0.01 0.56 0.01 0.06 0.02 0.02 0.02 0.01 0.00 0.01 0.01 0.01 0.02 0. 21

Ba (ppm)
Cc
7.r

187
0

127

170
0

120

290
29

114

28
39

116

153
0

124

204
2

120

113
1

131

207
6

116

113
10

113

101
8

117

171
0

127

97
8

116

156
24

120

209
0

151

145
0

114

174
2

114

172
0

113

60
0

110

88
26

114

118
4

118

1UU
15

105

9 19 4 6 16 23 16 13 9 9 16 35 10 13 16 23 13 22 J 31

Rb 680 575 496 22 544 626 552 611 564 245 775 461 448 701 564 811 695 53 113 782 1 1 0

Y 84 123 91 129 187 121 101 95 135 140 147 115 58 79 120 185 166 321 9b 99

Nb 39 63 49 61 60 58 40 56 52 65 62 65 60 31 56 60 62 44 37 38 40

Zn 1 117 62 49 31 271 80 63 39 156 73 165 87 29 83 50 113 132 61 46 75 91

Ni 40 22 15 23 39 21 10 34 25 33 36 39 22 99 12 30 34 45 17 20 32

V 0 0 0 0 0 0 0 0 0 0 9 0 0 0 5 0 8 11 5 0

F/P + M 0.84 0.87 0.94 0.26 0.84 0.97 0.87 0.75 0.94 0.90 0.95 0.93 0.90 0.90 0.92 0.97 0.93 0.88 0.98 0.91 0.88

Rb/Sr 75.56 30.26 124.00 3.67 34.00 27.22 34.50 47.00 62.67 27. 22 48. 44 13. 14 40.73 53.92 35.25 35.26 53.46 2.41 37. 6 8  2 5 . 2 3 79

K / R b 54.00 61.00 57.00 45.00 64.00 49.00 74.00 70.00 42.00 49.on 41.00 38.76 39.00 48.00 62.00 53.00 51. 0 0 45. 0 0 J b. UO . UU

K / Ba 1 9 5 . 0 0 208. 0 0 97. 9 0 35.60227. 30148.90 359.20207.70209.30 1 1 9 . 20 185.90 184. 0 0 1 1 1 .20161.60242.10 247. 10206. 10 40.10 4"6. 20 2 2 / .2u30 1

♦Analytical methods as in Table 1.

Degree of alteration in analyzed samples varies as follows:
Hole 80-3; weak - 332, 526

weak to moderate - 394, 537, 573 
moderate - 314 
moderate to intense - 350

Hole 80-6; weak to moderate - 336, 518, 739, 937 
moderate - 45, 471, 480 
moderate to intense - 100 
intense - 164, 181, 371, 415, 667, 728

LEN
TZ ET AL.
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Davis and Williams-Jones (1985) found that the minerals at 
Mount Pleasant, within the quartz-topaz greisen which is associ
ated with the W-Mo-Bi mineralized zones, contain four types of 
fluid inclusions. The data seems to favour second boiling of a 
low-volatile melt followed by first boiling of the supercritical 
fluid. This is compatible with the deposition of W, Mo and Bi due 
to destabilization of their complexes as a result of first boiling 
(Drummond and Ohmoto, 1985), and abundant pervasive silici- 
fication due to a decrease in geostatic pressure (Holland and 
Malinin, 1979; Dagger, 1972; Parrish and Tully, 1978;Pouliotef 
al., 1978). The intense greisen alteration also indicates that first 
boiling may be responsible for the low pH fluids compatible with 
the quartz-topaz and quartz-sericite topaz alteration zones (Burt, 
1981; Burnham and Ohmoto, 1980).

Pressure estimates for the depth of formation of the Mount 
Pleasant deposit are 450 m based on stratigraphic evidence 
(Parrish and Tully, 1978) and 13 to 47.5 MPa based on type II 
(vapour-rich) fluid inclusions and salt dissolution measurements 
(Davis and Williams-Jones, 1985). The large pressure variations 
are compatible with large changes in geostatic pressure in this 
environment (Burnham and Ohomoto, 1980). Similar mecha
nisms are also responsible for the distribution of mineralization 
and alteration at True Hill, similar to those at the Climax Mo 
deposit.

These three environments are most similar to the Erzgebirge 
style mineralization as described by Baumann (1970) and sum
marized by Taylor (1979). The variation in intensity of minerali
zation at True Hill versus Mount Pleasant is due to several factors 
which include abundance of volatiles, depth of intrusion, compo
sition of volatile phase, efficiency of partitioning, incongruent 
and congruent dissolution of minerals hosting ore-forming ele
ments during intergranular and vein infiltration of deuteric fluids, 
as well as the efficiency of the depositional mechanisms.

CONCLUSIONS

The True Hill granite, forms three cupolas intruded into 
Silurian metasedimentary rocks. Endogreisen and exogreisen 
are well developed in two of the three cupolas. The granite 
contains phenocrysts of quartz, K-feldspar and lesser plagioclase 
and biotite with a mineralogically similar matrix. Accessory 
minerals occurring with biotite are sphene, zircon and opaque 
phases. Granophyric patches, miarolitic cavities and pegmatite 
pods indicate that the granite is epizonal and evolved a vapour 
phase. Major- and trace-element composi-tions establish that the 
True Hill granite is a highly evolved, corundum-normative, A- 
type granite, similar to the Mount Pleasant granite and portions 
of the Eastern Saint George batholith. Normative mineralogy 
indicates that crystallization of the True Hill granite occurred at 
approximately 100 MPa P(H20 ) and a temperature between 
700°C and 730°C.

The greisen developed in cupolas B and C is complicated by 
overprinting of various types of alteration reflecting multi-stage 
devolatilization of the magma. The most intense low-pH mica- 
topaz alteration is confined mainly to the apical portions of the 
granite whereas albite alteration occurred in the deeper portions. 
Albitization, silicification, sericitization, chloritization, tour-

malinization and fluoritization reflect the physical and chemical 
changes in the hydrothermal fluid derived principally by second 
boiling of the magma and first boiling of the volatile phase. 
Analyses of drill core by Billiton Canada Ltd. and Beth Canada 
Ltd., indicate that typical concentrations of ore elements are: 10- 
60 ppm W, 5-100 ppm Mo, 30-300 ppm Sn, 5-10000 ppm Bi, 50- 
10000 ppm Zn, 20-10000 ppm Pb, 5-<500 ppm Cu, <0.1 -2.1 ppm 
Ag, and 0.3 to 2.0 wt.% F.

Geochemical data support petrographic observations that 
there is a spectrum of alteration types. Fe20 3, Mn and MgO 
enrichmentcorrespond to chlorite and/or Fe muscovite alteration 
whereas Na20  and K20  depletion resulted in A120 3 enrichment 
until topaz became stable. CaO was remobilized in the greisen 
environment, but erratically deposited as fluorite. The distribu
tion. of trace elements reflects their relative mobility during 
greisenization, with high field strength elements (Zr and Ti) the 
most immobile and the lithophile and chalcophile elements the 
most mobile.

Mineralization associated with the fine-grained Mount Pleas
ant granite and the porphyritic Eastern Saint George granite are 
similar to that develped in association with the True Hill granite 
porphyry. The present distribution of the mineralization and the 
associated alteration throughout the area seems to be dominantly 
controlled by the depth of emplacement and the competency 
(structural preparation) of the enclosing rocks.
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