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A study has been made of the relationship between heating-

ing stage and decrepitation data for fluid inclusions in three

th zones of a large quartz crystal from Kingsgate, New South Wales,

It was found that the mean homogenization temperatures can

dstimated from the decrepitation data either by specific corrections

related to the known inclusion salinity (more precise) or by a general

cort

Dis

rection which is independent of salinity (less precise).

~repancies of up to 30-40°C exist between the actual and estimated

homogenization temperatures. Of the several possible reasons for these

discrepancies the most likely is that the inclusion size affects the

ten
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Introduction

Decrepitometry is a method of characterizing mineral samples by the
discrete acoustic emissions they produce on heating. These emissions
originate in the fracturing and leaking of fluid inclusions. The method
can rapidly provide a large quantity of semi-quantitative fluid
inclusion data in a survey which can be used in such applications as
distinguishing mineralized and barren quartz veins (BURLINSON et al.,
1983). As part of a program of testing a new approach to the theory and
practice of decrepitometry (HLADKY and WILKINS, 1987; WILKINS et @iy
1487), we have examined a well characterized quartz crystal from a
quarLz-molybdenite-bismuth deposit from Kingsgate, New South Wales,
Australia. This study provides a clear example of the relationship
between acoustic emissions and fluid inclusion content and enables a

dbtailed evaluation of a number of complexities inherent in the

~

echnique.

Materials and methods

The sample studied is part of a large crystal 150 mm in length with

¢orroded prismatic and unequally-developed rhombohedral faces. It was

¢ut into two pieces parallel to one of the larger rhombohedral faces in
such a way that three growth zones were intersected. A 7 mm thick slice
from one of the cut surfaces was sufficient to provide material both for

a polished thin section and crushed samples for decrepitometry. Fige 1

indicates the location of the samples from the three zones selected for

study.




The blocks for decrepitomecry were crushed in a small roller mill
ind bieved into 1000-600, 600-425, 4257212 212-106 and 106-53 pm
fractions. The samples (0.5 g) were run in a newly-designed
micn0processor—controlled decrepitometer, constructed by Burlinson
Geochemical Services pty. Ltd., at a heating rate of 20°C/min over the
range 100-600°C. The results, which are displayed by the instrument in
the| form of a histogram of the number of counts per 10°C interval over
this temperature range, were then treated on a PDP 11 computer using
GAUSS, é curve fitting program which utilizes the subprogram MINIM by
D.E. Shaw of the CSIRO Division of Mathematics and Statistics, Sydney,
Australia. With this program the curves are resolved into a selected
nunber of Gaussian peaks and the number of counts, mean temperature and
standard deviation are tabulated for each peak. The results were then

plotcted with a Hewlett packard 7221C plotter.

The thin sections were examined for indications of origin of the
inclusions. To determine size distributions, 200 inclusions were

blected from each zone using random simultaneous X and y translations

wn

of the section on a moving microscope stage. AL each position the
inclusion closest tO the crosswires of the microscope was measured for

length and widthe.

portions of the thin sections were then cut out for homogenization
temperature and salinity determinations using a SGE heating-freezing
stage. The stage was calibrated at the triple point of €O, (-56.6°C)
using a CO2 inclusion standard, and at the melting points of pure water,
NaNO4 (306.8°C) and KZCrzo7 (398°C). AL 0°C and below the errors are
believed to be * 0.2°C and in the region of most of the homogenization

temperature measurements (200-400°C) the error should be within * 5°C.




Results

Fluid inclusion distribution

In the section of the outer zone of the crystal a substantial
proportion of the inclusions are roughly arranged parallel to a
rhombohedral crystal face (Fig. 1) and are primary in origin. Other
inclusions not zonally arranged but lying along non-intersecting curved
surfaces could also be primary inclusions of the lineage boundary

typg. Inclusions in the intermediate zone are not zonally arranged but
again are mainly to be found along well-defined curved surfaces, very
few|of which actually intersect one another within the thickness of the
seccion. The inclusions in the core are distributed both irregularly
and| along well-defined intersecting healed fracture surfaces. It is
probable that both primary and pseudosecondary inclusions are present in
thils zone but because the origin of many inclusions was not clear they
were not classified at the time of data collection. The inclusions in
this crystal show very little evidence of necking-down. Low density

fluids such as may have originated by boiling, are absent.

Size frequency distribution data for inclusions from the three

zohes are presented in Fig. 2.

Heating—-freezing stage

The results of the freezing stage examination of the fluid
inclusions from the three zones of the crystal (Fig. 3) show that all
inclusions are of relatively low salinity. Two groups of inclusions are

nevertheless distinguishable from the rim zone of the crystal, one with

alsalinity < 1.5 wt.% NaCl equiv. (Tm ice 0.0 to -0.7°C) and the other




with/ a salinity in the range 4 to 6 wt.% NaCl equive. (Tm ice -2.5 to
-3.5°C). At least some inclusions in the latter group have appreciable
gas jcontents because in these the freezing occurs in two steps and, when
all [the ice is melted on warming, the bubble still remains deformed
until the invisible clathrate melts at approximately +1°C. Inclusions
fron the intermediate zone of the crystal all have a salinity of less
thah 1 wt.% NaCl equiv. and there is no evidence of clathrate

formation. Inclusions from the core zone fall into two groups on the
bagis of whether a clathrate is present or not. A clathrate was found
in lall inclusions with Tm ice =3.6 to -4.5°C. Although the clathrate is
inyisible, evidence of melting at approximately +9 to +10°C was obtained
by| observing bubble movement during cycles of freezing and warming to
successively higher temperaturese. The gas could not be condensed at
-130°C and there was no evidence of any phase change in the bubble in

thHe region of the CO, triple point (=56.6°C) »

Homogenization temperatures obtained from 100 inclusions in each
zone are plotted in Fig. 4. Heating and freezing stage results were

obtained trom different suites of inclusions except for the core sample

from which there was an overlap of 25 inclusions for which both heating

and freezing data were obtained.

Decrepitation data

Representative decreplgrams for the three zones are compared with
the corresponding homogenization temperature histograms in Fig. 4. An
attempt to fit the decrepitometric data by two Gaussian curves was

successful for the intermediate and rim zones but unsuccessful for the
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re samples. These, however, were satisfactorily fitted by three

ussians. The parameters of the component curves for the five samples

on each of the three zones are listed in Table l.

The effect of particle size of a sample on its decrepitation

response is illustrated in Fig. 5 for the different size fractions of

the| sample from the core of the crystal.

Discussion

Occurrence of crystal

The geology and mineralogy of the Kingsgate quartz-molybdenite-

bismuth deposit have been discussed by ANDREWS (1916), GARRETY (1953)

and LAWRENCE and MARKHAM (1962). The deposit consists of a number of

small irregular pipe-like bodies in the Red Range Granite of Permian

age, in proximity to the roof of the intrusion and near the contact with

surrounding Carboniferous sediments. The pipes have no brecciation

fdatures, but they have a rough zonal structure consisting of a margin

of compact granular quartz and bismuth, an intermediate zone consisting

o

f porous granular quartz with disseminated molybdenite and a central

zone containing massive molybdenite and coarse granular and well-formed

Cc

S

o)

“

rystals of quartz commonly up to 10-20 cm in size. The crystal
blected for the present study was collected from a spoil heap but

robably derived from the latter zone.

EADINGTON (1977), in a study of the fluid inclusions of the quartz
rom the different zones of the pipes, recorded salinities in the range
- ~10 wt.% NaCl equiv. and homogenization temperatures in the range

10-375°C. Significant variations in the temperature and salinity of




the inclusions were noted even within single crystals, and some of the

inclusion fluids were shown to contain a significant gaseous component.

Homagenization temperature—decrepitat1on temperature correlations

The origin of the decrepitation effect and the general nature of
decrepitation curves are discussed in detail in two papers that form the
basis of a new approach to the theory and practice of decrepitometry
(HLADKY and WILKINS, 1987; WILKINS et al., 1987). Classic Canadian and
Rugsian works are extensively discussed in these paperse. A number of
important results follow from our new approach. The decrepitation
temperature of an inclusion is determined by factors controlling the
development of internal pressure with increasing temperature (solution
copposition and density), the mechanical properties of the mineral and
the way they change with temperature, and the size and shape of the
inclusion. Relationships between homogenization temperatures and
decrepitation temperatures are simple for inclusions larger than a

critical dimension which can be shown theoretically to be approximately

—

5 pm for quartze The high temperature peak at about 550°C, which

varies in intensity but is almost always present in a decrepigram, is

associated with changes in the Young's modulus of quartz in the region
of the a-B transition and represents the decrepitation of small (K15 pwm)

{inclusions which would otherwise survive to higher pressures.

Relationships between decrepitation and homogenization temperatures

and comparisons between different decrepigrams are based on their
resolution into a nunber of Gaussians and on the mean temperature,

standard deviation and total counts in the component peaks. The mean




decrepication remperature (Tdm) and mean homogenizatLOn remperature

(Thm) are defined and discussed in HLADKY

& WILKINS (1987) This

analysis procedure is Eollowed in the present paper, though it should be

note

4 that it differs from the classical approach (SCOTT, 19483 SMITH,

1949) pased on the idenri:ication of the decrepitation tempera:ure as

the commencemenc of the first massive increase in decrepication activity

in|a sample.

For the purpose of comparing homogen
rasults, the high temperacure peak associ
mpy be eliminaced from considera:ion. 1t

omogenizacion temperature data and the €

o

jzation and decrepitacion
ated with the a-P cransition
is then apparent that the

orresponding decrepitometry

data are closely related (Fige 4). The major differences are in the

mean positions of the peaks and in the gY

eater scandard deviation of the

decrepitomecry data. 1Ine decrepication peaks are displaced to higher

temperatures pecause of the increment of

overheating which must take

place pefore decrepitation occurse The rim sample provides an excellent

exanple of the way 3 very sharp distribution of homogenizacion

temperatures can result in 3 broad decrepitation responseé- The

proadening results in part from the small rang® in galinity of the

inclusions so that there is @ range of appropriate isochores and

dirferent rates of pressure increase 1n the different inclusions on

heatinge Another gactor 1is that the critical preaking pressure also

depends strongly upon the shape of the inclusionse

perhaps most

imporcantly. however, the remperature gradient over that part of the

furnace containing the sample results 10

otherwise identical inclusions

decrepirating over a range of measured tempcrature.
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The results of the homogenization temperature determinations (Fig.

show that the modal temperature decreases from 355°C in the core

throbgh 285°C in the intermediate zone tO 255°C in the rim. A strong

shoulder is present on the low temperature side of the main peak from

the |core sample. This shoulder appears to consist of two overlapping

homogenization temperature peaks at 285 and 315°C and they are probably

represented in the corresponding decrepigrams by the two shoulders at

360| and 390°C best seen in the 212-425 and 425-600 pm fractions of the

co

re zone (Figs. 4 and 5). For the purpose of this analysis we have

considered these LWO peaks to be a single composite peak similar in mean

po

dition and standard deviation to the major peaks of the intermediate

and rim zones. A possible interpretation of the temperature data from

th

in

in

20

e

la

if

~

o]

of

¢ core is that the high temperature peak originates from primary
-lusions and the low temperature peak represents pseudosecondary
clusions formed by the healing of cracks which developed in the core
he of the crystal during the growth of the outer zones with declining

mperatures.

HLADKY & WILKINS (1987) show that provided the inclusions are

rger than some critical dimension depending on the host mineral, and
the composition of the fluid is not known, a correction of -75 % 20°C
the mean temperature of a decrepitation peak gives a good estimation

the mean homogenization temperature of a Gausslan population of

inclusions within the temperature range 100-400°C. The results of

applying this average correction procedure to data from each of the 425-

600 pm size fractions are given in Table 2.

10




As some salinity data are available for the inclusions in this
crystal, it should be possible to make more precise corrections by the
use of specific isochore information. Results for inclusions from the
core| sample, from which both heating and freezing data are available,
show that those with Tm ice 2 -2.0°C give rise to the low
homagenization temperature peak at 300°C and the apparently more saline
inclusions, which also show evidence of clathrate formation, give rise
to the intense peak at 350°C, The gas in the latter inclusions is not
read1ly condensed and is most likely to be nitrogen rich. It is present
in sufficient quantity to give rise to an important volume of clathrate
whikh increases the apparent salinity of the solution. Until the
composition and density of the gas phase are determined, the
corresponding isochores cannot be constructed and precise corrections
male. However corrections for 1-5 wt.% NaCl solutions give fair to good

estimates of the mean homogenization temperatures corresponding to the

twp decrepitation peaks (Table 2).

Similarly, inclusions from the rim zone fall into two groups with
Ta ice > 0.7°C or Tm ice -2.5 to -3.5°C. At least some of the
apparently higher salinity inclusions contained invisible gas clathrate
so that detailed corrections cannot at present be made for this section
or the crystal. Approximate corrections for a 1-5 wt.% NaCl solution

can reasonably be applied.

Inclusions from the intermediate zone, however, are more uniform,
with Tm ice > 0.4°C and a salinity of approximately 1 wt.% NaCl
pquivalent. Application of the appropriate correction for this salinity

yives an estimated Thm of 303°C whercas the measured mean homogenization

11




temperature is 276°C. 1f the inclu

application of a general correction would

310 =|20°C.
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Conclusions

It has been possible to show that heating stage homogenization
temperature data and decrepitation data for fluid inclusions are closely
correlated, confirming that the observed acoustic emission does
originate in the fluid inclusions. The correction procedures used
appear to be successful in deriving an approximate mean homogenization
temperature (Thm) from the mean decrepitation temperature (Tdm) at least
in those quartz samples in which most of the inclusions are larger than

the| critical dimension of about 15 pm diameters.
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Figs | Lo

Fig- 3.

Figle %.

Fig. 5.

Figure captions
Section of the Kingsgate quartz crystal showing the location of
samples selected for studye.
Size distribution of 200 fluid inclusions in samples from the
three zones of the Kingsgate quartz crystal.
Ice melting points for inclusions from the three growth zones
of the Kingsgate quartz cyrstal. Shading denotes data from
inclusions in which gas hydrates were also observed.
Comparison of homogenization temperatures obtained from
heating-freezing stage examination of thin sections (left of
diagram) and decrepitation data from crushed samples (right of
diagram) from the three growth zones of the Kingsgate quartz
crystal.
Decrepigrams of different size fractions of the crushed core

zone sample from the Kingsgate quartz crystal.
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Table l. pecrepitation results for different size fractions of crushed samples from
three growth zones of the Kingsgate quartz crystale
Low-temperature Intermediate~ Phase- transition
Sample Grain size Total peak temperature peak peak
(pm) count -
Count  Mean Count  Mean Count  Mean
tempe tempe tempe
(°C) (°C °0
600 - 1000 17768 13392 368.9 - - 3874 548.6
425 = 600 22161 16553 371.5 - = 5216 54547
Rim 212 - 425 19408 14129 377.2 ~ - 4998 547.1
106 - 212 14095 9479 382.6 = - 4383 547.1
53 - 106 4661 2843 386.3 - . 1527 54845
600 - 1000 18134 14101 380.7 - - 3407 548.2
425 - 600 20189 15539 385.2 “ - 4098 545.8
Inter- | 212 - 425 18622 13896 389.4 - - 4200 545.8
mediate| 106 - 212 11308 8120 399.1 - & 2843 549.7
53 - 106 4021 2656 404.3 - o 959 550.7
600 - 1000 50614 19724 377.9 26138 460.2 3944 545.2
425 - 600 47010 18485 386.2 23461 464.9 3359 545.9
Core 212 - 425 53726 21741 395.5 26279 46641 4862 545.2
106 - 212 31467 9674 403.1 18849 468.0 2898 548.8
53 - 106 13708 2564 388.4 9945 464.2 1291 548.4
17




rison of measured mean decrepitation (Tdm) and homogenization

Table|2. Compd
zones of a quartz crystal

d inclusions in growth

(Thm) temperatures of flui
¢ for a range of fluids similar to

from Kingsgate with estimated Thm value
nd in the inclusionsSe Tdm data are from the 425-600 pm fraction.

those fou
Thm estimated ¢°c)
Zone
in Tdm Thm General Corrected Corrected Corrected
crystal- measured measured correction for for for
(°C) (°C) -75 %+ 20°C Ho0 1% NaCl 5% NaCl
Rim 371 260 296 = 20 296 292 297
Inter—
nediate 385 276 310 £ 20 310 303 308
386 ~300 311 £ 20 311 304 309
ore
465 ~350 390 = 20 357 362 370
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