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Figure 4. Position of old mines and china clay pits in 
relation to the present Goonbarrow pit.
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Figure 13. Equal area projection of the poles to 

the veins at Goonbarrow.

All quartz/tourmaline veins.

Imperial-North face Imperial-South face

Island facing south Near Martins Goonbarrow



Figure U, Equal area projection of the poles to

the veins at Goonbarrow.

All quartz/tourmaline veins unless otherwise stated

Old Beam Opposite Old Beam

Island facing south 
(amethyst veins)

N

Multimineral veins

N
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t-igure 16. I he China Ciay refining process.

Samples from points A and B were used in the K/Ar

age study

A = Hydroclone res/due 
B = No. 2 underflow

Overburden

topsoil stockpiled for 
reck) motion purposes

removal of overburden & rock to tip 
via dumper trucks & motor scrapers

removal of sand to tip via incline or conveyor

. quarry tace 6-

QUARRY EXTRACTION
pressure water hose 

monitor)

hyd roc lone pump

process residues to mica storage lagoon

DEWATEPING TANKS (rc.^ clay thickening)

filler cloy to screens coating clay to screens coarse grade cloy to screens 

screens 

filter presses

storage linhays

DRYING UNITS
fluid bed
rotary
bu«ll
drum
spray

bulk shipment bagged shipment powdered shipment via disintegrating mill 

dispatch to customer via road houlogp, rail truck and pott

(Reproduced by kind permission of ECLP)
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Figure 18. Necking down of an inclusion with time from 
its original state

The resultant necked inclusions have varying vapour/liquid
ratios which would produce erroneous filling temperatures.
Only some of the necked inclusions may contain daughters,

(adapted from Roedder ,1967)

•
D
S

O 
^a

\

a»NaQ , b-KCl.



Figure 19. An example of a C02 inclusion.

v» vapour (a mixture of water and CO2 

lw* liquid water solution 

Ic • liquid CO2

_ it «

Figure 20. A Boiling assemblage

Vapour rich and liquid rich phases have been trapped 

simultaneously. Inclusions A will homogenise into the liquid 

phase and inclusions B into the vapour phase.

B
a

v * vapour 

I » liquid



Figure 21. The vertical relationships of the ore-

mineral zones in south-west England

(after Edmonds et al,1975)
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Figure 23. Histogram of salinities of fluid inclusions
from Goonbarrow.
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Figure 25. Boiling point curves for 10,25/0 wt% NaCl. 

(Based on and extrapolated from Haas, 1971)
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Figure 27. Log e (specific volume) against temperature for pure 
water at various pressures (data from Burnham 
ef al.1969).
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Figure 29. An x-ray spectrum obtained from a cubic daughter 
mineral (from sample no.148A). The silicon peak, produced from 
the host mineral (quartz), was significantly reduced on 
lowering the accelerating voltage of the electron beam.

Accelerating voltage = £0 Kv Ct

Accelerating voltage = 10 Kv
Cl

Na
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Figure 31. X-ray specfra obfained from fwo daughter
minerals within a fluid inclusion from a quartz -
tourmaline vein (sample no. 152v)
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Daughter mineral A (see plate 89)
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Figure 32. X-ray spectra obtained from 
minerals within a fluid inclusion from 
tourmaline vein (sample no. 152v)

two daughter 
a quartz -

Daughter mineral C (see plate 89)
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Figure 34. Plot of £D vs 6^0 for calculated isotopic

composition of the waters that would be in 

equilibrium with the unaltered granites at magmatic 

temperatures, and the alteration minerals at the 

stated temperatures, (adapted from Sheppard, 1977).

Note: waters in equilibrium with alteration micas calculated using 
fractionation curve for hydrogen of (a)Friedman and O'A/e/7, 1977 
(b) Toy lor ,1974.
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Figure 35. Plot of '0 versus 6180 of vel n quar tz. grei sen muscovites and their 

calcula ted waters from Goonbarrow. 
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Figure 36. Calculated 6^0 compositions of waters in 
equilibrium with Goonbarrow vein quartz 
and greisen muscovite at various temperatures.
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Figure 37. Mixing relationships between magmatic

and other waters.

• Expected isotopic compositions of mineral vein quartz and 

inclusion waters within vein quartz.

(a) Magmatic water (V) 

mixing with meteoric 

water (M).

(b) Magmatic water (V)

mixing with sea 

water (SI

(c) Magmatic water (V) 

mixing with derived 

sea water (OS).
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Figure 38. Oxygen fractionation curve between
water(l) and water(v).(Friedman and ONeil ,1977)
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Figure 39. Hydrogen fractionation curve between

water(l) and water(v).(Friedman and 0'Neil,1977)
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Figure 40. The dependence of boiling induced liquid and

vapour compositions on the sign of the 

hydrogen fractionafion factor.

Hydrogen fractbnation factor is positive at T>221 C

Composition of liquid and vapour 

produced on boiling.

liquid

vapour

] Measured greisen muscovite compositions

—»—
+10

—i—
So18 (%.)

Hydrogen fractionation factor is negative at T>221°C

Composition of liquid and vapour 

produced on tailing.

vapour t]Measured greisen muscovite compositions

6

liquid

+10 
—i—

+-15 
—»—

Hydrogen fractioncition factor is negative at T>221*0

vapour 4 
<>

/

Vapour extracted 

from boiling | 
hydrothermal fluid \

Composition of liquid and vapour, 

on condensation of extracted 

vapour ~ produced on boiling.

] Measured greisen muscovite compositions

-5 0 +5

O Initial starting composition.

+10 15



Figure 41. Overall model 
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Figure A3. Schematic diagram showing the adaptation 

of the Chaixmeca stage to eliminate 

frost buildup on the bottom condenser 

lens L2.
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Removeable filter 
holder (PTFE)



Figure A4. Plot of melting point vs. heating rate for 
signotherm SK70 calibration standard.
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Figure A5. Plot of melting point vs. heating rate for 
signotherm SK100 calibration standard.
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Figure A6. Plot of melting point vs. heating rate for 
signotherm SK135 calibration standard.
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Figure A7. Plot of melting point vs. heating rate for 
signotherm SK180 calibration standard.
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Figure A8. Plot of melting point vs. heating rate for 
signotherm SK200 calibration standard.
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Figure A9. Plot of melting point vs. heating rate for 
signotherm SK247 calibration standard.
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Figure A10. Plot of melting point vs. heating rate for 
sodium nitrate calibration standard.
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Figure ATI. Plot of melting point vs. heating rate for 
Dotassium dichromate calibration standard.
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Plate 1. mhe three types of granite at Goonbarrow. Prom 

left to right, "Pale mica" granite (pm), "Small 

feldspar" grenite (SPO) and "Big1 feldspar" granite

Plate 2. "Big feldspar" granite (UPG). Note the large

potash feldspar rne^acryst. Coin is 25 mm across.





Plate 3. Thin section of wti£ feldspar" granite, X200,

crossed nicols. Plagloclase in centre of field 

is altered to secondary rrruscovite, Biotite in 

"bottom left hand corner contains dark pleochroic

haloes.

Plate 4. Thin section of "big feldspar" granite, X200, 

crossed nicols. Euhedral potash feldspar 

meg-acryst in centre of field, slightly altered 

to secondary muscovite. The plagioclase to 

the top and bottom of the potash feldspar

t IB nore altered to secondary nniscovite





Plate 5. Thin section of "big- feldspar" granite, X800, 

crossed nicols. Primary muscovite altering 

to secondary muscovite.

Plate 6. Thin section of "small feldspar" granite, X80,

crossed nicols. Plagioclase in centre of field 

altering to secondary muscovite. Potash feldspar 

(F) altering to secondary rauscovite.





Plate 7. Thin section of "pale mica" granite, X16, plain 

polarised light. Lithionite (L) containing 

some pleochroio haloes. Note absence of dark 

minerals such as tourmaline and biotite.

Plate 3. As Plate 7» crossed nicols. Pl=?£rioclase

megocryst, lying approximately vertical contains 

secondary muscovite. Potash feldap?r altered 

to secondary mnscovite along the cleavage.
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Plate 9. Sheet of "small feldspar" granite intruding "big

feldspar" granite in the new sump area exposed in the 

summer of 197B (location 4).

Plate 10. Pificated sheet of "small feldspar" granite intruding: 
"M~ feldspar" granite in the new sump area exposed 
in the summer of 197R (location C-). Two xenoliths of 
53T- (marked A and B) have been "broken off; their 
angular nature suggests that the BPG was fairly solid 
at the time of emplacement of the SPG.





Plate 11. Xenolith of "big feldspar" granite set in 

"snail feldspar" granite in the Martins 

Goonbarrow area. Note the pegroatitic growth 

of feldspar and tourmaline around the xenolith.

Plate 12. The Goonbarrow pegmatite exposed in the

Imperial C70onbarrow area. The curved nature 

of the white orthoclase crystals can be clearly 

seen. Mote the dark bands of tourralir.e rich 

matrix which lie parallel to the granite/ 

pegmatite contact.





Plate 13. The Goonbarrow pegmatite exposed in the West

Goonbarrow ares (location A). The potash feldspars 

are net curved at this location, however the 

layered nature of the interstitial matrix can be 

clearly seen. The dark bands are tourmaline rich 

layers lying parallel to the £Tanite (pegmatite 

contact).

Plate 14. The Goonbarrow pegmatite/"small feldspar"

g'ranite junction exposed at Imperial Goonbarrow. 

Long tourmaline needles have formed at the contact,



™ £>•$$*# & r$fr^-i w wi* •; * -•^Jrtilft^yAV'jLik'.v^Jk- «iAK'.J

P >^.r TFsfe-ft,/^rV^fS> i'.M'/iA-'i



Plate 1S, A sample from the main core of pegmatite

supplied by Mr, C. Hancock (pit captain at 

Goonbarrow) showing long black tourmaline 

needles in contrast to the pinkish orthoclase 

feldspars.

Plate 16, A sample of the Goonbarrow pegmatite from 

Imperial Goonbarrow showing dark blades of 

biotite in contrast to the orthoclase feldspars.



•'w^?? R l'^< .\l";-*y ' **»;>'-' \$5_



Plate 17. Kaolinised pegmatite from the West Goonbarrow area 

(location A). Lensoid pod of coarse grained quart 

and kaolinised orthoclase feldspar.

Plate 18. p'he pegmatite lying between "bi^r feldspar" granite 
(to the top) and "snail feldspar" granite. This 
shows a £'0od example of the "dog leg" effect of 
the pegmatite. Note the quartz/tourmaline veins 
cutting the granite and pegmatite (Location C).





Plate 19. Section through the pegmatite in Imperial Goonbarrow 

(Location C). The "big feldspar" granite lying 

above the pegmatite can be easily recognised.

Plate 20. An example of the "dog leg" effect seen in Imperial 

Goonbarrow. The pegmatite outcrops in the bottom 

left hand corner and suddenly swings vertically just 

by the observer. The "big feldspar" granite lies 

to the left. The orthoclase crydtals within the 

pegmatite display their maximum amount of curvature 

as the pegmatite swings to a vertical position 

(Location D).
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Plate 21. The pegmatite in Imperial ^oonbarrow (Location E). 

The attitude changes abruptly at points A and 3. 

The pegmatite can "be recognised by the bands of 

tourmaline.

Plate 22. The pegmatite in Imperial Ooonbarrow. The "b5.£

feldspar" granite can just be recognised to the left of 

the pegmatite. An example of the sudden change in 

attitude of the pegmatite producing this "Indian 

headress" effect.





Plate 23. ^he pegmatite in Imperial ftoonbarrow (Location B). 

The pegraatiie outcropping at the bottom left hand 

corner changes attitude abruptly by the observer.
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Plate 25. The peg-matite showing curved orthoclase crystals.

Plate 26. The pe£Tiatite showing curved and branching 

orthoclase crystals.
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Hate ?7. Section through the pegmatite with the "big feldspar" 

granite on the left and "small feldspar" granite to 

the right. Some parts of the "small feldspar" granite 

have been intensely trmrmalinised. Tourmaline rich 

bands lying parallel to the pegmatite-granite contact 

can he clearly seen throughout the pegmatite, ^he 

curved pegmatite feldspars display their maximum 

curvature when the pegmatite is vertical. (Location

Plate 2°'» Section through "pinched" pegr:* -.. *te --.xposed at the far 

eastern end of Imperial ftoonbg.rrow (Location E). 'The 

two granite types can be clearly discerned.





Piste ?Q. Close tip of the "pinched" pegmatite shown in plate 23. 

mhe pe^miatite at this point consists mainly of ortho- 

claae with interstitial biotite and tourmaline.

Plate 30. The BPS-pegmatite junction. The sharpness of this 

junction suggests that the KFO was essentially solid 

at the +ime of pegmatite formation. Orthoclase 

crystals within the pegmatite can be seen increasing1 

in cross-sectional area away from the HPG and also 

branch in this direction.
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Plate 31. The SFG-pegmatite junction. Orthoclsse crystals can 

be seen growing in cross-sectional area and branching 

in the direction of the SFG. Protruding feldspars 

are surrounded and overgrown "by a fine grained aplitic 

matrix which blends gradationally into the SFG e

Plate 32. A sample of the SFG-pegmatite contact. Feldspars can 

"be seen growing- in cross-sectional area and branching 

towards the SFC. The protruding feldspars are 

surrounded and overgrown by a fine grained aplitic 

matrix T'bich blends ,er?datiorally into the SFC-,, Two 

thin tourmaline rich bands can be seen within the 

aplite, one of which grows around the protruding 

feldspars.





Plate 33. 'Hiin section of the Goonharrow elvan, X200, crossed

nicols. A large quartz mek.3cryst is surrounded by a 

fine grained matrix of sericite-quartz. A snail flake 

of relic primary muscovite ie seen to the right hand 

corner of the quartz megacryst.

Plate 34. Thin section of the Hoonbarrow elvan, X80, crossed

nicols. Ouartz mefracrysts are surrounded by a fine 

grained matrix of sericite-ouartz. A tourmaline "star" 

if seen at the \apper left of the photograph.





Plate 35« Thin section of the Goonbarrow elvan, X800, crossed

nicols. Fine grained kaolinite/sericite intergrowth 

pseudomorphing feldspar in a quartz/muscovite matrix.





Plate 56. The Goonbarrow elvan exposed at the south face of 

Imperial Goonbarrow. The quartz/tourmaline vein 

swarm surrounded "by kaolinised granite is crosscut 

"by the elvan.





Plate 37. Apophysis of the Goonbarrow elvan showing laminated 

flow banding (Location P).

Piste 3S   ^n© western end of Old Beam looking towards North 

Goonbarrow, Unkaolinised granite is exposed on 

the extreme left cut by a few small veins. As 

the vein swarm on the right if approached the 

granite becomes progressively more keolinised.
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Plate 39. The western end of Old Beam, the steep walls of the 

old North Ooonbarrow pit in the background. Grey 

unkaolinised granite is clearly seen at the extreme 

ri£'ht and left of the photograph crosscut "by a few 

quartz/tourmaline veins. The lar^e vein swarms in 

the centre are surrounded "by kaolinised granite clearly 

discerned by its whiteness.

Plate 40. * vein swarni exposed in the area near Martins Goonbarrow. 

The granite is extremely kaolinised (see cross-section 

in Figure 1?).
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Plate 41. A sample of a cassiterite bearinf vein from Old Beam.

Tourmalin* is founrl in the centre of the vein surrounded 

on either side by zoned cassiterite. A band of fine 

grained white topaz is found at the interface between 

the cassiterite and greisen. The scale is in one 

centimetre blocks.

Plate 4?. Thin section of a cassiterite bearing vein (GOO ?6/55 

from Old ?eam t 100X, crossed nicols 0 The caasiterite 

on the left is zoned. A matrix of inter£Town quartz 

and tourmaline is shown on the right.





Plate 43. A typical cassiterite bearing lode in the Old Beam area, 

with the old mine workings in the background. /* white 

topaz rich rreisen in the foreground Piters gr a elation ally 

to a "normal" greisen in the background. Cassiterite was 

found associated with the topaz greisen.

Plate ^-4. Close up of the topaz rich greisen shown in plate 43* 

Cassiterite is found throughout the greisen.
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Plate 45, Close up of the "normal" greisen shown in plate 43.

Cassiterite was not found associated with this greisen.

Plate 46. Old B^am. The atockwork of veins, many tin and tungsten 

"bearing, is surrounded by intensely kaollnised granite. 

The remains of the old nineteenth century mine workings 

can be clearly seen. At the top of the photograph is 

the conveyor used to transport coarse <rrainea quartz and 

unkaolinised granite, previously separated by a rotary 

classifer, to the top of the waste heap. A water 

monitor can be seen in the foreground, used to wash out 

the china clay.
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Plate 47. Thin section of "pale mica" granite, X?00, crossed

nicols. The plagioclase in the centre of the field 

has been preferentially altered in the core. This is 

the first stage of kaolinisation.

Plate 4-B. Thin section of kaolinised "pale mica" {rranite, X°00, 

crossed nicols. Highly corroded quartz me^acrysts 

and relic muscovite are S'nrrcundf d by 3 fine 'grainec. 

kaolinite/sericite matrix.





Plate 49. Thin .section of kaolinised "pale mica" granite, XROO, 

crossed nicols. Highly corroded quartz megacrysts 

and relic muscovite are surrounded by a fine grained 

kaolinised/sericite matrix.





Fluic inclusions in quartz from G-oonb arrow. Scale b-rs = 1u

.rl?. te $o A typical two phase fluid inclusion. A trail of 

secondary inclusions lies above it. (Sample No.

Plate 51 A plane of secondary two phase inclusions. (Sample

Mo. 10V) .

Plate 52 A "necked" inclusion probably produced by tectonic

movement or reheating. un heating an erroneous filling 

temperature would almost certainly be obtained. 

(Sample Wo. 187;.

Plate 53 An inclusion formed before the process of "necking" has 

been completed. Had the process gone to completion it 

is urobfibly thei the majority of the v/ater vapour would 

have been trapped in the upper right nand part of the 

inclusion and the daugnter crystals on the lower left. 

Subsequv/nt heating/freezing stuaies would have prociuced 

very anomalous results. (sample I^o. 32V).
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Fluid inclusions in quartz from Gooribarrow. Scale bars =:' 1Uwm.

Examples of vapour or "boiling" inclusions. Unlike normal fluid 

inclusions these will homogenise into the vapour phase* When 

occurring in close proximity to normal fluid inclusions (Plate 55) 

this suggests that both vapour rich cjia fluid rich phases v,ere 

trapped simultaneously from a boiling solution and that the aqueous 

fluid lies on the critical curve for that particular solution. If 

the salinity and temperature of the fluid is known from other 

inclusion evidence then the pressure may be easily obtained from the 

appropriate critical curve.

Plate 54 Sample Ixo. 18?

.?late 55 Sample lio. 73V

Plate 56 Sample fro. 73V

Plate 57 Sample Ho. 167



Plate

P/afe 56.

P/afe 55.

P/afe 57
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Fluid inclusions in quartz from Q-oonbarrow. Scale bars = 1U/um.

?lete 5o' An example of a fluic. inclusion containing several rod 

like daughter minerals., The vapour bubble is deformed 

as it has insufficient room to assume its normal spherical 

shape. The outline of this inclusion suggests it has 

been distorted since formation. (Sample ,l\o. 82V).

Plate 59 Another example of a fluid inclusion containing a

deformed vapour bubble anc. several daughter minerals 

including a cubic mineral - probably halite or sylvite. 

(Sample IMO. 243;.

Plate 60 (plain light,) and Plate 61 (crossed nicols,) . An irregular, 

deformed inclusion containing several daughters. The 

cubic mineral is halite or sylvite and the rod like 

birefringent mineral (in plate 6(Jb) is probably a mica 

viewed perpendicular to its c - axis.
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Fluid inclusions in quartz from Gooribarrow. Scale bars = 10am,

Examples of cubic daughter lainerals in fluid inclusions,

Plate 61 Sample No.

rlute 62 Sample ivo. 82V

rlate 63 Sample jrto. 243

Plate 64 Sample Ko. GB2V



fN
 

toa**~ 
«TJ
s:

I
0)

TJ
ol0)



i'Tuid inclusions in quartz from Gooribarruw. Scale bars =

Plate b5 An inclusion containing a cubic mineral - halite or 

sylvite. (Sample i\o. GB2V) .

Plate 66 An inclusion containing a cubic mineral and an hexagonal

plate - almost certainly a mica. (Sample .No. 243 )•

Plate 67 An inclusion containing several daughters including a 

cubic mineral. (Sample wo. 24-3 )•

Plate 68 -An inclusion containing se'veral daughters including a 

cubic mineral and a rod - possibly a mica viewed 

perpendicular to its c - axis. (Sample JMo. 243).
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Fluid inclusions in quartz from G-oon'b arrow. oc&le bars ~

Plate 69 Two inclusions containing several daughters, some

cubic. The inclusion on the right also contains a 

fibrous mineral (Sample Mo. ^43 j.

Plate ?ua (plain light; tnd Plate JUQ ^ crossed nicols,/ . A fluid 

inclusion containing a birefringent i-cd. (Surnple

No.



^^(P'

€
.fC
*

•#



Fluid inclusions in quartz from Goonbarrow. Scale bars = 10/um.

Plates 71 a and 72a (plain light) and 71 "b and 72b (crossed

nicols;. Inclusions containing birefringent 

rods possibly a. mica plate viewed perpendicular 

to the c - axis.

Plate 71 Sample No. 243 

Plate 72 Sample wo. 827
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rTaiu inclusions in quartz from Goonbarrow. Scale bars = 1u.ym.

Examples of inclusions containing hexagonal pl&telike daughters -

almost certainly micas.

Plate 73 Sample Wo. 82V

Plate 7k Sample Wo. 18?

Plate 75 Sample fto. 82V



Piste 73.

Plate 74.

Plate 75



Fluia inclusions in quartz from G-ooribarrow. Scale bars = 1U/um.

£xa,uples of fluid inclusions containing birefringent sub-spherical

Plates IQB. and 77& - plain light and Plates ?ob and 77^ (crossed

nicols; .

Plate 76 Sample i\o. d2V.

Sample i\o» 167.



P/afe 76a. Plate 76b.

Plate 77a. Plate 77b.



Fluid, inclusions in quartz from Goonb arrow. Scale "bar's s 10,«m,

Plate 78. An inclusion containing several sub-spherical 

daughters and a small vapour bubble. (Sample 

Mo. 243).

Plate 79. An inclusion containing a sub- spherical daughter, 

(Sample Wo. 143V; .

Plate 60. An inclusion containing several sub-spherical

daughters and another containing a ae forme a vapour 

bubble. (Sample JMo. 11UV).

Plate 81 . An inclusion containing a large blocky birefringent 

daughter. (Sample No. 243).
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Fluid inclusions in quartz I'roin Ouonbar.row. oc<-le bars •= 10/ura,

Plates 82a (plain light; and 82b (crossed nicols)• An inclusion 

containing a large blocky birefringent daughter. 

(Sample No. 143V).

Plates 83a (plain light) and 83b (crossed nicols; «, An inclusion 

containing a "birefringent fibrous mineral - rarely 

observed. (Sample iMo« 14-3'V).
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Fluid inclusions in quartz from G-ooribarrow. Scale bars -

;. lates 34a (plain light) and 64b (crossed nicolsj . An inclusion 

containing a birefringent fibrous mineral. (Sample 

no. 143V).

riate 85 An inclusion containing biacK opaque crystals,

No.
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Plate 86

Scanning electron micrographs of daughter crystals in fluid inclusion 

cavities. Scale bars « 1,Mm. All spectra contained a Si peak which 

may have cone from the daughter or host, mineral (quartz),

a. Inclusion cavities containing cubes of halite (Sample No. 152V).

b. Close up of central inclusion in a.

c. Close up of inclusion in extreme left of a . Note small spots 

on halite cube which have been produced during analysis by the 

electron bean'. Area analysed is therefore around 0,1/wn.

tf. Needle -like daughter containing- Al, Fe , iv'n and Zn. (Sample No.

e. Platev mineral containing Si(?), ,U and K. (Sample ?To. 152V).

Identified as muacovite. 

f. .^norphous daughter probably deposited from inclusion fluid during

opening of inclusion (Sanple No. 1^2V). Contains, Al, 01, K and

g. Cubic mineral containing Ma and Cl (Sample !To. 1^27). Identified,

as halite. 

h. amorphous mineral containing Fe and Mn. (Sample from lensoid.
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Plate

Scanning electron micrographs of daughter crystals in fluid inclusion 

cavities. Scale bars = I/urn. All spectra contained a Si peak which 

may have come from the daughter or hot mineral (quartz).

a. All crystals gave the sane spectra containing 01, » , Mn and S.

(Sample No. M3G). 

b. All crystals gave the sane spectra containing Al and ?7a. (Sample

No. 143H). Their platey habit sii^ests they are micaceous. 

c. Platey rnineral containing /«!, Cl, K and .Ka. (Sanple Wo. 53V)« 

d. Platey mineral containing Al, Cl, Fe and K. (Sample No. 53V). 

e. Platey rnineral containing Al, 01, K and Na. (Sample No. 73V). 

f. Crystal contains Na and 01. Probably halite but does not have

cubic morphology. (Sample rlo. 73V). 

r. Platey hexagonal mineral containing Al, 01 and K. (Sample

>To. 165V). 

h. ^ineral probably of cubic morphology containing 01, probably

halite. (Sample No. 152V).
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Flat.fr flB

Scanning electron micrographs of daughter crystals in fluid 

inclusions cavities. Scale bars * Vm. All spectra contained 

a 3i peak which "lay have come fror  the daughter or host mineral

(quartz).

s. and b. Mineral contains Al an'5 K. (Sample No. 111). 

c. and d. Mineral contains Pe and Hn. (bample ^ro. 111), 

e. and f a Mineral contains Pe and ?-'n. (Sample No. 1^°A). 

g. Platey mineral containing-: Al and K. (Sample ^o. 14SA), 

h. ?oth crystals have identical spectra containing Cl, K! 

and Na. (Sample No. 17
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Plate Q9

Scanning electron micrographs of daughter crystals in fluid 

inclusion cavities. Scale bars = 1yum. All spectra contained a 

3i peak which nay have cone fron the daughter or host nineral 

(quartz). The crystals are labelled in the diagram for easy 

reference.

a. Inclusion cavity containing several daughter crystals (Sanple

V:. View of crystals H, 0, D and F. X-ray analysis revealed the

following analyses:

^. Fe, vn and Zn

p . Al, Fe and K

D* . ^'o spectra peaks

K B K

c. -lose up of crystals P and C. 

d. Crystal A. containing- Al, S and Zn. 

e. Crystal F. containing Al and K. 

f. Crystal C* containing; 01.

Crystals H and I neither producing any spectral peaks.c  
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Plate 90

Scanning electron nicro^raphs of daughter crystals in fluid 

inclusion cavities. Scale bars = 1yum. All spectra contained a 

Si peak which nay have none from the daughter or host mineral 

(quarts). The crystals are labelled in the diagrams for easy 

reference*

Inclusion cavity containing two daughters (Sample No.

Close up of daughters A and B fro  a.

.-• , contained Fe and K

?. contained Fe and Mn

c« Inclusion containing a rhomhohedral daughter (Sample No. 1?1V), 

d. Close up of daughter A fron c. Note ropey sides possibly

produced by cleavage of crystal. Analysis indicated the

presence of Fe and Mn.
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Plate 91

electron nicropraphs of dau£'nter crystals in f 

inclusion cavities. Scale bars = ^um. All spectra contained 

a Si peak which piay have come from the daughter or host mineral 

(quartz). The crystals are labelled in the diagrams for easy 

reference.

a. Inclusion cavity containing several daughters (Sample No.

A. contained Al and Fe

B. contained Al, 01 and Fe. rod like.

0. contained Cl, 7e and K. rod like.

b. Inclusion cavity containing several daughters' (Sample No.

_A, contained Cl and K

P. contained Al and Cl

0. no spectral p*aks obtained

Ti a contained CYy K snd ICa

c. Inclusion cavity containing two daughters (Sample No. 1

A. Cubic (?) mineral containing: Ca, 01, Fe and T^n 

"B. No spectral peaks obtained

d. Inclusion cavity oont^ininf three daughters (Sample No.

A. Amorphous mineral containing Pe

^ e Platey mineral containing Al, Ca, Cl, X and S

C, rJo spectral peaks obtained
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Plate 9?

3cgnrin£- electron micrographs of daughter crystals in fluid 

inclusion cavities. Scale "bars * 1/um. All spectra contained 

z Si peak which nay have cone from the daughter or host mineral 

(quartz). The crystals are labelled in the diagrams for easy 

reference .

a. Inclusion cavity containing two daughters (Sample No. 165V).

A. Platey mineral containing Al and X

lr . Amorphous crystals containing 01 and K - probr->My
deposited from fluid on opening' the inclusion. Identified 
as sylvite.

 . Inclusion cavity containing' several daughters (Sanple No.

Individual crystals were difficult to define hence several spot 

and raster analyses were made.

faster /\. revealed Cl, Fe , S and Zn

Spot 2. which was in the centre of raster A. revealed ?e, S and
Zn.

Spot C. contained Cl , Fe , S and Zn

Spot L. contained Fe, S and Zn

Spot E. gave no spectral peaks

At least two daughters were identified, one containing Fe, 

S and Zr. mhe other 01, Fe , 3 and Zn. 

. Inclusion containing three platey minerals (Sample No. 152V).

A. contained .-'1 and K

?. contained hi, 01 and K

0. contained ^1 and K 

Inclusion containing two daughters (Sample No.

A. contPined Ca, 01, Fe and Kr. 

B. contained Ca(?) and Sn
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Plate 93

Scanning electron micrographs of daughter crystals in fluid 

inclusion cavities. Scale bars « Turn. All spectra contained a 

Si peak which nay have come from the daughter or host mineral 

(quartz). The crystals are labelled in the diagrams for easy 

reference.

a. Inclusion cavity containing several daughters (Sample No. 820).

P . contained As and Fe

0   cop-*.pined Fe, i^n and Zn
P. no spectral peaks obtained
F. no spectral peaks obtained
F. contained Fe
G. contained Fe

b. Inclusion cavity containing two daughters (bainple No. 152V).

The daughter to the left of the platey mineral is very difficult 

to see in the photograph.

A. contained Al, Fe and K 
P. contained Al and Cl

c. Inclusion cavity containing several daughters (Sample No. R2G).

A. contained Fe, -n and Zn
."P. contained .-\1 ard K. platr-y miner?!
f\ no spectral p^aks obtainea
T-. contained Al and K
':]. no sppctral peaks obtainfd
r\ crystals that were probably deposited f^on the fluid when 

	tr-'» -'.r,cl\isior was opened. :'/ont^i;;ed \1, Cl, Fe, K, Mn ^ nCi
Zc:.

d. Inclusion cavity containing two daughters (Sample "o. 262).

A. contained Al, Fe and K
I. Hat like daughter crystal, no spectral peaks obtained.
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Plate 9/1

Scanning" electron micrographs of daughter crystals in fluid 

inclusion cavities. Scale bars = 1/um. All spectra contained a 

Si peak which may have come from the daughter or host mineral

(quartz). The crystals are labelled in the diagrams for easy 

reference.

a* Inclusion cavity containing several daughters (Sample No. 152V)«

A. contained Cl, Fe and Mn

"P-i, contained .AX and Fe

C. contained Al, Cl and Fe

B. contained Cl, Fe and Mn

S. contained Cl

F. contained Cl, Fe and K

b.' Inclusion cavity containing three daughters (Sample No. 1

A. contained Cl, Cu, Fe and Fn

B* no spectral peaks obtained

C. no spectral peaks obtained

c. Inclusion cavity containing several daughters (Sample No.

A. Platey mineral containing Fe and K 

3. contained Fe and Mn

d. Inclusion cavity containing several daughters (Sample No.

A. Cubic mineral containing Fe and Mn

?. no spectral peaks obtained

C. no spectral peaks obtained



PLATE 94

a



Plate 9'j

Scanning electron micrographs of daughter crystals in fluid 

inclusion cavities. Scale bars = 1um. All spectra contained 

a Si peak which may have come from the daughter or host mineral 

(quartz). The crystals are labelled, in the diagrams for easy 

reference.

a. Inclusion cavity containing two daughters (Sample I'o. 152V). 

"b. Close up of crystal A from a. X-ray analysis identified

the presence of Al and K. Ita platey habit suggests that

the mineral is muscovite, 

c. Close up of crystal }5 from a. X-ray analysis identified

the presence of Al and K. Its pl.itey habit su^eots the

mineral is muscovite.

d. Inclusion cavity contninin£- two dRi^rht^rs (Sample No. 

e. Close up of crystals from d. X-ray analysis ^-ave the

following result:

A. As, Cu, Fe and S. Identified as nreenopyrite.

B. Cu, Fe and S. Identified as chalcopyrite.
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Plate 96

'lc?v,iing electron micrographs of daughter crystals in fluid 

inclusion cavities. Scale bars = 1/uro. All spectra contained a 

Si peak which ^py have come from the daughter or host mineral 

(au^rtz). The crystals are labelled in the digrams for easy 

reference.

2. Inclusion cavity containing two daughter crystals. (Sample

c. Close up of crystal B. from n» X-ray analysis indicated the

presence of A1 and K, Its platey habit suggests the mineral

is muscovite. 

c. Close up of crystsl A. from a. X-ray analysis indicated the

presence of ^e and Mn, Its rhonbohedral habit suggests the

 mineral is ferroan-rhodochrosite . 

d. Inclusion cavity containing three daughter crystals. (Sample

No. 152V).

e. Close up of crystal A. from d, 

f. Close up of crystal B. from d.

X-ray analysis of crystals A, Ji and 0 gave the following

results:

A. contained Al and K. Identified ^s muscovite.

B. contained Cl and. Na. Its cubic form identifies it as 

halite .

C. contained Cl and Na, This budgie like substance nay have 

been deposited from the fluid on opening the inclusion.





Plate 97

Scanning- electron micrographs of daughter crystals in fluid inclusion 

cavities. Scalp bars = turn. All spectra contained a Si peak 

which may have come from the daughter or host mineral (quartz). 

The crystals are labelled in the diagrams for easy reference*

a. Inclusion cavity containing- two daughters (Sample No. 152Y). 

b. Close up of crystal }?. from a. X-ray analysis of crystals 

A and B £ave the following results?

A* Al and K, Its platey habit identified the crystal ns 

reuseovite,

B* Pe and Mn. Identified as probably ferroan-rhodochrosite, 

c. Inclusion cavity containing several daughters (Sample No. 7$V). 

d. Close up of crystals A and B from c» X-ray analysis g-ave the

following- results:

A. Al, Cl, ?e, K, Mn and ?Ia.

B« TTo spectral peaks obtained*



PLATE 97



Plate 93. A larfre xenolith of kaolinised country rock (killas) 

seen lying 'in intensely kaolinised granite in Telbur 

china clay pit.





Plate 
A1 . 

A
 
portion 

of 
the 

h
i
g
h
 
v
a
c
u
u
m
 e
x
t
r
a
c
t
i
o
n
 
line 

used 
for 

the 
d
e
t
e
r
m
i
n
a
t
i
o
n
 
of 

the 
a
r
g
o
n
 

isotopic 
c
o
m
p
o
s
i
t
i
o
n
s
 
of 

rocks 
and m

i
n
e
r
a
l
s
 
at 

the 
Institute 

of 
G
e
o
l
o
g
i
c
a
l
 
Sciences, 

London. 
The 

R
F
 
heating 

coil 
can be 

s
e
e
n
 
o
p
e
r
a
t
i
n
g
 
on 

the 
m
i
d
d
l
e
 
sample 

furnace. 

The 
t
i
t
a
n
i
u
m
 
furnace 

is 
on 

the 
extreme 

left. 
The 

air 
capsule 

holder 
and 

q
u
a
d
r
o
p
o
l
e

gauge 
lies 

just 
to 

the 
right 

of 
the 

operator.





P
late A 2. 

The 
high vacuum

 ergon ex
tractio

n
 lin

e
. 

The 
ro

u
g

h
in

g
, 

d
iffu

sio
n
 and

ion pum
ps 

lie
 

underneath 
the 

bench. 
The 

m
ass 

sp
ectro

m
eter 

electro
n
ics 

are 
on 

the 
rig

h
t.






