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Sm!xr .4 .  - 
C h l o r i t e ,  ca rbona te -se r i c i t e ,  and s i l i c i f i c a t i o n  w i t h  b r e c c i a t i o n  are 

a l t e r a t i o n  o f  a b io t i t e -muscov i te  g ran i te .  
r present  on :he King Jack Resources p roper t y  a s  types o f  hydrothermal I 

The a l t e r a t i o n  types r e s u l t  

Recommendations 

It would be unwise t o  recommend a deco and exoensive d r i l l i n g  oroaram a t  

I recornend z h t  a se?r:h be made f o r  w ider  zones of c a r b o n a t e - s e r i c i t e  
and s i l i c i c  a l x r a r i o n  and for  brecc ia  zones w i t h  hiaher- 

s i m i l a r  i n  o the r  respects,  then a s t ronger  j u s t i f i c a t i o n  f o r  a deep 
d r i l l i n g  program on the  King dack p roper t y  cou ld  be made. 

i x t e n r  o f  i n v e s t i o a t i o n  

A t o t a l  o f  15 specimens from t w o  diamond d r i l l  holes were supp l ied  for my 
examinat ion.  A l o c a t i o n  p lan  and two Geologica l  c ross  sec t ions  of t h e  
diamond d r i l l  ho les  were a l s o  provided. 

A l l  15 core specimens were examined by means o f  a hand lens and a 
b i n o c u l a r  scope. 

ecimens were se lec ted  f o r  t h i n  sec t i ons  and 
Two specimens, 68534 and 68535, appeared t o  be 

too  o x i d i z e d  t o  w a r r a n t  pe t rograph ic  work. c. 



Observarions 
I 

Y e s t  37 the ccre s iec i rens  zre  2 f ine-  9 medium grained, two-mica 
g r a n i t e  (or microgranite),  which i s  s l i g h t l y  porphyrizic. 
i s  the l e a s t  a l t e r ed  grani te .  
piagioc!ase felasFar  i s  subordinate. 
mineral present. 
b i o t i t e  and a t  l e a s t  some muscovite r e p l a c s  b io t i t e .  
repiaces q u a r t z  and  feldspars.  
accessory minerals. 
deureric (autometasomaricj a l t e r a t ion  i n  many granizes rssociated w i t h  
Sn-2-Cu-Mo-Bi -Au metal logezi c associations.  

Other a l t e r a t i o n  types present i n  the s u i t e  are  re la ted.  
order o f  i n t ens i ty  and  p r o b a b l e  emplacement: 
carbonate-seri c i  t e  a 1 terazion and a s i  1 i c i c  ( s i  1 i ci  f i c a t i o n )  a1 t e r a t i  on. 
The l a t t e r  i s  generally accompanied by brecciarion and veining. 

There i s  an ea r ly ,  low-inrensity, se lec t ive iy  pervasive c h l o r i t i c  
a l t e r a t ion .  
t o t a l  replacemenr o f  b i o t i t e  by chiorize.  
a very minor amoun t  o f  epidote replacing b io t i t e .  

More intensive carbonate-sericite a l t e r a t ion  overprints the low-intensity 
c h l o r i t i c  a l t e r a t i o n  and i s ,  i n  turn, brecciated and overprinted by the 
s i l i c i c  a l t e r a t ion .  

Specimen 63540 
Microcline i s  the dominant fe ldsoar ,  

S i c t i t 2  i s  the only ferromegnesian 
Larae f lakes  o f  muscovite are  almost equal i n  volume t o  

Some muscovite 
Zircon, monazite, and  apa t i t e  are  

The conversion o f  b i o t i t e  t o  muscovite i s  a common 

They are  i n  
a c h l o r i t i c  aTteration, a 

The most obvious mineralogical chenge i s  :he par:ial o r  
A s ingle  sgecimen, 6 E 5 3 9 ,  has 

c 
The carbonate-ser ic i te  a l t e r a t ion  varies i n  i n t ens i ty  from low t o  h i g h .  
I t  i s  pervasive a n d  ve in le t  controlled i n  s ty l e .  The carbonate has n o t  
been ident i f ied  b u t  i s  probably ca l c i t e .  Note tha t  wherever " s e r i c i t e "  
i s  used i n  th i s  report  i t  i s  a synonym for the grouD o f  minerals kncwn as 
white mica. 
re la ted species.  
ident i f ied  d u r i n g  my examination. 
mineral assemblage i n  the carbonate-sericite a l te ra r ion .  
a r e  mostly py r i t e  w i t h  minor amounts of chalcopyrite and molybdenite. 

The s i l i c i c  a l t e r a t i o n  appears t o  overprint  a l l  e d r r i t r  a lzerat ion tyoes 
I t  consis ts  o f  auar tz  a n d  minor chalcedony. 
men-space f i l l i n g s  and ve in le t  controlled.  
and s e r i c i t e  accompany the quartz. In one specimen, 68532, the auar tz  
veinlets  and py r i t e  veinlets  cons t i tu te  a srockworks. 
veinlets  are  present i n  some soecimens. 
have pyr i te  a s  the only su l f ide  mineral present. 

S e r i c i t e .  consequently, may include a number o f  c losely 
Of tnese l a t t e r ,  muscovite and  i l l i r ?  were posiziveiy 

Sulfide minerals a r e  p a r t  of the 
The su l f ides  

The a l t e r a t i o n  sty1.s are  
Minor amounts of carbonate 

Quartz-ser ic i  t e  
Most of the s i l i c i f i e d  specimens 

Fragments a r e  carbonare- 
a n d  ouartz o r  cha;ceoony. The 

m a t r i x  consisrs  of  quar:z a n d  minor carbonate o f  both open-space f i l l i n g  
and replacement or igins .  One specimen, 68526, .appears t o  be a 
protomylonite o r  crush breccia. An approximate order o f  increasing 



inten;ity of a!:eratiun, f:cm ?cw t 3  k isL ,  dis;!ayed by the t h i n  sec t ions  
i s  given in  Table 1. 

Table 1. Intensi ty  o f  a l t e r a t ion .  

r 
\ 

........................................................................ 
A1 terat ion types Soecimen numbers ........................................................................ 

Low-intensity ch lor i t ic . .  ................. .SEX0 

par t ly  overprinting c h l o r i t i c  .............. 68534, 68539 
Low-intmsi:y carbonate-sericito 

Moderate-intensity carbonate-sericite 
par t ly  overprinring chi ori t i  c..  ........... .68527, 68529, 68536 

High-intensity carbonate-ser ic i te  
( ? )  t o t a l l y  obscurino c h l o r i t i c  ............ 68528, 68530, 68538 

High-intensity s i l i c i c  and  brecciation. .... 68526, 68531, 68532. 68533, 
68535, 68537. 

........................................................................ 
Some g r a i n s  and fragments of chalcedony are  present i n  some of the auarrz  
veins and breccia specimens. c The f i v e  specimens selected for  f t h e i r  
pnyl losi l icaze minerals i n  orde a l t e r a t i o n  
are:  

Moderate in t ens i ty ,  carbonate-sericite a l te ra t ion :  
Intense carbonate-sericite a l t e r a t ion :  68530, 68538. 
S i l i c i f i c a t i o n  and  brecciation: 68531. 

The print-outs from a l l  f ive  specimens are similar and  confirm most of  
the  petrographic ident i f ica t ions .  

The ch lo r i t e  i s  posi t ively ident i f ied  as ferroan cl inochlore ,  a n  
iron-rich member of the amesite-antigorite se r ies .  
one exception, consis ts  o f  two poly;ypes, 2Ki and 2M2. 
muscovite 31, occurs i n  68527. A t  l e a s t  some of the s e r i c i t e  i den t i f i ed  
i n  68529 a n d  60538 i s  the mixed-layer clay: i l l i t e  2M1 polytype. 
S e r i c i t e  and i l l i t o  are  ident ical  species under the micrcscope and  X-ray 
d i f f rac t ion  analysis i s  required i n  order t o  d i f f e ren t i a t e  these two 
m i  neral s . 

68527, 68529. 

The muscovite, w i t h  
A t h i r d  polytype, 



?;s:xsicn 2nd Cs-c’csiws 

Chlori t ic  a l t e r a t i o n  is a f r inge type commonly occurring at the margins 
o f  wailrocks affecced by carbonate metasomatism. I n  g r a n i t i c  rocks the 
outer c n i o r i r i c  zone is succeeded commonly inward by f i r s t l y ,  a n  
intermediate zone o f  carbonate-sericite a::e!-ation ana secondly, by a 
csqtr31 :one c i  s i ! ic i f icz t ion .  

c 

environments. The best examoles o f  these are  C 
(Lindoren and  Ransome. 1 9 0 6 ) ;  the 

A recently described e ~ s t n n . - & @ S  
(Harris.  1P85) .  The %I-& %$i o f  the  

The presence o f  breccia zones i n  the Kl‘ng Jeck Pecources property 
ipc ica tes  d r e id t ivc iy  jhalluw leve l ,  probably l e s s  than 2 km. in the 
hydrothermal system. Other indications 01. shallow deoth ark! ihe prre?nce r . o f  crustiform textures  i n  veins and  the presence o f  chalce 
auartz veins, breccias ,  and as replacements of wallrock. 

T 
r 
S 
many o f  the l a t t e r  have ultramafic o r  mafic igneous wallrocks which a re  
much more suscept ible  t o  carbonate metasomatism t h a n  the g r a n i t o i d s  on 
the King Jack property. 

a l t e r a t ion  
numerous deposits.  

o o r h  spatially’xnd geneTically associated w i t h  g o l d  ore  i n  



frcz environmon:j ;f 5ri::l: feilure down i n t o  environments of d u c t i l e  
flow a t  depths i n  excess o f  I0 km. 

I t  i s  unfortunate for  the present study t h a t  there i s  no information from 
other g o l d  d i s t r i c t s  t h a t  indicates the presence of a ver t ica l  sequence 
of, a l t e ra t ion  and mineralization z w e s  acsfciated w i t h  carbonate 
mstzsomarism. The 1imi:ed evidence suouorfs the mod21 of continuous 
c h l o r i t e  + carbonate-sericite + s i l i c i c  a l t e r a t ion  zones + 

c 

From the r e l a t ive ly  small number o f  samoies made avai lable  t o  me, I an! 

a l t e ra t ion  s imilar ly  increase w i t h  depIh. 
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68526 HANC-SP EC 1 YEK CES CR I PTI ON - 
Color: Medium gray, patchy greenish 5riiy iiiid ~ h f t e .  r .  
Te.x,t 'J re  : Mosaic, sugary,  and  sparse open-space f i l l i n s .  

Grain s i r e :  Variable, very f ine  t o  f i ne  grained. 

Fabric: Variable. 

Homogeneity: Sparse vugs. Some veinlets .  

Color Index: Unknown. 

Primary MineraloGy: Kone. Protol i th  was probably  a s i l i c i c ,  
meai  urn-grai ned rock. 

A1 t e ra t ion  Mineralogy: 

1. Pervasive Alteration: 
QuarTz,  f i ne  t o  medium grained, color less .  
Chalcedony, very f ine  grained, l i g h t  g r a y ,  

appears t o  be replacing wallrock. 
S e r i c i t e ,  co lor less ,  f i ne  grained. 
C l a y ( ? ) ,  d a r k  green-gray, wnite s t reak ,  i n  
aggregates . 
Pyr i te ,  very f ine  grained, disseminated, ra re .  f-  

Pervasive s i l i c i f i c a t i o n  ( f l o o d i n g )  o f  the wallrock. 

2 .  Open-space F i  11 i ngs : 
( I )  Some small vugs and i r regular  areas p a r t l y  or wholly 

occupied by color less ,  transparent,  termi nated quartz 
c rys ta l s .  

3 .  Veinlet-controlled Alteration: 
(1) S e r i c i t e ( ? )  o r  clay veinlet .  



68526 - 
r- 

Alteration Type: S i l ic i f ica t ion  and brecciation. 

S tyl  e: Open-space f i  i 1 i ng 
Intensity: Intense 

Extent: 75% 

Protol i t h :  C1 a s t s  o f  carbonate-seri c i t e  a1 t 2 &  
granite 

P r o t o l i t h  Minerals: Quartz, microcline, p l ag ioc lz se  

A7 terati  on Mi neral s : Quar t z  i n matrix; serf c i  ce a n d  ferroan 
carbor is te  ir; c les t s  o f  altered granite. 

Rttlftdrks: Ruch  o f  the fine-grained q u a r t z  ma t r ix  i s  
shewed acd granulated. The rock 
resernbl es a protornyl oni  t e .  
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- 3 5 2 7  HAND-SPECIMEN DESCRIPTTOf! 

f -  Color: White, speckled gray. 

Fabric: Equigranular, subhedral. 

Homogeneity: Vusgy. Scme veinlets .  

Color index: ICZ, leucocratic.  

Primary Mineralogy: Quartz, c lear  and  s l i gh t ly  smoky. 
Feldspar, remnant, much a l t e red ,  p a l e  F i n k  and  

cream. Outlines a re  s l i g h t l y  diffuse 
due t o  a1 te ra  ti  on .  

A1 t e r a t i  on M i  neralogy: 

1. Pervasive Alteration: Muscovite, f ine-grained, rspiacirlg fddspa r s .  
Clays(?) ,  cream-colored, replacing feldspars .  
Pyr i te ,  r e l a t ive ly  a b u n d a n t ,  fine-grained, 

pal  e-col wed ,  d i  sseml nated. 
Ch lwi t c ,  gr'3ei;, ri i . i l iGl- ,  i*kb;L(.l tf F!* c l a y ( ? )  
C 1  ay , ye1 low-green, rep1 aci ng chl o r i  t e (  ? )  
Limoriite arid ~ I Y I I I Y L ~ L C ,  r e p k i n g  b i o t i t e .  

2 .  Veinlet-controlled A 1  terat ion:  
c 

( I )  White carbonate(?) ;  u n d u l a t i n g ,  para l le l  walls. 

XRD analysis completed. 



c 

68527 - 
c- A 1  t e r a t ion  Type: Early Deuteric Chlorite overprinted by 

Carbonate-seri ci t e .  

S ty?  e: Pervasive and Vei n l  et-control 7 ed. 
Intensity:  Moderate. 

Extent: Pervasive i s  about 25:. 

Protol i t h :  Muscovi te-bi o t i  t e  g r a n i  te .  

P r o t o l i t h  Minerals: Quartz,  microcline, pfagioclase,  nuscovite,  
b i o t i  t e  , 'a pa ti  t e  . 

Pervasive A1 t e r a t ion  Minerals: Chlor i t ic  replacement of b i o t i t e  i s  a lmost  
complete. 
a n d  par t ly  replaced by carbonate. 

Chlor i te ,  i n  t u r n ,  i s  bleached 

Seri c i  t e  rep1 aces fe l  aspars and i s 
overprinted by carbonate a1 t e r a t i  on. 
D i  sserni nated pyri te .  

Veinlet-control Jed Alteration: Early stage o f  quartz and se r i  c i t e .  
Succeeded by intense frectur ing o f  quartz 
a n d  feldspars healed by a l a t e  stage of 
carbonate and s e r i  ci t e .  

Remarks: Mosaic arezs o f  rnuscovits and carbonate 
are  present. 
Vei n-1 i ke a reas o f  f i  ne-grai ned qua r t z  
and feldspar a re  overprinted by 
carbonate-sericite a1 t e r a t ion .  

X-ray Diffract ion Analysis: Muscovite, 2M1 and 3T polytypes. 
Ferroan clinochlore I IB polytype. 

L. 



HAND-SPECIMEN DESCRIPTION 

Color: Variable; wallrock i s  white t o  l igh t  t a n .  Vein-controlled c a l te ra t ion  envelope i s  greenish gray 

Texture: 

G;ain size:  Medium grained. 

Wall rock and a1 teration envelope are phaneri t i c .  
. #  

Fabric: Wallrock i s  equigranular, subhedral. 

Homogeneity: Vuqgy. One vein and vein-ccntrol led a1 teration envelope. 

Color index: Wallrock was probably leucocratic. 

Primary Mineralogy: Q u a r t z ,  clear a n d  s l igh t ly  smoky. 
Feldspar, remnant, much al tered,  pale p i n k  and  

white. 

A1 t e r a t i  on M i  neral ogy: 

1. Pervasive Alteration: Muscovite, a b u n d a n t ,  pale green, f ine t o  medium 
g r a  i ned , rep1 a c i  rig f e i  ds pars. 
Clays(?) replacing feldspars. 
Pyrite,  re la t ively a b u n d a n t ,  fine-grained, 

Molybdenite, fine-grained, sparse. 
Limonite and  hematite, replacing b io t i te .  

brass-colored, disseminated. 

c 2 .  Veinlet-controlled Alteration: 

walls. Replacement texture n o t  open-space 
f i l l i n g .  
Q u a r t z ,  f i n e  t o  medium grained. 
Ser ic i te ,  f ine t o  mediuin grained. 
Pyri t e ,  f i  ne-grai ned , brass-col ored. 
Molybdeni t r ,  fine-grained, l ess  a b u n d a n t  t h a n  
pyri t e .  
K-feldspar, cream, mostly replaced by s e r i c i t e .  

(1) Pyrite veinlet .  Not s t ra ight  - u n d u l a t i n g ,  unparallel 

The al terat ion envelope consists o f :  
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c 
68528 =IN-SECTION DESC8IPTION 

A1 terat ion Type: Carbonate-serici t e  overprinrs an  earl  i e r  
deuteri c chl ori t i  c a1 t e r a t i  on 

Style:  Pervasive and vainlet-controlled 
I n tens i t y :  Intense 

Extent: 30% pervasive 

Protol i t h :  Granite 

Protoli th Minerals: Quartz,  microcline, plagioclase 

Alteration Minerals: Chlorite (selectively pervasive); 
muscovite and fine-grained ser ic i  t e  
(Pervasive repl a c i  ng K-spar and ch lor i te )  ; 
p i r i t e  (pervasive); 
carbonate (vei nlets and pervasive repl a c i  iig 
chlor i te)  . 

Remarks: Muscovite patches i n  this specimen a r e  
larger and  more numerous than i n  6CSi7 dnd 

1, 

68529.  



HAND-SPECIEEN DESCRIPTION 

Color: Variable, white t o  l i g h t  t a n ,  speckled green. c. 
Texture: Phaneri tic. 

Grain size:  Medium grained. 

Fabric: Equigranular, sparsely porphyritic, subhedral . 
Homogeneity: Vuggy. Numerous veins. 

Color index: lo:, leucocratic. 

Primary Mineralogy: Q u a r t z ,  c lear  and  s l igh t ly  smoky. 
Feldspar, remnant, much a l te red ,  pale p i n k  and 

white. 

C’ - 

Alteration Mineralogy: 

1. Pervasive Alteration: Muscovite, f i n e - p i n e d ,  replacing feldspars. 
C 1  ays , rep1 aci ng fe l  dspars . 
Chlorite, green, mostly replacing b i o t i t e .  
Pyrite, re la t ively a b u n d a n t ,  fine-grained, 

pal e-col ored, d i  semi  nated. 
Limonite and hematite, replacing b i o t i t e .  

2 .  Veinlet-controlled Alteration: 
( I )  Pyrite + K-feldspar + s e r f c i t e ( ? )  veinjets .  

Rot s t ra ight  = u n d u l a t i n g ,  unparalle’l walls, 
Chlorite i s  largely destroyed w i t h i n  2-3 mm o f  
the veinlet .  One veinlet  i s  asymmetrical w i t h  
one side f i  17ed w i t h  very f i  ne-grained aggregaTe 
o f  q u a r t z  + a l b i t e ( ? )  + prismatic d a r k  mineral. 
Pyrite,  fine-grained, pale-colored. 
K-feldspar, pale p i n k ,  i n  part replaced by 
s e r i c i t e ( ? ) .  
Ser ic i te ,  very fine-grained. 

( 2 )  White c a r b o n a t e ( ? ) ,  s t ra ight ,  parallel  walls. 

Remarks: Presencg o f  carbonate confirmed by di lu te  a c i d .  

X R D  analysis completed. 



613529 - THIN-SECTION DESCRIPTION 

Alteration Type: Early Deuteric Chlori t e  overprinted by 
Carbonate-serici te. c 

Style: Pervasive and  veinlet-contro? led. 
Intensity:  Weak t o  Moderate. 

Extent :  Pervasive i s  about  20%. 

ProtoJ  i t h :  Muscovi te-bioti t e  granite,  

Protol i th  Minerals: Quartz, microcline, plagioclase, niusccvite, 
a p a t i t e .  

Pervasive Alteration Minerals: Chlorit ic replacement o f  b i o t i t e  i s  
complete. 

Veinlet-control led Alteration: Early stage o f  crust i fom quarrz, 
tourmal i ne, pyrite,  and quartz. 
Late stage o f  carbonate  and s e r i c i t e .  

X-ray Diffraction Analysis: Muscovite 2M2 polytype. 
Ferroan clinochlore IIB polytype. 
I1 1 i t e  2MI polytype. 



68530 HAND-SPECIMEN DESCRIPTION 

(- 
Color: L i g h t  yellowish t a n ,  speckled green. 

Texture: Phaneri t i c .  

qrain size:  Medium grained. 

Fabric: Equigranular, sparsely porphyritic, subhedral. 

Homogeneity; Sparse vugs .  Numerous veins . 
Color index: Originally probably leucocratic. 

Primary Mineralogy: Q u a r t z ,  gray and  s l igh t ly  smoky. 
Feldspar ,  remnant, much al tered,  pale tan. 

M i  nerai s have diffuse boundaries. 

A 1  t e r a t i  on K i  neral ogy: 

I. Pervasive Alteration: S e r i c i t e ( ? ) ,  b r i g h t  green, fine-grained. 
Clays, white, replacing feldspars. 
Pyri t e ,  pyri tohedrons , a b u n d a n t ,  f i  ne-grai ned, 

Limonite and  hematite, replacing b io t i te .  
t?ras+coiored, disseminated. 

2. Vei nlet-control led A 1  t e r a t i  on: 
(1) Quartz + s e r i c i t e ( ? )  veinlets.  

Not s t ra ight  - u n d u l a t i n g ,  unparallel walls,  
Q u a r t z ,  l igh t  gray  and  white. 
Ser ic i te  o r  clay, white, occurs as 

C 
discontinuous, asymmetrical se’lvages and 
f i  11 i ngs. 

XRD analysis completed. 



68530 THIN-SECTION DESCRIPTION 

c Alteration Type: Carbonate-sericite and S i l ic i f icz t ion  

Style: Pervasive and veinlet-controlled 
Intensity: Intense 

Extent: 70% pervasive 

Protol i th: Granite 

Protol i th  Minerals: Quartz, microcline 

Pervasive Alteration Minerals: Ferroan carbonate, s e r i c i t e ,  pyrite,  
quartz 

Veinlet A7 t e r a t i o n  Minerals: Quartz-ser ic i t r  (ear ly  s tage) ;  carbonate 
( l a t e  s tage)  

Remarks: All ch lor i te  and  plagioclase o f  the 
granite i s  rep1 aced 
An early quartz-ser ic i te  veinlet  i s  cut by 
a younger carbonate veinlet .  

X-ray Diffraction Analysis:  Muscovite 2Ml a n d ( o r )  2M2 polytypes. 
Ferroan clinochlore IIB polytype. 

C 



- 6 E 3 1  HAND-SPECIMEN DESCRIPTION 

(- Color: L i g h t  gray. 

Texture: Phaneri t i c .  
. *  

Grain size:  Medium grained 

Fabric: Equigranular and subhedral . 
Homogeneity: Numerous vugs 

Color index: Or ig ina l ly  probably leucocratic. 

Primary Mineralogy: Q u a r t z ,  c lear  and s l igh t ly  smoky. 
Fe ldspa r ,  cream, s l igh t ly  a l tered.  
A1 b i  t e (  ? )  , white. 
Muscovite, 

A1 terat ion Mineralogy: 

1. Pervasive A7 teration: 
Ser ic i te ,  colorless and  green, f ine grained, 

replacing feldspars. 
Q u a r t z ,  medium grained, some overgrowths. 
Kaolin(?), yellow and  white, replacing feldspar. 
Pyrite,  f ine  grained, abundant, disseminated, " 

brass-col ored. 
Chalcopyrite, f ine grained, disseminated. 
Hematite, red-brown. 

2.  Open-space Fil l ings:  
( I )  Numerous vugs and i r regular  areas par t ly  or wholly 

occupied by colorless,  transparent, terminated q u a r t z  
crystal s .  

X R D  analysis cornpl eted. 
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68531 

r" 
THIN-SECTION DESCF?PTION 

A1 t e r a t i o n  Type: Si l ic i f ica t ion  and Brecciation 

Sty1 e: Open-space f i  11 i ng 
Intensity: Intense 

Extent: 90% 

Protoli th:  Minor small c las t s  o f  carbonate-serici t e  
a1 tered granite 

P r o t o l i t h  Minerals: Quartz ,  microcline, plagioclase i n  c l a s t s  

Pervasive A1 t e r a t i  on M i  neral s: Quartz, carbonate, pyrite,  chal copyri t e ,  

Vei nl e t  A1 t e r a t i  on M i  neral s : Quar t z ,  m i  nor  ser i  c i t e  and chal cedony i n  
mat r ix  

Remarks: Breccia w i t h  a matr ix  o f  crustiform quartz 
matr ix  

X-ray Diffraction Analysis: Muscovite 2Ml polytype. 
Ferroan clinochlore iIl3 p ~ 7 y ' ; y p ~ .  

C 



68532 - HAND-SPECIMEN DESCRIPTION 

Co’lOr: L i g h t  gray. 

Texture: Phaneri t ic .  
c 

G r h  s ize :  Medium grained 

Fabric: Equigranular and subhedral . 
Homogenei ty:  Vuggy . Numerous veins form a s tockworks . Some vei n l  e t s  

a r e  en echelon. 

Primary MineraloGy: Quartz ,  c l ea r  and s l i g h t l y  smoky. 
FeldsPar, cream, s l i g h t l y  a l te red .  
A l b i t & j ,  white. 
Muscovite, 

A l  t e r a t ion  Mineralogy: 

1. Pervasive Alterat ion:  
Seri  c i t e ,  f i  ne grained, rep1 aci  ng feldspars.  
Quartz , medi urn g r a i  ned . 
Pyr i te ,  f i n e  grained, abundant, dtsseminated, 

brass-col ored. 

(- 3.  Veinlet-conrroiled Alteration: 
(1) Pyri t e  veinlet .  C u t  by the quartz + s e r i c i  t e  ve in le t s .  

( 2 )  Quar t z  + S e r i c i t e ( ? )  ve in le t s .  A t  l e a s t  2 generations 
present. Ear l ie r  i s  curved, bifurcating. Later 
i s  s t ra ight  w i t h  para l le l  w a l k  

S e r i c i t e ( ? ) ,  very fine-grained. 
Quartz , gray, 
Pyr i te ,  very sparse ,  very f i n e  grained. 



68532 - 
c 

THIN-SECTION DESCRIPTION 

A7 t e r a t i  on Type: Serf c i  t e ,  overpri nted by carbonate and 
s i l i c i f i c a t i o n  

Style: Se r i c i t e  - pervasive; 
Carbonate - pervasive and veinlet control.  
S i l i c i f i ca t ion  - pervasive and open-space 
fracture  f i l l i n g  

Intensity: Intense 
Extent: 25% pervasi ve o f  g ran i t ic  feldspars. 

P ro to l  i t h :  Granite 

P r o t o l  i t h  Minerals: 

Pervasi ve A 1  t e r a t j  on M i  neral s : 

Quartz, cloudy microcl i ne and p l  ag i  ocl ase 

Quartz,  s e r i c i t e ,  carbonate 

Vei nl e t  A 1  t e r a t i  on Mineral s : Quartz,  carbonate, pyri t e  

Remarks: Chlorite i s  n o t  present 



68533 - HAND-SPECIMEN DESCRIPTION 

C O ’ l O r :  L igh t  ye7low-brown, white veins. 

Texture: Mosai c ,  sugary, and sparse open-space f i 11 i ng. 
r 

. e  

G F a i n  s i z e :  Variable, very f ine  t o  fine grained. 

Fabric: Variable. 

Homogeneity: Numerous vugs.  Some veinlets.  

Color index: Unknown. 

Primary Mineralogy: Quar tz ,  medium gray. 
P r o t o l i t h  was probably a s i l i c i c ,  medium-grained 
rock. 

A1 t e ra  t i  on M i  neral ogy : 

1. Pervasive Alteration: 
Quartz,  fine t o  medium grained, colorless.  
Chalcedony, very f ine g r a i n e d ,  l i g h t  gray, 

appears t o  be replacing wallrock. 
Se r i c i t e ( ? )  o r  clay, white, very f ine grained. 

Some pervasive s i l i c i f i ca t ion  ( f l o o d i n g )  o f  the wall rock. 

2. Open-space Fill ings:  
(1) Some small vugs  and i r regular  areas p a r t l y  o r  wholly 

occupied by color less ,  transparent, terminated q u a r t z  
crystals .  

3. Veinlet-controlled Alteration: 
(1) Sugary quartz + s e r i c i t e ( ? )  or clay veinlet .  

4. Oxidation: Limonitic staining o f  the s e r i c i t e ( ? ) .  
Limonite and hematite replacement o f  a micaceous mineral  
( ch lo r i t e? )  . 

A t h i n  section was n o t  made because of  t h 2  weathered and oxidized nature 
o f  the specimen. 



68534 - 
Color: 

HAND-SPECIMEN DESCRIPTION 

L i g h t  t o  medium brown, speckled medium gray. 

Texture: Phaneri t i c .  

G d n  size:  Medium grained. 

Fabric: Equigranular, very sparsely porphyritic, subhedral . 
Homogeneity: Some vet ns . 
Color index: lo%,  leucocratic. 

Primary Mineralogy: Quartz, c lear  and s l igh t ly  smoky. 
Feldspar, pal2 p i n k  or t a n .  
Bioti te,  black, mostly chlor i t ised.  
Muscovite, almost as a b u n d a n t  a s  b i o t i t e .  

Pervasive A7 t e r a t i  on M i  nerai ugy: 
Pyrite,  brass-colored, p a r t l y  oxidized, 

disseminated. 
Chlorite, green, mostly replacirig b io t i te .  
Muscovite , m i  nor. 

Veinlet-contro7led Mineralogy: 
( I )  Pyrite veinjets,  i r regular ,  unpara77el wa l l s ,  

f ine aggregates o f  pyrite cubes. 
1 imoni t e  and jarosi  t e .  

walls, en echelon. 

Very oxidized t o  
(- 

( 2 )  Ser i c i t e ( ? )  o r  c lay(?)  veinjets.  S t r a i g h t ,  paral le l  

Supergene Mineralogy: Limonite, a b u n d a n t ,  heavy s t a in  on j o i n t s ,  a l s o  

Azurite, blue, very fine grained, rare. 
rep1 acing chl o r i  t e ,  pervasi ve stai  n i n p l  aces . 

A t h i n  section was n o t  made because o f  the weathered and oxidized nature 
o f  the specimen. 



68525 HAND-SPECIMEN DESCRIPTION - 
(- Color: Light gray. 

Texture: Mosaic and  open-space f i l l i n g .  

Grain size:  Variable. 

Fabric: Variable. 

Homogenei ty: 

Color index: Unknown. 

. *  

Numerous vugs . A vei n and numerous vei nl ets  . 

Primary Mineralogy: None. 

Alteration Mineralogy: 

1. Pervasive Alteration: 
Qudrtz, f i n e  t o  medium g r a i n e d ,  colorless. 
Chalcedony, very f ine grained, l ight  gray, 

appears t o  be replacing wall rock. 
Ser ic i te ,  colorless,  f ine  grained. 

Pervasive s i l i c i f i c a t i o n  (flooding) o f  the wallrock. 

2. Open-space Fil l ings:  
(1) Some vugs and  i r regular  areas par t ly  or wholly 

occupied by colorless,  transparent, terminated quar tz  
crystals .  

3. Veinlet-control led A1 teration: 
(1) Quartz vein. 3.0 mm wide,  o f  color less ,  transparent, 

termi nated quartz crystal  s o  



- 68535 THIN-SECTION DESCRIPTION 

A1 teration Type: Silicification r 
Style: Open-space filling 

Intensity: Intense 
Extent: 100% 

Protolith: Unknown 

Pervasi ve A1 terati on Mi neral s : Quartz, seri ci te 

Vein-controlled Alteration Minerals: Quartz, minor sericite, 
mi nor 1 ate chalcedony, 

Protol i th M i  neral s : None 

Remarks : Early stage o f  f i  ne-grai ned quartz vei  ns ; 
Late stage o f  coarse-grained quartz in the 
same v c i c s .  
Notable absence o f  carbonate. 



68536 - 
Color: 

HAND-SPECIMEN DESCRIPTION 

Variable, white t o  l i g h t  t a n ,  speckled green. 

Texture: Phaneri t i c .  

Grain size: Medium grained. 
. t  

Fabric: Equigranular, subhedral . 
Homogeneity: S l i g h t  f l o w  band ing .  

Color index: 10% leucocratic. 

Primary Mineralogy: Quartz ,  clear and sl ightly smoky. 
FeldsDar, remnant, much altered, white and  

I -  

pale p i n k ,  
Muscovite, 

A1 teration Mineralogy: 

1. Pervasive Alteration: Chalky white feldspars 
Chlorite, green, mostly replacing bioti te.  
Pyri t e  , s p a r s e ,  very f i  ne-grai ned, pa l  e-col ored , 
Muscovite, minor ,  some replacing feldspar. 
Limonite and hematite, possibly replacing 

d i  ssemi nated. 

bioti te.  f -  

2. Veinlets: White carbonate, straight,  cross-cutting, parallel walls. 

Some veins.  



68536 TH IN-SECTION DESCRIPTION 

C 

Alterat ion Type: Deuteric s e r i c i t i c  and c h l o r i t i c  
o v e r p r i n t e d  by carbonate. 

Style: Miarol i t ic  cavi ty  f i l l i ngs ,  pervasive, and 
veinlet-controlled.  

Intensi ty:  Weak t o  Roderate 
Extent: Pervasive i s  about 15% 

Protol i t h :  Muscovi te-biot i  t e  grani te .  

Pro to l  i t h  M i  neral s : Quartz ,  m i  crocl i ne, p l  agiocl ase,  
muscovite, z i rcon,  monazite, apa t i te .  

Pervasive A7 t e r a t i  on M i  neral s : Some muscovite a f t e r  b i  o t i  t e  and quartz.  
Considerable s e r i c i  t e  and carbonate a f t e r  
pl a g i  ocl ase a n d  m i  croc’l i ne. 
Chlorite and pyri t e  t o t a l  l y  rep1 ace 
b i o t i t e  . 

Open-space F i  11 i ng Mineral s : Carbonate i s domi nant , m i  nor chl ori t e  and 
muscovite. 

Veinlet-controlled A1 t e ra t ion :  Carbonate. 

Remrks: B o t h  pervasive and cavi ty- f i l l ing  s ty l e s  of 
a l t e r a t ion  are ear ly  and possibly o f  
deuter ic  o r i  g i  n ,  n o t  necessari l y  
associated w i t h  epigenetic mineralization. 
Carbonate a l t e r a t i o n  i s  b o t h  ear ly  and 
l a t e .  
T h i s  rock i s  more a7 tered t h a n  68540 and 
68539. 



68537 - HARD-SPECIMEN DESCRIPTION 

r Color: L i g h t  pinkish-tan, speckled green. 

Texture: Phaneritic, i n  general, b u t  some areas are aphanitic. 

G r a i n  size:  Medium t o  f ine grained. 

Fabric: Equigranular and  subhedral i n  phaneritic parts. Otherwise 
mi croporphyri t i  c and anhedral t o  subhedral . 

Homogeneity: Vuggy. Brecci ated. Numerous vei ns. 

Color index: 15%, leucocratic. 

Primary Mineralogy: 
Where phaneritic - Q u a r t z ,  c lear  and  s l ight ly  smoky. 

K-Feldspar, pale p i n k ,  s l igh t ly  altered. 
Chlorite, green , 
Albite(?) , white. 
Muscovite, 

Where aphani t i  c and porphyritic - K-fel d p a r  phenocrysts . 
A1 terat ion Mineralogy: 

I. Pervasive A1 t e r a t i  on i n  the Phaneri t i c  areas : 
Muscovite, fine-grained, replacing feldspars. 
Clays(?),  replacing feldspars. 
Chlorite, green, probably  replacing b io t i t e .  
Pyrite,  f ine  grained, disseminated, 

brass-col ored. 

2. Pervasive A 1  teration i n  the A p h a n i  t i c  areas: 
Q u a r t z ,  dark gray, m i  crophenocrysts . 
Feldspar, pale p i n k ,  microphenocrysts poss ib ly  

K-feldspar. 
Serici t e ,  white. 
Carbonate(?) , l i g h t  green. 

The aphanitic areas dre parallel w i t h  the s e r i c i t i c  veining and are 
probably t h i  n breccia d i  kes w i t h  para1 1 el and nonparall el wall s empl aced 
by a f luidizat ion process. 

3 .  Vein1 et-control 7 ed A 1  t e r a t i  on: 
(1) Seri ci t e (  ? )  + quartz vein1 e t s .  

S t r a i g h t ,  parallel walls, 
S e r i c i t e ( ? ) ,  very fine-grained. 
Q u a r t z ,  gray,  
Pyrite,  very sparse, very f ine grained. 
f l a y ( ? ) ,  l i g h t  green. 

1 



68537 TH IN-SECTIOM DESCRIPTION 

c A1 t e r a t i  on Type : Carbonate-serici t e  arid 6recc i~ t ion  

Style: Veinlet-controlled, minor pervasive, and 
open-space f i  11 ings 

Intensity: Moderate 
Extent: 15% pervasive i n  granites 

Protol  i t h :  Granite 

P ro to l  i t h  M i  neral s : Quartz, m i  crocl i ne, p l  a g i  ocl ase. 

A1 t e r a t i  on Mi neral s : Carbonate and muscovite i n patches ; 
seri c i t e  i n vei n l  e t s  ; pyrite d i  ssemi na ted  
and i n vei n l  e ts  ; ear ly  pervasive chl ori t e  

Open-space F i  11 i ng M i  neral s : 

Remarks: 

Quartz, f i  ne-grai ned 

Specimen appears t o  be f rom a shear o r  
shatter zone. 
textures w i t h o u t  rotation o f  fragments w e  
cornon. 

"Pull -apart" o r  exploded 



68538 HAND-SPECIMEN DESCRIPTION 

Color: L i g h t  gray, speckled p i n k .  

Texture: 

&$in size:  

Phaneritic, i n  general , b u t  some areas are aphanitic. 
c 

Medium t o  fine grained. 

Fabric: Equigranular and subhedral i n  phaneritic par ts .  Otherwise 
porphyritic and subhedral . 

Homogeneity: Vuggy. Numerous veins which form a stockworks. 

Color index: 10% leucocratic. 

Primary Mineralogy: 
Where phaneri t i c  - Q u a r t z ,  c lear  and  s l igh t ly  smoky. 

K-Feldspar, remnant, much al tered,  pale p i n k .  
Albi te(?)  white. 
Muscovites 

Where aphani t i c  and  porphyritic - K-feldpar phenocrysts. 

A l  t e ra t ion  Mineralogy: 

1. Pervasive Alteration i n  the Phaneritic areas: 
Muscovite, fine-grained, replacirlg feldspars. 
Clays(?) , replacing fsldspars. 
Chlorite, green, minor,  mostly replacing 

c 
bio t i t e  and now mostly replaced by 
muscovite. 

2.  Pervasive Alteration i n  the Aphanitic areas: 
Q u a r t z ,  dark  gray 
Feldspar, cream-colored, possibly a lb i t e ,  b u t  
now mostly replaced by se r i c i t e .  

The aphanitic areas are associated w i t h  the stockwork veining and are 
probably an a l t e r a t i o n  fabric.  

3. Vei nl et-control 1 ed A 1  t e r a t i  on : 
(1) Ser i c i t e ( ? )  + quartz veinlet  stockworks. 

Strai  g h t  , para1 1 el  wall s 
S e r i c i t e ( ? ) ,  very fine-grained. 
Q u a r t z ,  gray, 
Pyrite,  very sparse, very f ine  grained. 

Remarks : Presence o f  carbonate confirmed by d i lu te  acid. 

XRD analysis completed. 

a 
I 
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- 68538 THIN-SECTION DESCRIPTION 

r A7 terat ion Type: Carbonate-serici t e  and Brecciation 

Style: Pervasive, veinlet-controlled, and 
open-space f i  11 i ng 

Intensity: Intense 
Extent: 40% 

Protolith: Microclasts o f  chlor i t ized granite 

Pro to l  i t h  M i  neral s : Quartz, m i  crocl i ne, p l  agiocl ase, m i  nor 
ch lor i te  i n  c l a s t s  

A1 t e r a t i  on M i  neral s : Carbonate, se r i  c i  t e  

Remarks: T h i s  specimen i s  a microbreccia w i t h  
ch lor i t i t ed  granite clasts and a 
quartz-feldspar ma t r ix  

XRD analysis completed. X-ray Diffraction Analysis: I l l i t e  2Ml polytype. 
Ferroan clinochlore IIB polytype. 
Muscovite ZM1 and(or) 2M2 polytypes are  
possibly present. 

c 



r 
68539 - 
Color: 

HAND-SPEC I MEN DESCRIPTION 

Ligh t  gray, speckled green and white, 

Texture: Phaneritic. 

&Fin size:  Medium grained. 

Fabri c: Equi  g r a d  a r ,  very sparsely porphyri ti c,  subhedral 

Homogeneity: S l i g h t  flow banding.  Some veins. 

Color index: ICE,, leucocratic. 

Primary Mineralow: Quartz,  c lear  and s l igh t ly  smoky. 
FeldsPar, white and pale pink:  
Biot i te ,  black 

Alteration Mineralogy: Pyrite,  pale-colored, disseminated. 
Chlorite, green, mostly replacing b io t i t e ,  
? Muscovite, minor 

Veinlet-control led Mineralogy: 
Discontinous, pale p i n k  o r  w h i t e  feldspar,  w i t h  fine 

ag rega te s  o f  pyri te  cubes, and minor epidote. 

--- I 



- 68539 THIN-SECTION DESCRIPTION 

Alteration Type: Deuteric s e r i c i t i c  and chloritic. 

Style: Miarolitic cavity f i l l ings  and pervasive. 
Intensity: Weak. 

Extent: Pervasive is  about  20%. 

Proto’ l i th :  Muscovite-biotite granite. 

P r o t o l i t h  Minerals: Quartz, microcline, plagioclase, b io t i te ,  
muscovite, z i  rcon, monzzi t e ,  a p a t i  te. 
cass i te r i te  ( a  single g r a i n ) .  

Pervasive Alteration Minerals: Some muscovite a f te r  bioti te and quartz.  
A l i t t l e  se r ic i te  a f te r  plagioclase and 
m i  crocl i ne. 
Considerable chlorite and very minor 
epi dote a f te r  b i  o t i  t e ,  

Open-space F i l l i n g  Minerals: Chlorite, muscovite, monazite, carbonate. 

Remarks: Both styles o f  alteration are early and  
deuteric, probably n o t  associated w i t h  
epigeneti c m i  neral i z a  ti on. 
Deuteric alteration is  stronger t h a n  i n  
t h i n  section 68540. 

. . .. 



- 68540 HAND-SPECIl4EN DESCRIPTION 

Color: Light gray, speckled black. 

Texture: Aphani t i c  
c- 

Gra!n size: Fine grained. 

Fabric: Equigranular, very sparsely porphyritic, subhedral. 

Homogeneity: Slightly miarolitic. 

Color index: 10-EX, leucocratic. 

Primary Mineralogy: Quartz, clear and slightly smoky. 
Feldspar, white and pale pink, 
Biotite,-black 
? Muscovite, minor 



68540 - 
f '  

c 

THIN-SECTION DESCRIPTION 

Alteration Type: 

Style: 

Extent: 

Deuteric s e r i c i t i c  and ch lor i t ic .  

Miaroli t ic cavity f i l l ings  and pervasive, 

Pervasive i s  less than I@%. 
Intensity: Weak. 

Proto l  i t h :  Muscovi te-bi o t i  t e  grani te ,  

Protolith Minerals: Quartz, microcline, plagioclase, b i o t i t e ,  
muscovi t e ,  z i  rcon , rnonazi te .  

Pervasive Alteration Minerals: Some muscovite a f t e r  b i o t i t e  and quartz. 
A l i t t l e  s e r i c i t e  a f t e r  plagioclase and 
m i  crocl i ne. 
Some chlor i te  a f t e r  b io t i t e ,  

Open-space Fi  7 1 i ng M i  neral s : Chl ori t e  , muscovi t e  , monazi t e ,  carbonate. 

Remarks: B o t h  styles of a l te ra t ion  are early and  
deuteric, probably not associated w i t h  
epigenetic mine ra l i za t ion .  
T h i s  rock i s  very l i t t l e  altered.  



I 
Appendix 2. X-ray Diffractoqrams for Phyllosi l i c a t e  Analysis 

. 








