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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

25%
5

Island facing south Near Martins Goonbarrow




Figure 14. Equa! 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 Multimineral veins
(amethyst veins)
N N
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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)
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Figure 19. An example of a CO5 inclusion.

lw

v=vapour (a mixture of water and CO,

lws liquid water solution
lc = liquid CO>

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 8 into the vapour phase,

v = vapour
[=liquid

O
A A




Figure 21. The vertical relationships of the ore-
mineral zones in south-west England
(after Edmonds et al,1975)
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Figure 25. Boiling point curves for 10,25,40 wt% NaCl.

(Based on and extrapolated

from Haas,1971)
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Figure 26. Filling temperature vs. hydrostatc pressure
for 10,25,40 wt% NaCl brines. (from Haas1971)
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Figure 27 Loggispecific voiume) against femperature for pure

Loge (specific volume)

water at various pressures (data from Burnham

et 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.
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tourmaline ve

Figure 31. X-ray spectra obtained from
minerals within a fluid inclusion from a quartz-

in (sample no. 152v)
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Figure 32. X-ray specfra obfained from fwo daughfer
minerals within a fluid inclusion from a quartz-
fourmaline vein (sample no. 152v)
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Figure 34. Plot of &D vs §80 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. ladapted from Sheppard, 1977).

Note: waters in equilibrium with alteration micas calculated using
fractionation curve for hydrogen of (a)Friedman and O'Neil, 1977
(b) Taylor , 1974,
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Figure 35. Plot of §D versus 880 of vein quartz, greisen muscovites and fheir

calculated waters from Goonbarrow.
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Figure

36. Calculated §'80 compositions of waters in
equilibrium with Goonbarrow vein quartz
and greisen muscovite at various temperatures.
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Fgure 38, Oxygen fractionation curve between
water(l) and water(v). (Friedman and

0 Neil ,1377)
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Figure 39. Hydrogen fractionation curve between
water(l) and water(v).(Friedman and O'Neil,1977)
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(a)

(c)

Figure 40. The dependence of boiling induced liquid and
vapour compaositions on the sign of the
hydrogen fractionation factor.

Hydrogen fractionation factor is positive at T>22°C
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Figure 41. Overall model to explain the observed isotopic compositions of vein

quartz, greisen muscovites and koolinites from Goonbarrow.
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Figure A4 Plot of melting point vs. heating rate for
signotherm SK70 calibration standard.
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Figure AS. Plot of melting point vs. heating rate for
signotherm SK100 calibration standard.
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Figure A6. Plot of mél’ring 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 AN. Plot of melting point vs. heating rate for
pofassium dichromate calibration standard.
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List of Plates

The three types of pranite at Goonbarrow.

mig feldspar" granite (BrG).

Thin szction of '"big feldspar" granite.

Thin section of '"big feldspar" granite.

Thin section of "big t'elcspar" grenite,

Thin section of "small feldspar" granite.

Thin section of "pale mica" granite.

as Pleste 7., crossed nicols,

Sheet of "amall feldspar" granite intruding "big feldspar" granite
in the new sump area exgposed in the summer of 1978,

Bificated sheet of "small t'eldspar" granite intruding "big felcspaxr"
grenite in the new sump srea exposed in the sumrer of 1978.
Lenolith of "big feldspar" granite set in "small feldsper" granite
in the Martins Goonbarrow area,

Tlie Goonbarrow pepgmatite exposed in the Imperial Goonbarrow area.
The Goonbarrow pegmaetite exposed in the West Goonbarrow erea.

The Goorbarrow pepmatite/"small feldspar" granite junction exposed
at Imperial Goonbarrow.

A sample from the main core of pegmetite showing long black
tourmaline needles in contrast to the pinkish orthoclase feldspars.
A sample of the Goonbarrow pegmatite from Imperial Goonbarrow
showing dark blades of biotite in contrast to the orthoclese
feldspars.

Kaolinised pegmatite from the West Goonbarrow area,

The pegmatite lying between "big feldspar" granite and "sinall

felcspar granite,



13. Scction through the pegmatite in Imperial Gooubarrow,

20, an example of the "dog leg" effect seen in Imperial Goonbarrow.

21, The pegmnatite in Imperial Goonbarrow.

2e. The peg natite in Imperial Goonbarrow,

23 The pegmatite in Laperial Goornbarrow,

4e  lmperial Goorbarrow, south face., The greenish yellow elvan
crosscutting a quertz/tourmaline vein swarm,

25, The pepgmatite showing curved orthoclase crystals.

26, The pegmatite showing curved and branching orthoclase crystals.

I Section through the pegmatite at Imperial Goonbarrow,

b,  Section through "pinched" pepmstite exposed at the far eastern
end of Imperial Goonbarrow,

29, Close up of the "pinched" pegmatite shown in plate 28,

20, The "tig felcspar" granite - pegmatite junction.

31. The "smeall felaspar" granite - pegmatife Junction,

52. A sample of the "small feldspar" granite - pegmatite junction,

33, Thin section uf the Goonberrow elvan,

She Thin section of the Goonbarrow elvan,

35. Thin section of the Goonbarrow elvan.

e, The Goonbarrow elvan exposed at the south face of Imperial Goonbarruw.

37« Apophysis of the Goonbarrow elvan showing laminated flow banding.,

28, The western enc of Old Beam looking towardas North Goonbarrow,

39. The western ena of 0ld Beam, the steep walls of the 0ld iiorth
Goonbarrow pit in the background.

L0, A vein swarm exposed in the area near Martins Goonbarrow.

41. A sample of a cassiterite bearing vein from 014 Beam.,

L2 Thin section of & cassiterite bearing vein,



43« & typicel cassiterite bearing lode in the 0ld Beam area, with the
0ld mine worxings in the background.
L. Close up of the topaz rich greisen shown in plate 43,

L5, Close up of the "normal" greisen shown in plate 43.

» rhin section of "pele mica" granite.
LD Thin section of kaolinised "pale mica" granite.

49+ Thin section of kaolinised "pale mica" granite.

50~55., Photomicrugrephs of fluid inclusions in quartz from Goonberrow,

86~97. Scarning slectron micrographs of daughter crystals in fluid

inclusion cavities.

90. A large xenolith of kaolinised country rock (killas) seen lying in
intensely keolinised grenite in Melbur china clay pit.

21, 4L portion of the high vacuwn extrection line used for the
ceterinination of the argon isotopic coﬁpositions of rocks and
minerals at the Institute of Geological Sciences, London,

a2, The high vacuum argon extraction line,



"he three types of granite at Goonharrow, From

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

feldspar" crenite (SFG) and "Big feldspar" grenite

(E?G).

Plate 2, "Big feldspar" granite (BFG), Note the large

potash feldspar megacryst. Coin is 25 mm across.






Plate 3, Thin section of "tig feldspar" granite, X200,
crossed nicols, Plagioclase in centre of field
is altered to secondary muscovite, Biotite in

bottom left hand corner contains dark pleochroic

haloes,

Plate 4., Thin section of "big feldspar" granite, X200,
crossed nicols. Fuhedral potash feldspar
megacryst in centre of field, slightly altered
to secondary muscovite, The plagioclase to

the top and bottom of the potash feldspar

megacryst 1s more altered to secondary muscovite.






Plate 5. Thin section of "big feldspar" granite, X800,
crossed nicols, Frimary muscovite altering

to secondary muscovite,

Plate 6, Thin section of "small feldspar" granite, X80,
erossed nicols, Plagioclase in centre of field

altering to secondary muscovite, Potssh feldspar

(F) altering to secondary muscovite,






Plate 7. Thin section of "pele mica" grasnite, X16, plain
polarised light. Lithionite (L) containing
gome pleochroic haloes., lote absence of dark

minersls such as tourmaline and biotite.

Plate 8, As Plate 7, crossed nicols. Plagioclase
megocrysi, lying approximately vertical contains
secondary muscovite. Potash feldspar sltered

to secondary muscovite along the cleavage,






Plate 9,

Sheet of "small feldsper" granite intruding ''big

feldspar" granite in the new sump area exposed in the

summer of 1978 (location 4).

Aplite

Plate 10,

Pigicated sheet of "small feldspar" granite intruding
"biz feldspar" granite in the new sump area exposed
in the summer of 1972 (location )., Two xenoliths of
BF" (marked 4 and B) have teen broken off; their
angular nature suggests that the BTC was fairly solia
at the time of emplacement of the SFT,







Plate 11, Xenolith of "big feldspar" granite set in
"gmall feldspar" granite in the NMartins
Goonbarrow area. Note the pegmatitic growth

of feldspar and tourmaline around the xenolith.

Plate 12, The Goontarrow pegmatite exposed in the
Imperial Goonbarrow area, The curved nature
of the white orthoclase crystals can te clearly
seen, Note the dark hands of tourrmalire rich
matrix which lie parallel to the granite/

pegmatite contact,






Plate 13. The Goonbarrow pegmatite exposed in the West
Goonbarrow area (location A)., The potash feldspers
are not curved at this location, however the
layered nature of the interstitial matrix can be
clearly seen, The dark btands are tourmasline rich

layers lying parallel to the granite (pegmetite

sontact),

Plate 14.  The Goonbarrow pegmatite/"small feldspar”
granite junction exposed at Imperial Goonbarrow,

Long tourmalire needles have formed at the contact,






Plate 15, A sample from the main core of pegmatite
supplied by ¥r, 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,






Plate 17. Kaolinised pegmatite from ihe West Goonharrow area

(Location 2). Lensoid pod of cosrse grained quart

and kaolinised orthoclase feldspar.

BFG

veins

Pegmatite
SN

SFG

Plate 18, The pegmatite lying hetween "biz feldspar" granite
to the top) and "small feldspar" granite. This
shows a good example of the "dog lez" effect of
the pegmatite. INote the quartz/tourmaline veing
cutting the granite and pegmatite (Location c).






Plate 19, Section through the pegmatite in Imperial Goonbarrow
(Location C)., The "big feldspsr" 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 feldepar" sranite lies
to the left, The orthoclase crydtals within the
pegmatite display their maximum smount of curvature
as the pegmatite swings to a vertical position

(Location D),






L

Plate 21. The pegmatite in Imperial “oonbarrow (Location E),
The attitude changes ebruptly at points A and B,

The pegmatite can be recognised by the bands of

tourmaline.

o
4
w

o+
®

"N
N

. The pegmatite in Imperial Goonbarrow, The "big
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

headjress™ effect.






Plate 23, The pegsmatite in Imperial CGoonbarrow (Location n).
The pegmatife outcropping at the bottom left hand

corner changes attitude abruptly by the observer.,






Plate 24,

Imperial Goonbarrow, South face. The greenish yellow elvan crosscutting a quartz/
tourmaline vein swarm. The granite is intensely kaolinised in this area. The
temporal sequence of - veins followed by elvan - was first suspected when the

small elvan apophysis on the extreme left was seen lying in a matrix of

tourmaline in eerly 1977. The pegmatiie can be seen on the extreme right sudcenly
changing in attitude about 7 cms from the right, The "big feldspar" granite lies

at the top right.






Plate 25. The pegmatite showing curved orthoclase crystals,

Plate 26. The pesmatite showing curved and branching

orthoclase crystals,






Tlate 27.

Section through the pegmatite with the "hig feldspar”
granite on the left and "small feldspar" granite to

the right, Some parts of the "small feldspar™ granite
have been intensely tourmslinised. Tourmaline rich
bands lying parallel to the pegmatite-granite contact
can be clearly seen throughout the pegmatite. he
curved pegmatite feldspars display their maximum
curvature when the pegmatite is vertical. (Location

D).

Section through "pinched" pepmaitie ~xposed 2t the far
eistern end of Imperial Goonberrow (Location F), The

two granite tyves can he clearly discerned,






Plate 29, Close up of the "pinched" pegmatite shown in plate 283,
The vegmatite at this point consists mainly of ortho-

clage with interstitial biotite and tourmaline.

Plate 30, The BFi~-pegmatite junction, The sharpness of this
junciion suggests that the 2FC was essentially solid
at the time of pegmstite formation, Orthoclase
crystzals within the pegmatite can be seen increasing
in cross-sectional area away from the BFC and also

branch irn +this direction,






Plate 31.

Plate 32,

The SFG-pegmatite junction, Crthoclase crystals can
be seen growing in cross-sectional area and branching
in the direction of the S¥, Protruding feldspers

are surrounded and overcrown by a fine grained aplitic

matrix which blends gradationally into the SFG,

A sample of the SFG-pegmatite contact. Feldspars can
bte seen growing in cross-sectional area and branching
towards the SFC, The protruding feldspars are
surrounded and overgrown by a fine grained aplitic
matrix whick %lends grzdationally into the SR,  Twe
thin tourmaline rich bands can be seen within the
aplite, one of which grows around the protruding

feldspars,






Plate 33,

Plate 34,

Thin section of the Goonharrow elvan, X200, crossed
nicols, A large quariz mezacryst is surrounded by a
fine grained matrix of sericite-quartz. & small flake
of relic primary muscovite is seen to the right hand

corner of the quartz megacryst.

Thin section of the Coonbarrow elvan, X80, crossed
nicols, “vartz megacrysts are surrounded by s fine
grained matrix of sericite-ouartz. A tourmaline "star"

if seen at the upper left of the photograph.






Plate 325, Thin section of the Goonbarrow elvan, X800, crossed
nicols, Tine grained kaolinite/sericite intergrowth

pseudomorphing feldspar in a quartz/muscovite matrix.






Plate 36. The Goonbarrow elvan exposed at the south face of

Imperial Goonbarrow. The guartz/tourmaline vein

swarm surrounded by kaolinised granite is crosscut

by the elvan,






Plate 37. Apophysis of the Goonbarrow elvan showing laminated

flow banding (Location ¥),

Plate 33, The western end of 01d Team looking towards North
Goonbarrow, Unkaolinised granite is exposed on
the extrems left cut by 2 Tew small veins, As
the vein swarm on the right if approached the

granite becomes progressively more keolinised,






Plate 39, The western end of 0ld Peam, the steep walls of the
0ld Jorth Coonbarrow pit in the background. Grey
unkaolinised granite is clearly seen at the exireme
right and left of the photograpnh crosscut by 2 few
quartz/tourmaline veins, The large vein swarms in
the centre are surrounded hy kaolinised granite clearly

discerned by its whiteness.

Plate 40. 2 vein swarm exposed in the area near Martins Goonbarrow,
The granite is extremely kaolinised (see cross-section

in FPigure 12),






Plate 41, A sanple of a cassiterite bearing vein from Cld Beam,
Tourmaline is found 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 hlocks.

Plate 42, Thin section of a cassiterite bearing vein (GO0 76/5%
{rom 0ld Ream, 100X, crossed nicols, The cassiterite
on the left is zoned. A matrix of intergrown quartz

and tourmaline is shown on the right,






Plate 430

Plate 24,

A typical cassiterite bearing lode in the Old Beam area,
with the old mine workings in the background, A white
topaz rich greisen in tre foreground elters gradationally
to a "normal" greisen in the background. Cassiterite was

found associated with the topaz greisen,

Close up of the topaz rich greisen shown in plate 43,

Cassiterite is found throughout the greisen.






Plate 45, Close up of the "normal" greisen shown in plate 43,

Cassiterite was not found sssociated with this greisen,

Plate 46, 01d Feam. The stockwork of veins, many tin and tungsten

bearing, is surrounded by intensely kamolinised granite.
T™he remains of the 0ld nineteenth century mine workings
can be clearly seen. At the top of the photogreph is
the conveyor used to transport coarse ¢rainea quartz and
unkaolinised granite, previously separated by a rotary
clagsifer, to the top of the waste heap. A water
monitor can b seen in the foreground, used to wash out

the china clay.






Plate 47, Thin section of "pale mica" granite, X200, crossed

nicols, Tne plagioclase in the centre of the fielAd
has been preferentially altered in the core, This is

the firet stage of kaolinisation.

Plate 48. Thin section of kaolinised "pale mica" granite, X200,
crossed nicols, Pighly corroded quartz megacrysts
and relic muscovite are surrcunded by a fire grained

kaolinite/sericite matrix.






Plate 49. Thin section of kaolinised "pale mica" granite, X800,
crossed nieols. Highly corroded quartz megacrysts
and relic muscovite are surrounded by a fine grained

kaolinised/sericite matrix.






Fiuic inclusions in guertz from Goonbarrcw, Scale birs = luum,

Plete 51

Plute 52

Flate 53

4 typical two phase fluid inclusion, A trail of

secundary inclusions lies above at., (Sanple No. 143V,.

A plaene of secondary two phase inclusions, (Semple

No, 10V),

A "necked" inclusion probedbly produced by tectonic
movement or reheating. Un hezting an erroneous filling
temperature would almcst certainly be obtained,

(Sample No, 187).,

An inclusion formed before the process of "necking" has
been complcted. Hac the process gone to compgletion it
is vrovably theo the mejority of the water vapour would
nave been frapped in the upper right nand part o1 the
inclusion and the daughter crystels oun ithe lower left.

Subsequwnt heating/freezing studies would have proauced

very anomalous results, (vample dNu. 32V).






Fiuic inclusions in quartz from Goonbarrow, Scale bars = 1me.

nx-mples of vapour or "boiling" inclusions.,  Unlike normal {luic
inclusions these will homogenise intc the vapour phase.  When
occurring in close proximity to normal fluid inclusions (Plate 55)

tnils suggests that both vapour rich ena t'luic rich phases vere

-

itrapped simuliteneously from a builing sclution and that the aqueous

- .

ies on the critical curve for that particular solutiovn, Ir
the salinity and temperature of the fluid is known from other
inclusion evicence then lhe pressure may be easily obtained from the

appropriate critical curve,

Fiate 54,  Sample No, 187
“late 55  Sample Lo, 75V
Plete 56  Sample o. 75V

Flate 57  Sample o, 137






Fluida inclusions in quartz tfrom Goonbarrow, Scale bars = 1%~m.

Zlste 55 An example of & fluic inclusion containing several rod
like daughter minerals,  The vapour bubble is deformed
as it has insufricient room to cssume its normal spherical
shape The outline of this inclusion suggests it has

been cistorted since formetion.  (Samnple ho. 82V,.

Plate 59 ‘nother example of =z fluid inclusion containing s
deformed wvapour bubble wzunc several deughter winerais
including 2 cubic mineral - probebly nalite or syivite.

(Sample Noo 243/

Plate 60 (plein light) and Plate 61 (crossed nicols). An irreguler,
deformed inclusion containing several daughters. The
cubic mineral is halite or sylvite and the rod like
birefringent mineral (in plate 6Ub) isg proubasbly a mica

viewed perpendicular to its ¢ - axis,






Fluid inclusions in quartz from Goonbarrow, Scale bars = 1me.

rxamples of cubic daughter minerals in fluid inclusions.
Plate 61  Sample o, 243
rlate 62 Semple ko, 32V
rlate 63 Sample nNo. 243

Plete &4  Sample No., GBEV






SMuia
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rlate

inclusions in cquartz from Goonbarrow, Scale burs = 1Umn,

66

67

o
O

An inclusion containing a cubic minersl - halite or

sylvite. (Sample No. GB2V).

An inclusion containing a cubic minerel and an hexagonal

plete = almost certainly a mica. (Sample Noo 243).

An inclusion containing cseveral daughters including a

cubic mineral., (Semple Wo. 243,

an inclusion containing several daughters lacluding a
cubic mineral and a rod - possibly & mica viewed

perpvendicular to its ¢ - axis. {Sample No, 243).






Fluid inclusions in quartz i'rom Goonbarrov, scole bars = Tumn,

Plate 69 Two inclusions containing several caughters, some
& £ )
cutic, The inclusion on the osight also conteins a

fibrous mineral (Seample Lo, 243).

7va  (plain light) cnd rlate (ub (crossed aicols;. A fluia

y
[
[AYS
ct
¢h
~<J

inclusion containing a bireiringent ca. Suaaple

No. 82V).






Flulce inclusions in quartz rum GOONLEYrTOW,. Scale bars = 1upm,

Flates 71a and 72a (plain light) snd 71b end 72b (crossed
nicolsj. Inclusions containing birefringent

rods possibly a mica plate viewed perpendiculer

Flate 74 Sanple No. 243

Flate 72 Sample o, 32V






rlaie inclusicns in quertz from Goonbarrow, scale bers = 1uum,
i ;

fxeamples of inclusicns containing hexagonal plastelike daughters -

almost certeinly micas,
FPlate 73 Sample Ho. 82V
Plete 74  Sanple No. 187

Plete 75 Scuple No, 32V






Fiuia inclusions in quartz from Goonbarrow, Scale bars = 1Upn,

Exemples of fluid inclusions containing birefringent sub-spherical

(iEJ‘Atllte, 'S,

Flates 7oa and 77a - plain light and Plsates 7ob end 770 (crossed
Y £

)

nicolsj.

late 76 Sample no. 02V,

: . 4 s Y o g e [N E
caote [ Szmple e oY

1






Fiulia

Plate

"

Flate

Plate

Plate

inclusions in quartz from Goonbarrow, Scale bars = 1Jumn,

78.

9.

81,

An inclusion containing several sub-spherical
daughters and a small vapour bubble. (Sample

No. 243).

An inclusion containing « sub=-spherical daughter,

(Sample Noe 145V).

An inclusion containing several sub-spherical
daugnters and another containing a ceformec vapour

bubble, (Sample No., 11UV),

An inclusion containing a large blocky birefringent

daughter. {Sample No. Z43).






riuicd inclusions in quartz ['rom Goonbarrow, Scrle barsg = 1qmn.

Fletes 8B2a

Flates 83a

K

(plein light) and &52b (crossed nicols). An inclusion
containing a large blocky birefringent caughter,

(Sample No, 143V).

(plain light) 2nd 83b (crossed nicols). An inclusion
containing & birefringent fibrous mineral - rarely

observed. {(Sample No. 143%V,.






Fluia inclusions in guartz I'rom HOONDALTOW, bcule bars = 1qﬂm.

; lates BLa
rlate 85

(plairn light) and o4t (crossed nicolsj., An inclusion
containing & biretringent fibrous mineral.  (Sample

No. 1L3V).

An inclusion containing black opaque crystals,

(Sample No., 1UV),






Scanning electron micrographs of daughter crystals in fluid inclusion
cavities.,  Scale bars = 1um, All spectra contained a Si peak which

mav have come from the daughter or host mineral (quartz),

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

b Close up of centrazl inclusion in a,

Ce Close up of inclusion in extreme left of a, Note small spots
or hslite cube which have heen produced during analvsis bv the
elentron heam, Area analysed is therefore around O,7un,

. Yeedle -1ike Adanghter containing AL, Fe, ¥n and Zn. (Sample No,
159V) .

e, Platey mineral containing Si(?), 41 and K. (Sample Yo, 152v),

Identified as muscovite,

f. Amorphous daughter probadbly depogited from inclusion fluid during

opening of inclusion (Sample lo, 152V), Contains, Al, Cl, K and

Z. Cubic mineral containing Vo and €1 (Sample MNo. 152V). TIdentified
gs halite,
. Amorphous mineral containing Fe and ¥n. (Sample from lensoid

- 4+
seamatite),






Plate 87

Scanning electron micrographs of daughter crystals in fluid inclusion

cavities, Scale bhars = yum. All spectra contained a Si peak which

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

All crystals gave the same spectra containing Cl, Fe, Mn and S,
(Sample YWo. 143G),

A11 crystals gave the same spectra containing Al and Ya, (Sample
No. 1430). Their platey habit eugrests thev are micaceous,
Platev mineral containing Al, €1, X ané Na. (Sample Ko. 53V).
Platey mineral containing Al, C1, Pe and X. (Sample No. 53V),
Platey mineral containing 41, C1l, K and Na. (Sample No. 73V).
Crystal contains #Ma and C1l. Prchably halite but does not have
cubic morphology.  (Sample Mo. 73V).

Platey hexagonal mineral containing Al, €1 and K, (Sample

No. 165V),

¥ineral probably of cubic morphology containing C1l, probably

halite., (Sample No. 152V),






Plate 88

Tcanning electron micrographs of dauchter erystals in fluid

inclusinns cavities, Scale hars = 1um, All spectra contained

a 31 peak which mav have come from the dawhter or host mineral

(quartz),

a2, and h, Yineral contains Al an? X, (5ample Mo, 111).

c. and d. lineral contains Fe and i,  (Sample YNo. 111),

e. and f, IFineral contains Fe and Mn. (Sample No. 14°4).

Platey mineral containing Al and ¥,  (Sample Yo. 1434),
e Noth crvstals have identical spectra containing Cl, K

and Ma, (Sample Yo, 171V),






Plate 89

Pl AR AT

Scanaing electron micrographs of daughter crystals in fluid

inclusion cavities., Scale bhars = lum, A1l spectra contained a

e

31 peak which may have come fron the daughter or host mineral
{quartz). The crvs*tals are latelled in the diagram for easy

refarence,

=8 Inclusion cavity containing several daughter crystals (Sample
Yo, 152V),

e View of crystals E, O, D and ¥, ¥-ray analysis revealed the
following anralyses:
R, Fe, Mn and Zn
. Al, Te and K

Do No sgpecira peage

c. N"lose up of crystals E and .

da Crystal A, containing Al, S and 2Zn.
e, Crystal F, contzining 21 and K,

T Crygtal O, containing Cl,.

frystals H and I neither prnducing any spectral peaks,

m
-






Plate 90

Scemning electron micrographs of daughter crystels in fluid
inclusion cavities, Scale bhars = lum. All spectra contained a

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

~

rp\

(quartz), re crystals are lahelled in the diagrams for easy

refarence.,
a. Inclusion cavity containing two daushters (Sample No. 152V),

e Close up of daughters A and B from a,

k. contzined Fz and Vn

C. Inclusion containing a rhombohedral daunghter (Sample No, 171V).

(@3}

. Mlose up of daughter 2 from c. Note ropey sides possibly
produced hv cleavage of crystal. Analysis indicated the

presence of Fe and Mn,






Plate 9

Scanning electron microsraphs of dawgnter crystals in fluid

inclusion cavities., Scale bars = 1um, All spectra contained
Si peak which may have come from *the daughter or host mineral

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

reference,

a. Tnclusinon cavity containing several daughters (Sample No. 73V).

Ao contained Al and Te

B. contained &1, C1 arnd Te. rod like.
y

~

T« contained Cl, Fe and K. rod like.
v, Inclusion cavity containing several daughtere (Sample No. 73V),

&, contained C1 21d K

ut

. contained 21 and Cl
ve T0 gpectral peaks ohtained

T contained C1, X 2nd ia
c. Inclusion cavity containing two daughters (Sample No. 137V).

A, Cubic(?) mineral contsining Ca, C1l, Fe and n

R, Yo spectral peaks obtained

o R
[ ]

Inclusion cavity containing three dauchters (Sample No. 147V),

A, 2morphous mineral containing Fe
» Platey mineral containing £1, Ca, Cl, X and S

. o spectral peaks obtained






Plate 92

Scanring electron micrographs of dauchter crystals in fluid

inclusion cavities, Scale bhars = 1um, A1l spectra contained

2 Si peak which may have come from the danghter or host mineral

(quartz), The crvstals are labelled in *he diagrams for easy

reference.

Inclusion cavity containing two daughters (Sample No, 165V),

™

4, TFlatey mineral containins &1 and X

2o imarpuous crystals containing 71 and K - prohabtly
deposited from fluid on opening the inclusion., Identified
as sylvite,

Irclusion cavity coutaining several deughters (Sample No. 97V),
Individual crystals were difficult to define hence several spot
and raster analyses were nade,

Raster a. revezled Cl, Fe, S and Zn

Spot 2. which was in the centre of raster i, revealed Fe, S and
n.
Spot C, contained C1, e, S and Zn

Spot T, contained Fe, S and Zn

Spot X. gave no spectral peaxs

At least two dezughters were identified, one containing Fe,
S and Zr. ™e other €1, Te, 5 and In,

Inclusion containing three platey minerals (Sample Mo, 152V),

2, contained *1 and X
e containred £1, Cl and ¥

N

2. contained 41 and K
Irclusion containing two daughters (Sample No, 124V

A, contained Ca, C1l, Fe and VMn

¥, contained Ca(?) and Sn






Plate Qﬁ

Scanning electron micrographs of daughter crystsls in fluid
inclusion cavities. Scale bars = lum, A1l spectra contained a

21 peak wnich may have come from the daughter or host mineral
(quartz). The crystals are labelled in the diagrsmg for easy

reference,

Inclusion cevity containiy, several daughters (Sample No. 82G),

33}
°

contained &8 and Te
contained e

o contained We, ¥n and Zn

no spectral peaks obtained

YN T
.

T

. @

F. no spectral peaks ohtained
F. contained Fe

Ge contained Fe

h. Inclusion cavity containing two daughtere (sample lNo. 152V).
The daughter to the left of the platey mineral is very difficult
to see in the photograph.

4, contained Al, Fe and K
Fe contained Al and Cl

Ce Tnclusion cavity containing several daughters (Sample No. 82G).

Le contained Ve, Mn and 7n

., countained A1 ard ., platey minernl
. no speciral peaks obilainen

De  contained sl and X

. mno gpecitral peaks obtained

W, crystals trhat were proharly Aenosited from the fluid when
tre inclusior was opened, Dontoinec i1, 1, Fe, X, Mn anda
20,
. - . L] / A N\
2, Iniclusion cavity contzining two daughters (Sample Yo, 262).

&, conteined A1, Pe and X
B *

7, DRat like daughter crystal, no spectral peaks chtaired.






Plate 94

Scanning electron micrographs of daughter cryvstals in fluid
inclusion cavities. Scale hars = Eﬂm. A1l spectra oonfained a
S5i peak which may have come from the daughter or host mineral
(quartz), The crystals are labelled in the diagrams for easy

reference.

3, Inclusion cavity cortaining several daughters (Sample No. 152V),

A, contained Cl, Fe and Mn

Ps contained Al and Fe

C. contained 41, Cl and Fe
. contained C1, Fe and Mn
T. contained Cl

F. contained Cl, Fe and K

b. Inclusion cavity containing three daughters (Sample No. 137V),

A, contained Cl, Cu, Fe and Mn
F. no spectiral peaks obtained

C. no spectral peaks ohtained
Ce Inclusion cavity containing several daughters (Sample No. 73V).

A, Platey mineral containing ¥e and K

. contained Fe and !n
d. Inclusion cavity containing several daughters (Sample No. S3V),

A, Cubic mineral contsining fe and Mn
M. mno snectral pesks obtained

Ce mno spectral peaks ohtained






Plate 95

Scanning electron micrographs of daughter crvstals in fluid
inclusion cavities, Scale hars = Tum, 411 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.

2. Inclusion cavity containing two danghters (Sample No. 152V),

b Close up of crystal A from a. A-ray analysis identified
tre presence of i1 and K. Its »latey habit suggests that
the mineral is muscovite,

Co Close up of crystal B from a. X-ray analysis identified
the presence of Al and K, its platey habit suggests the

mineral is muscovite.

¥
L ]

Inclusion cavity containing two daughters {(Sample Wo. 152V).
e. Close up of crystals from 4. X-ray analysis gave the
frllowing resnlt:

A, As, Cu, Fe and S, Identified &s arsenopyrite.

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

e mm——————-

ing electiror micrographs of dsughter crystals in {lunid

gion cavities, Scale bars = lum, 411 spectra contained =
ak which may have come from the daughter or host mineral
tz). The crvstals are labelled in the disgrams for easy

ernce .

Tnclusion cavity containing two daughter crystals. (Sample
Yo, 152V),

Aty

Close up of crystiel R, from =, wray enalysis indicated *he

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

is muscovite.

Close up of crystzl A. from a, X-ray analysis indicated the

presence of Fe and “n. Tta rhombohedral habit sugsgests the

mineral is ferroan-rhodochrosite.

Inclusion cavity containing three daughter crystals, (Sample

No. 152V).

Close up of crystal A, from d.

Close up of crystal B, from d.

Y-ray analysis of crystals a, B and C gave the following

resvlts:

£, contained &1 and ¥, ldentiried ss muscovite,

B. contained C1l and Na, Its cuhic form identifies it as
halite.

C, contained C1 and Na,. This budgie like substance may have

been deposited from the fluid on opening the inclusion,






Plate 97

Scanning electron micrographs of daughter crystals in fluid inclusion
cavities, Scale bars = 1um, A11 spectra contained z Si peak
which may have come from the dauvghter or host mineral {quartz).

The crystals are labelled in the diagrams for easy reference,

a, Inclusion cavity containing two daughters (Sample No. 152V),
b Close up of crystal R, from a., A-ray analyvsis of crystals
2 and T gave the following results:
Ao A1 and K, Its platey hahit identified the crystal s=s
mascovite,
B3.  Pe znd ¥Mn, Identified as probebly ferroan-rhodochrosite,
Ce Inclusion cavity containing several daughters (Sample No. TBV).
d. Cloge up of crystalg A and b from ¢, X-ray analysis gave the
following results:
A, 4Al, Cl, Fe, K, Mn and Na,

B, No spectral peaks cbtained.






A large xenolith of kaolinised country rock (killas)
seen lying 'in intensely kaolinised granite in Meltur

china clay pit.






Plate A1, A portion of the high vacuum extraction line used for the determination of the argon
isotopic compositions of rocks and minerals at the Institute of Geological Sciences,
London. The RF healing coil can be seern operating on the middle sample ['urnace,
The titanium furnice is on the extrene Hmw«._ The air cazpsule holder and qguadropole

gauge lies Just 1o the right of the opsrator.






Plate Az, The hign vacuum argon extraction line., The roughing, diftfusion and

ion pumps lie underneath the bench. The mass spectrometer electronics

are on the right.








