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Zones 

Tourmaline 

Black 
(schorl!te} 

Gold 

Core 

l:ieryl -5-
Green 

/12-14%Be0 

Minor alkalies 

Blue, light 
colors, 

10°;o BeO 

Niobite
tantalite 

Nb>Ta 

Ta>Nb 

I Intermediate Wall zone 
I zone I 

(3) 

Intermediate zone 

(1) Thick fracture filling that extends from inner zones of pegmatite across 
wall and border zones into country rock. 

(2) Thin fracture fillings that were developed during formation of 
discontinuous intermediate zone and podlike core of pegmatite. 

(3) Fracture fillings in large, irregular pegmatite body. 

Fin.1.2.1a Guilbert L Park
1
1986 Pegmatite wall rock contact 

0 80 
Contact between pegmatite units 

0 30 
. Cryptic zoning from wall zone to core in individual pegmatite mineral 

mtpositedfrom Cameron et al., 194~.) 
ft 

Fig.1.2.1b Guilbert 'Park,19B6 

ANATOMY AND CLASS I FICATIO~ 

Fig.1.3a Vlasov's classification scheme ~1982 

Fig. Schematic sectiOit o-f different textural-paragenetic 
pegmatite types of Vlasov (1952). 1 - pegmatite of 
granitic texture; 2- graphic pegme1tite; 3- b1ockv 
K-feldspar, spodumene (oligoclase); 4 - blocky and 
core quartz; 5- replacement zone (albitization with 
muscovite, beryl, tantalite, etc.): 6- crvstals of 
rare-element accessory minerals; 7- muscovite+ qu~rt~ 
+ albite border fringe. 

Table 1.2.3a Mineralogy of ite Zones 
N.B. Most accessories listed in Table 1.2.2a 
occur in any zone, and are not listed here. 
(after Guilbert & Park, 1986) 
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Fig.1.2.3a.System Ab-Or-Qz 

( 5 kb)(Mc B i r ney,1984) 

Fig.1.2.3b Jahns&. 1963 
Frc. i!f11-: Distributwn or normative albite. orthoclase. and quartz in pegmatite-aplite intrusins. related to trend of the isobaric 

11inimum r dashed line) in the system :\a.\lSi"O,-K.\1Si10,-SiO~-HcO under water-vapor pressures ranging from 0.5 to-t kilol;ars G-
1ormative plot for average oi 5 71 analyzed granitic rocks (Tuttle and Bowen, 1958, pp. 7 5, /91 o-Bther-potH4s.a5 iol!ows: 

Fig. i. 2. 3c 1982· CHEMICAL COMPOSITIONS OF GRANITIC PEG~~TITE~ 
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Na20 
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0.45 

Fe203 
LJ 5 FeD 
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Ct-ust ite 
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K Li v 
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Na F'b 
Ca. B Th 
L1 Th Cl 
Rb Sn c 
Cs Hf C--. .. .'L 

Ba. Cs r·1CJ 
t·1g u ~J 

Fe Be Bi 
B As As 
F Ta Sb 
F Ge Zn 
Sr- t·1o ~ ~·J Cd 
~1n Tl Cu. 
Be Sb F'b 
Sn Cd Tl 
Ti Bi G.;:;. 
Lr- Ge 

Cerny~ 1 O•:J·-:-• and S;mi th ~ i OC)i ) .'W.::.... .:,. /WJ. 

Fig. 1.2.3d cont~ct Trace Element Compositions of 
and Granitoid (listed in 

te Granite te Granite 
La 14s l't 
Ce 36.87 13.04 
Nd 30.53 7 11 
Sm 4.71 1c81 
Eu 12 0. :r 

}1 .. } 

Tb 1. 09 0. 34 
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Fig. 2.4.4a Modal Variations Across the Pegmatite 

t·1i net-al Qz t:::sp Pl ag Gnt t·!usc Beryl Zc~r1e 

Border r-:t::"•! 
6f);~: 5- 1 o;·~ .:-.~~ ... 

5-1t);·~ 
L.Jl= 

Ll= 
t1J.:3J l 35:1~ 40i: 1 0-1 5i: 1 \)-15~~: Core 65;:~ 2(J;~ ·. 5i: !::"'•:" C:J;/ i - -:;=/ ...J/u ._,/:a J. a-1/J: 

0 0 u 
Q 0 0 6 

t) 00 0 u. jt-~:t -
J-j I I ) 1 s J 1 I f k\1± I ) 1{1- -[ f J ( }fJ-1 f t -ld } !! . tl3r00 

Fig. 2.4.4b Schematic of Pegmatite Zonation 

Border zone- graphic pegmatite 
Vlasov~s Section 2 

Wall zone- blocky K-feldspar 
Vlasov~s Section 3 

Core zone- banded quartz + accessories 
Vlasov~s Section 7 

(after Cerny,1982;see Fig 1.3) 
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1 
3 

l.Fine-grained felsic aplitic pod 
in core of pegmatite. Note 
surrounding coarser material 
(lens cap for scale). 

2.Aplite-pegmatite contact. 
Note increase in grain size 
away from contact in the 
pegmatite. Dark patches are 
muscovites growing normal to 
the contact. Garnet near bottom 
of photo(brown colour). 

3.Zonation of pegmatite; 
contact with granodiorite. Note 
quartz-rich core and feldspar
rich wall and contact zones. 
Corresponding schematic in Fig. 
2.4.4b at widest point of 
pegmatite. Note highly graphic 
nature of the pegmatite. 



4 
L w 

4.Border zone-large garnet in 
center of photo; local quartz
rich patches. Dark patches are 
muscovite-note increasing 
muscovite content from contact 
(right) to wall zone(left). 

5.Perthite and K-feldspars 
including garnets. Note that 
the larger feldspar at the 
bottom of the photo floats in a 
quartz matrix. Garnets grow 
mainly in the feldspars. 

6.Large aplitic pod; grades from 
felsic(top) to mafic(bottom). 
Note coarser material around 
the pod. 



9 

c w 

?.Isolated, megacrystic 
feldspars, and xenoliths in 
granodiorite. Feldspars are 
about 8 em across. Note similar 
orientations of xenoliths. 

B.Foliation in monzogranite 
defined by aligned feldspar 
laths. Foliation extends from 
left to right in photo. Quartz 
veinlet in upper left-hand 
corner. 

9.Large xenoliths in the 
monzogranite. Xenoliths contain 
small felsic stringers not 
continuous with the 
monzogranite.Note that the 
xenoliths appear as fragments of 
a larger block. 



lO.Stoped, fractured aplite in granodiorite (1'' drill hole for scalel. 
Note the fractures normal to the long axis of the block. 11.Banding and 
pegmatite veins in banded aplite. Note the parallel nature of the bands. 
12.Dutcrop overview (main peqmatite diagonally across photo). Banded 
aplite and monzogranite to left of pegmatite, granodiorite to the right. 

12 



f 

c 

larger 

-31-

er 3 

oduc 

ons 3 2 to 3.5 pres detailed petr 1c descr i s f 

ock its described in er Two. The descr ions are 

i es made fr an average of to 5 thin sections er rock e. 

i 

e 

s 

sec i les are as fresh as possible, and come from he 

c act r s of e rock un1 

Overal Descr i 

l compositions f t e zograni e' based 0 

eac f five sl des are 36% K-fel crocli e + 

2 p oc ase 23% z b i e 

~1% opaque era e mi era s are ar 

average grai S1Ze of 1 5-2 e fe e .5-2 s 

er grains forming a iata i 1C ure. 

on i weat ering a s of t e zogranite s 

e frac ured. st samples sh a moderate f liation defi ed 

fel l 

c s f it 

e K- e 1S st cr e e 

i S1 e' and s c s 

cr e 

1C e. 



-32-

ze of 1-3 e e a ar s edra 

ca e amel ae e ed c 

emi-ori z i e i f a 

ur gr z es i t e p oclase. Bioti rare 

t e ocl se 

e z is anhedral, averages 1-2 5 acr s 

s undulose extinction owing o e misorientation of s i s 

average of 6c:). The s ins have grai e and sli lattice

ferr ori i owing e strain i t e z. The z 

ea ed fractures and a f muscovite inclusions. The larger 

gra i narr le structures f relative strain-free 

e biotite 1s ed-brown to greeni h-br ref ec i 

t e variable Fe content 

form decuss 

rare 

e 

c 

These crystals have an average s1ze 

e aggr 

edra 

es The biot te 1s c 

rysta s overgr e 

te is a edral var1 

form undeformed dec e 

st s t 

e i e 

i 

fe 

ize fr 

es 

e average s -3 

e 

2-2 

z 

a 

s 

z 



3. 

cry 

re s 

-33-

scr i s it 2 

e fe s have an average grain size of -3 

subhedral. e croc i e exhibi s cross-hate 

e ens i l i z 

ed bioti e ere are common 

udes rounded 

tic and ic intergr 

z crystal oundari 

s s undulose extinc lon 

e 

and eriors, respective 

indicating a moderate 

mm s 

These 

ee of 

edra 

forms aggr es 

z has an average size of -2 

Fractures, undulose extinc i core 

ures 

es. 

i 

and lattice-preferred orientations of s 

z l lude rare b oc e 

e l lase averages i 

a tered Ca-rie c e z 

is n t e cores and 

e pl oc es 

f i 

e e 

s ti l 

e 

ins are c 

ameter i 

e i 

ee 

s 

e 

s c 

i 

hs 

f 



-34-

i e i are 

e s are edra e 

br i SlZe fr mm i r of opaque erals 

red Fe i ial order t e garnets. ese garnets are 

e ed and are general 1 1 ion-free. 

3 3 Overall Descr i 

granodiorite has an average grain size of .5-1.5 mm is sli 

er-gra 

z 

ase 

e 

e 

a 

ores 

i 

f 

s 

s a er biotite and oclase content t e 

e moda compo ition of Unit 3 1s as follows: 9% 

s 8% z 16% biotite, 13% K-fel and 

e samples are ar and ic t 

enocrys s. The samples show 1 tt e alterati 

rare 

, al t e 

i 

ibi s i zati 

eral Descr s 

e pl 

eration 

frac 

oclase 1s concentr cal zoned 

0 ite mic e zoned c s 

common COVl 

Ca-rie 

ls are 

z 

ear e rims. ic intergrowt wit z is also 

e z gra 

se 

z rar 

e i f 

s are 2-3 

e 

i e 

ture are 

average 

r 

e 

0 

e f 1 

e e 



-35-

e ec c a e e e 

fe edra ion-fre 5 

of e croc i 

l e z 

t e era ese e e le ered se 

e c average s ze o f 

e eral e c e is 

f Rar r z fe ncl i a 

i i 

er f e ar 

e era 

e a 

l 5-

e- es 

i 

a 

e 



ze 

i 

-36-

i z s t 

e i e, z 

e eedles. so e z ed c sta c se 

e muscovite averages mm i 1 1nc ease 

contac s. 

on-free. 

e grai s form decus e aggr e 

Ki ng 

ear es 

e garnets are 

se c s a 

i e 

e 

it Core one eral 

e mal m1 era i e c 

ery Pl a e 

e grai s average 

i 

i 

c 

edra 

ac 

scr 

e r 

s 

earing of t e crys a s re 

all ot er 

acros 

ses i 

e garnets 

on 

are z e 

and 

t e 

present 1n significant 

han 5 em acr s go e 

c s 1 

eferr 

c i 

c 

i 

ar 

e a 

order 

s 

a ter to 

garnet 

i 

i 



-37-

e 1s r i 0 c 

0 z 

t Fe i a ong t e rims 

frac i c e garnet a include c 

i e a ong t e rims. 

e covi e is edra sate appearance 

and 1s sli nked. z and 

has a dec 

oriented i te eedles are 

c 

c 

s in t e muscovite. 

beryl is a s euhedral, li green 1n colour, and 

Rare fringes of ot looking alteration line some 

ures e 

s are very 

iented ite 

e 3 1 summarize 

l includes rare z and fel 

visible at low magnificati 

eedles are also common 1nc 1ons. 

e modal estimates of a l rock it 

and flui 

Rare 

5,3 Cone usi s 

s c i are from e ob ervati i i 

e z i gran te e ura 

a s er 

e i 

s 

i 

f 

e 



-38-

b.K-FELDSPAR 

-----,_ 40 
r-

a.OUARTZ 

5 '(} 2 -

,___ 
~ 

M A G p A G p 

50- c.P lAG I 0 C l A S E 
II 

30 

10 

n 

16 

14 

12 

10-

8 

6 

4-

2-

0 

d.MUSCOVIT E 

8 ..--

7 -
-- 6 

5 -
4 i- ,....---

3 

n 2 -
M A G p M A G p 

f. BIOTITE g. BERYL 

- 2 

-~~-

1 

M A G p M A G p 

Fion 3.1 Modal variations and g ai 
,units. M=monzogranite<Unit 1)~ 
(Unit 3)~ P=main pegmat te. 

e.GARNET 

5-

4-

3 

2 

1-

0 
A M G p 

h. GRAIN SIZE 

3 

-

2 

mm 

1 -

M A G 

-, 1 1 -=··..!. J. 

ite(Unit ~-~> 



p 

i 

s 

b 

i of 

i 

c 

ereas 

op i 

e e ura 

core of the 

-39-

fference 

ite. 

en e et 

e mi erals in t e core z e are s ended i lated i a 

e 

s 

ssive z i.e z in some r ons 

ical f granit i t 

z i t e ore of t e p ite is banded much 

z 

c 

i clear 

he 

siti 

ot 

11 

of 

order zones 1s not banded 

e ore, as indicated 

ic 

t e modal 

e 

Some of t e covite in it and 3 is total 

e episode of de 

undeformed 

ugges ing that it gr after or during 

5 e 

un1 s 

U1 overpri 

z 1 e 

ing 

e e 

e i e. 

i e s 

sugges ing that the de ormation of t e 

i 

es def 

er 

e 



-40-

er 

Fluid I lusion 

1 r ti 

If t e core of the p ite is ermal 1n ori n as pr osed i 

i 

c 

i 

3 t en fluid inclusions in t e core zone should have 1 

zati temperatures and p ssib hi salinities edder 1 84 

t e f 

fi 

d i 

et er 

US10n i several garnets from he core z e 

revea dat 

a cry tal gr 

rystal 

i 

e 

for 

e 

i 

e garnets 

out e c 

a fluid-ric 

rapped. 

a t e 

a fl 

s 

e 

core z e are 

ositi of t e p 

medi 

1S fluid 

c tal coo 

i 1 1on 

f 

e 

e 

f 

e 

s 0 

i 

ermal i 

itic flui 

lui adhere 

reheating, 

e o 

e e ec 



Descr 

para 

s 

-41-

i of a ical Flui nclusion Pattern Garnet 

e .2 a sketch f t e garnet scribed el i 

out 80-90 mic s t ick and is extreme clear e 

bel are descr ions of the garnet divided f al 

s a 

The inclusions in t is zone are hi variable 

size and li d to vapour ratio They vary from rounded o 

1 ed and the vapour bubble is common located in the middle 

lusion. ese inclus ons 1 e in a pl e and are 

i p ane. I lusions 2n this focal range be 

.e formed during the gr of the cry tal ecause t ey 

e parall 1 o a face of e c sta 

e 1 es of the inc usi s in t is range are 

and oriented at a constant 

are, therefore probab 

e to a growth face of the 

pr 

thin necked and cyli 

of ab e our 

i f e arger i 

i i 

es. 

i c 

r 

i lusions 

ical 

are 

ar 

e, 

ese 

have 

era 

r 

i 

a 

1 



ee 

s 

of 

t 

s 

i 

ugges s 

i 

zat 

of c 

fi 

-42-

Temperatur 

c for i 

frac e rat er 

t e garnet freeze 

g 

i 

s 

ecause 

l l. e 

-3 i i 

e 0 

z 



-43-

ab e .aa Freezing and 

Tr1 a.l 
1 
,...., 
..::.. 

4 

6 
l 

8 
c,· 
1 () 
i " 
J. l 

12 
1 ... 
14 
it:; 
.!.· ... .} 

16 
1 / 
18 
19 
20 
21 
t-,.-.l 

LL 

23 
24 
25 

Th (C) Tt (C /.C02 Salini (/. 
214 2 -: 8 15 6u4 
214 3 
225 2 
225 4 
243.2 
243 0 
243 -.:: 
235 9 
235 E: 

·;-::-:: 7 
..i-·-:·-1 11 l 

ll"77 c 
£ .. ) .. ) ._: 

233 5 

215. ! 

212 9 
21..::-. 1 
203.5 
203.5 
2<)3 5 
,..'), 0 
~ .i. ·- \_1 

213 9 
216 2 
216 -· 

-3.9 

-3 7 
-.::.. 6 
-:.6 
-:.8 
--::: 9 
--::: 9 
-: 8 
-- 6 
-._ 5 
-._ 5 
- a 

- c I 

-- 8 
-._ 7 

-._ .• 6 
- .. a 

·-· c ! 

-3.8 
- a _, ... 

20 

2t) 

.-,r;;:
L._l 

2<) 

10 
15 
15 
2\) 

20 

20 
20 
2<) 

25 

Fig. 4.2a Garnet Sketch 

1.2 mm 

6.4 
b • . ::..9 
6.39 
5.99 
5.99 
L t1 
W::-r 

6.41 
6.41 
6.4 
5 99 

6.41 
'-'• 4 
6.39 

5.72 

6.41 
6.41 
6.4 

6.41 

Focal Range 

- 50- 10./"-

20-50/A 



Freq. 

Freq. 

-44-

-
12 

10 

8 

4 

-...---, 

2 

oL-~~--~~--~~-4--+-~--.-.~-4--4-----.-~-+--+--+~~4--+--

-

13"' 

11 

9 

7-

5 

3 

1 -

200 210 e2.0 t30 2.40 

INNER CORE 

Th (C) 

OUTER CORE 

Fio.4.1a Freezing temperature histogram. 

enization temperature 
hi stogr·c:;,m. 

-3.45 - 3~55 - 3~65 - 3~75 - 3~85 -3.
1
95 

OUTER CORE 1 t (C) INNER CORE 



-45-

0~--------~----------~--------------------~------~--~ 
.2 .4 .6 .8 0 

DENSITY (g/ cm3
) 

Roedder,1984 
F1gure 4-5. Temperature-oens1ty diagram for..Jthe system HzO, plotted from the data of Kennedy 
(19SOb) and Maier and Franc~'. (1966). The h0110genization benavior of four inclusions, all trappec 
at 54o•c (but at d1fferent pressures), is indicated. Liquid- blacK; gas -colorless; fluid -
gray. Toe inclusions having density 0.9 and 0.7 homogeniZe in the liquid phase (l); that havin~ 
oensltv -0.3 homogenizes at the cr1t1ca1 point; that having density 0.1 homogenizes in the gas 
pnue -{G). Mod1fled from Roedder (1972). 
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Roedder 1984 

Table 8-2. Relation between depression of the freezing point e and wt~ NaC1 (Ws) 
[from equation (4) of Potter et a1.(1978)]. 

e ws e ws e ws 
8 (Wt 'l',) ffi (Wt \) ffi (Wt t) 

0.000 0.000 7.000 10.508 14.000 17.893 
1.000 1.698 8.000 11.728 15.000 18.767 
2.000 3. 343 9.000 12.886 16.000 19.606 
3.000 4.922 10.000 13.985 17.000 20.412 
4.000 6.430 11.000 15.032 18.000 21.189 
5.000 7.862 12.000 16.029 19.000 21.939 
6.000 9. 221 13.000 16.982 20.000 22.663 

20.500 23.016 

ws = o.oo + 1.76958 e - 4.2384 x 10-2 e 2 + 5.2778 x lo-4 e 3[z 0.028]. 

e = o.oo + u.581855 ws + 3.48896 x lo-3ws 2 + 4.314 x lu-4ws 3[z 0.03°], 

where e = the freezing point depression in °C, and Ws =the weight percent NaCl 
in solution. Table 8-2 gives a selected series of values derived from the 
second equation. 
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Fig,4.4 Roedder:-1984 
Figure ~ P-l plot of isothenas showing COIIIPOSltions of coexisting phases in the syste~~ HzO-
COz, using data of Todheide and Francli: { 1963) and Greenwood and Barnes (1966). The upper 
abscissa shows 'IOlume percent COz at 2s•c along the COz liquid-vapor curve {64 bars), assU111htg 
densities of co2 11qu1d, co2 vapor. and H~ ltquid of 0.71. 0.24, and 1.0 g/~. respectively 
(Newitt et al., 1956; Keenan et al., 1!tci9}. The 1Met shows the two-dt~~enstonal appearance at 
the stated cond1t1ons for thrn eyHIM!rical hsdusiOM lining COII!IpositioM IS ghen (Hqu1d COz 
shaded), wtl1ch are also "'-" on tiM cUaF•· The ZSO"C h~ for a 6 wt lllaC1 so1ut1on 
f·Olll Taitenouchi and Kenne<ly (1!tciSb) is shown f'or coaparhon. Froa lloedder and Bodnar (1980). 
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Fig. 5.5b Continental crust-normalized trace element plots. 
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Table 6.2a Unit 1 Mi 

Si02 
TiO:.c: 
Al2D::s 
Ct-20::s 
FeD 
NiO 
MnD 
MgO 
CaD 
Na::zO 
K20 
Total 

Plagl 
64.95 
0.03 

23. f)2 
0.06 
0.10 
0.00 
0.00 
0.00 

10. 12 
0.21 

102.08 

Pl 
64.50 
0.00 

23.19 
0.06 
0. 11 
0.00 
0. 11 
0.02 
3.92 
9.64 
0.26 

101.80 

Table 6.3a Unit 2 Mi 

Pl a.g 1 
Si02 65.69 
Ti 0.00 
Al2D::s 23.29 
Cr-203 
FeD 
NiO 
MnD 

CaO 
Na20 
K20 
Total 

0.00 
0.00 
0.00 
0.00 

3.36 
7.41 
0. 15 

99.88 

Plag2 
64.60 

23. 1() 
0.03 
0.00 
0.00 
0.01 
0.00 
3.28 
9.89 
0.24 

101. 17 

Table 6.4a Unit 3 Mi 

FeD 
0 

MnO 

CaD 
Na 2 0 

Total 

Plag1 
64.00 

f)u \)6 

22~:51 

0.07 
0. 11 
0.00 
0. 10 
0.02 
7 II 
-.:.~: I I 

a <t::: I:: ._ • ._~ 

0.14 
1 (H)= 13 

Pl 
64.40 

(). (:4 

f)a i)6 

<). 14 
0 00 
0.00 
(J. (;2 

3.41 
9.62 
()= 2\) 

100.37 

-60-

analyses and structural for a.e 

1 
65.55 
0.05 

65.71 
0.07 

18.94 

Ca 
Na 
K 

0.06 Al 
0. 14 Si 

F'lag1 Pl 
0.17 0.18 

.-. oc:· 
U. u._J 0.81 

0.01 

1 
.004 .004 

0.08 0.05 
0.88 0.87 0.012 

1. 17 
2.81 

L 19 1. 02 1 . 02 
2. 80 2. 9'7' 2. 9'=! 

18.90 
0.09 
0.07 
0.00 
0.08 
0.01 
0.09 

0.00 0 8.00 8.00 8.00 8.00 

0.95 
15. 17 

i(H)" 9t: 

0. 1 (1 

(Jm t)J 

1 !1 07 J.,.. &: l l 

100.72 

analyses and structural formulae 

Kspl Plag1 Pl Kspl Ksp2 
65.09 63.83 Ca 0.15 0.15 0 0 

0.03 0.00 Na 0.63 0.84 0.06 0.08 
19.53 19.49 K .008 0.01 0.91 0 93 
0.00 \)= (37 [\ 1 

r!J. 

0.02 
0.00 
0.00 

() c \)(; Si 
0.00 0 
l): (it) 

0.00 0.00 
0.01 0.02 
0.67 0.90 

15.61 15.93 
100.95 100.24 

; i Q 
J. c J. I i. 05 1. 06 

2.86 2 .. 97 2.95 
8.00 8.00 8.00 8. 

analyses and structural formulae 

65.09 
i)= t)7 

18.71 
0.09 

64=73 
<)= t)8 

19.00 
0.08 
o. 14 

r·-. 
L·O. 

Na. 
t::: 
Al 
Si 0. 14 

0.00 
0.00 
0.03 

0.00 0 

0.00 
0.06 0.12 

15.26 15.48 
1 (H) = 3 2 1 (H) : 54 

0. i 7 
0.80 
= (:t)7 
.lJ ; -r 
1 • J. .... 

2.82 
8= f)(J 

0.82 
0.01 
i i -; 
J. = J. ... 

"J Cl7 
.L...= W·-: 

1 
= t)(J3 = (;<)6 

(J • t) 7 {) :c i) 7 
0.89 0.91 
1. 01 1. 03 
2.99 2.97 
8: t)i) 8. (><) 
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Ta.bl e 6 5a. t te analyses and structural formulae 

Si02 
Ti02 
Al203 
Cr203 
FeD 
NiD 
t1n0 

CaO 

Plagl 
65.10 
0.04 

23.02 
(). (>() 

0 = 11 

0.00 
(.) c \)3 

3.47 
9 58 
0.08 

Totc:l.l 101 43 
Bm-der 

Zone 

Pl 
69.62 
0.05 

20.49 
0.00 
0. 1-::: 
0.00 
0.00 
0.02 
0.79 

10.34 
0.06 

101 51 
Core 

Kspl 
6!.1. 70 
0.09 

19 00 
0.00 
0.16 
0.00 
<). <)3 
o.cc 
0. 1_. 
0.78 

15.40 

Ksp2 
64.63 
0.07 

t-9. 14 
0.00 
0.19 
0.00 
0.00 
0.04 
0. 13 
1 10 

14. T7' 
100.66 100.48 
Border

Zone Zone 

Ca 
Na. 
K 
Al 

[I 

Pl.3gl Pla.g2 
0.16 0.04 
0.81 0.86 
.004 003 
1 18 1. 04 
2.83 2.98 
8.00 8.00 

1 Ksp2 
006 .006 

0.07 0.09 
() = 9i) <). 87 
1. u..::. 1 04 

8.00 8.00 

Table 6.5a Pegmatite Microorobe a.nal~_,c_.P_-_~ ~.nd + t 
r • g S~ruc_ural formulae 

Ti02 
203 

Cr203 
FeD 

0 
MnO 

Ca.O 

Garnet1 
36.88 
0.00 

20.74 
0.00 

25~~95 

0.00 
15.49 
1. 14 
0.28 
0.08 

Ga.rnet2 Garneti 
36.13 Ca. 0.02 
0.04 Fe 1.77 

20.35 0.14 
0.00 Mn 1.07 

24.17 Al 1.99 
0.00 Cr 0.00 

17.75 Ti 0.00 
0.99 Si 3.00 
0.33 0 12.00 
0. 11 

0.00 o.oo 
99.86 
Core 

Fig.6.5e ical 

L 2. 
Si02 
TiD2 
Al2D3 
Cr-203 
FeO 
NiO 
t¥1n0 
t1g0 
Ca.O 

33.36 

14.99 

43.10 

1. 10 

35. ](J 

1 0 ':•·""") 
- .r;:: .r:...::... 

28 35 

15~r32 

0.27 
0.26 

\)= f)3 
I ..._' 

.;_ Cil \.,...I/ 

<)~ 12 
L24 
1.98 
0.00 
0.00 

12 =(H) 

ites 

2 
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/ "" \ 

~/~' • .\ Mg0•10 Jd~~ 
FeO ' 

FeO 

CaO • 10 

MnO 

Fig.6.5f Cernyl1982 
FIG. Compositional fields of garnet from different 

pegmatite types; A- northern Karelia (Salye 1975): 
1 - muscovite formation A, 2 - muscovite formation 
B, 3- muscovite + rare-metal formation, 4 - rare
element formation; B and C - Winnipeg River district 
Manitoba (Cerny et al. 1981): diverse pegmatite ' 
groups of a complex rare-element district. 

Other typical values from 
XF:D terns. 

Tt- i -3.1 ·7·~ 

• =border and wall zone feidspars 
, c. • =core zone feldspars 
~- fi~ -

Fig. e. Reference diagram rdating 2 9(060) and 2 0(204) in the -three-peak~ method or WrisJlt 
(1968~ The four solid squares show reference points for the eftreme end-members, and tbe 
straight lines represent Orville's microcline and sanidine seric:!S and the orthoclase series or Wfiaht 
and Stewart. The dashed lines show ion-exchange paths. Small circles show data for natural feldspars. 
The aossing contours show the expected values for 28(201). This figure is analogous to Fi,. 7-14b, 
whose legend provides further information. (From Wright.. 1968. Fig. 31 
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GRANITE 
340! 23 m.y. 

( s7sr/BGsr)0 = o.-io2 ± o.oo3 

5 

87Rb/ 
7 86 sr 

10 

Fig.7.1 Age dating Port Mouton Pluton Keppie & Smith,1978 
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Fig.7.2 Cernyl1982 
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PAQ.VAP 
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3 

(KB) 
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5 

Fig. Experimentally determined relationships between confining 

-

pressure of aqueous vapor and temperatures of beginning of crys
tallization (BC) and beginning of melting (BM) for Stone Moun
tain, Georgia granite (GR. and long-dash curves) and for Hard
ing, New Mexico pegmatite (PEG. and short-dash curves). Each 
pair of curves defines maximum temperature ranges of isobaric 
crystallization for the corresponding vapor-saturated rock -
water system (see double-barbed arrows). Relationships for the 
haplogranite NaA1Si 3o8 - KAlsi 3o

8 
- SiO - H

2
0 are shown 

for comparison curve). Based on data from C.W. Burn-
ham, P.M. Fenn, Jahns, \~.C. Luth, R.F. Hartin, J.c. Stein-
er, and O.F. Tuttle. 
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-76- outline oi model for the dcriYation 0f water-saturated granitic mag-mas (with or without 
crystallization of pegmatites and related rocks. The following processe'- are indicate<! 

minerals. ·with 
prt•sure on the system 

of water from the silicate mtlt. 

phases and silicate melt, 

rtactior> between solid phases and 

nu- bod) silicate melt. with movement materials by and througt the 

tota ~ confminc 
~ilicatc melt .. 

01: th system. witb attendant 
or without reaction 

of nmwolatilc constituents between silicate melt and increasing amounts of aqueom fluid. with dll1usion 
materials along concentration gradient~, especially in the aqueous phase; crystallization from both fluid phases. segregz,

• o: solid product~ according to amount and degree of interconnection of the aqueous fluid, and reaction between solid 
-~t' and the fluid phases. 

L-Crystallization from aqueom fluid or fluids (and possibly, in rare instances, from some residual melt), with reaction 
aoor solid and fluid pha~es. ex~olution of solid pha::;es with diffusive transfer of materials over a wide range of scales, and 
alopment of mineral assemhlages stable at relatively lo-w temperatures. 

X-Crystallization from silicate melt, with or without reaction between solid phases and the liquid, follov·:ed in late or 
latt stage~ by Proces~ K or by Processe~ K and L 

Tbc final product::. which are interrelated and commonly intergradational, can be identified as follows: 

1-Pegmatite, hybrid rocks with pegmatitic materiaL mineral impregnations, and other products of metasomatic alteratior. 
JIIU"lfmnt•T rocks. 

with miaroles. small amounts of autoinjectior, pegmatite, interstitial aplitic material, or interstitial analogue.' 
reaction and replacement product~ of Proces:. L 

with or without apli1e. t.l-}c following spectrum of rock type:: in general representing a range i rorr: rel<:
to relatively large amount'- of aqueou~ fluid in the sy5tems: 

Yuy coarsely porphyritic pegmatitt. granite, or aplite or combinations thereof. 
2 f'egmati1e witi1 clusters, pod~. and lenses of ..-ery co;:;r:o:e-grained to giant-textured material 

Ft:grr;at;tc with marked diqributiOi~ of mi;Kral~. gerH.:ra1ly with sodic, fine-grained to aplitic groundma~~ constimc:-o:s. 
}egmatite with markedly a::ymmetric zona] di::tributior: oi minerals. commoniy with well-defined masse~ oi sodic ar:iL. 

-Pegmatites and pegmatitic rock.s as in III with more abundant and widespreac features ascrib;;~it tc 
and mine-ral reniacement to£ether with minerals iormed at relatively low temptratt;ie~. 

-Aplite, with or witbc1ut m2~se~ 'Of pegmatite. 

K E Y to F i Q 7. 3 

jahns & Burnham,1969 

----------- ·-· . ------------
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a11d 
is shown 0.5, I, and 5 kilobars w;atn 

pressure. Note that at 5 kilobars the tl'n:
perature minimum becomes a euttTllc 
and a cotectic line separates the fields of 
the two feldspars. The average composi
tion of granitic rocks containing 80 per
cent or more of the three end-memlw1 
components is indicated by the irregular 
oval area \·vi th shading. 

McBi rnev 1984 

H similar s1~ua~1on may occur with 
in~-tea.C of C~.L the 

Orthocl~~~ 

at one apex (e g. 
such thB.t thE 

eu.tecti c moves toward the garnet apex, and an 
cq·- i g i n .3-l ti lJ. J. a.T. 
~~~ i t {-j 

Fig. 7.5 The solubility ofwatn in l(·lsic 
magmas increases with increasiug \\·ater 
pressure, but at co11stant water pn·ssure, 
increasi11g load pressure on tht· m;tgma 
derreas(·s the solubility in thr lll,lllller 
iHustraH·d hy the equipotential lllrves 
for dilkrent \Vain pressures. Bnause 
water pressure incn·ases more slowly with 
depth tha11 load pressure in the magma, 
a veni('•d 1 l magma will Lend lo 

have a greater collcentration of water at 
the top. (After G. C. Kennedy, 1915, 
Geol. Sor. Amer. Spa. Paper 62, 4B9 5tl4.) 

Mc:Bir ney ,1984 

is no longer saturated 
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Qz 

Gnt 
Muse or Plag 

T1 

Muse or Plag 

T2 

Qz 

Gnt 

r1g. 7.6 Projection showing quartz, garnet, muscovi 1 ag i oc l a.se 
peritectic. Black dot represents the bulk 
time~ Ti 

j.!.:; T2 or TS= At T1 
corresponding to ~ne border zone. At T2 

at a. given 
D- y s tal l i z e ~ 
reaches the 
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