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INTRODUCTION
The problem of the quartz dolerites has been

attacked by a number of methods, yet much re
mains to be discovered regarding the differentiation
of these rocks.

Chemical methods and mineralogical studies, par
ticularly with regard to the pyroxenes, have
thrown much light upon the problem, but the ex
treme uniformity of the dolerites still remains un
explained, and makes the matter of attack on their
genesis difficult.

The Tasmanian dolerites have been studied fairly
exhaustively by chemical methods (Edwards, 1942),
though little serious detailed work has yet been
done on their mineralogy. Recently the problem
has been attempted on a physical basis (Jaeger and
Joplin, 1955) and measurements of magnetic in
tensity, magnetic susceptibility and density have
indicated differences in rock type which are not
readily apparent either in the field or by using
the normal microscopic methods.

On the results of this physical work a method of
differentiation was expounded, and though no de
tailed mineralogical work was attempted, micro
scope examination indicated that there was nothing
to suggest that this type of differentiation could not
have occurred. Whilst engaged on these examina
tions, however, the present writer was struck by
differences in fabric and grain size within a single
microscope section and it was thought that such

observations were highly significant in discussing
the cooling history. This communication, there
fore, is a compilation of such data, together with
a series of modal analyses, and a brief discussion on
the significance of these observations with regard
to magmatic differentiation.

The writer is indebted to Professor J. C. Jaeger
for supplying the appended data on density and
magnetic properties, and for much helpful discus
sion. She would also like to thank Messrs. A. Spry
and R. Ford and Dr. Williams of the Department
of Geology, University of Tasmania as well as Mr.
G. Hale of the Hydro-electric Comnlission of Tas
mania for taking her to many places of interest in
the Hobart area and in the Upper Derwent Valley.
The author also wishes to thank Professor S. W.
Carey for his help for communicating the paper.

FIELD OCCURRENCE
Twelvetrees and Petterd (1899) and Edwards

(1942) have remarked on the extreme uniformity
of the Tasmanian dolerite sills in the field, although
Edwards has mentioned the occurrence of chilled
margins and of occasional pegmatites. Neverthe
less, Edwards' own chemical work has shown that
quite considerable differentiation has occurred, and,
as noted above, physical measurements (Jaeger and
Joplin, 1955) have also indicated marked differ
ences. Furthermore, micrometric analysis reveals
much variation of mineral volume among the
limited number of constituent minerals.

Recent work by Tasmanian geologists indicates that many of the so-called sills show transgressive relations
to the sediments and thus should be termed "sheets H.

129
R.S.-9.





GERMAINE A. JOPLIN 131

.----
Iof-mm.......... o

Fig. 3

o -I'o'-'"--,~0-'v-O-I-uC:2m~Oo--~30:--p--4""0~t~""'F--4
" er ce n .

200

30

Fig. 4

Hooo'''' B ,,0 .' 'I
IO:+-~_l.s:__.,_O_I._..,..._)_-,-__,---_.....,r-_, ct{

o 10 20 30 40 ro 60 I ~mm-l'O

Volume Percent

- ,o0

--

-

>

«

, 0
(-mm.~

, 0

(,_ mm.-)

6050

-.

:;
0

~

~

2 "-:
"

.
<t:

30 40
Percent

E~glewood_

10 20
Vol ume

FIGS. 1-4.-Plots of micrometric analyses of various sections of the Palisade sill, New Jersey.
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which are not very apparent in the small bore core
(diameter ~"). As indicated by the work of Edwards
(942) there is no evidence of any ferromagnesian
ledge, though in the Mount Wellington sill there is
an enrichment of magnesian pyroxene at the 280
foot level.

Apart from the scarcity or absence of olivine in
the Tasmanian sills the greatest difference between
them and the Palisade lies in their greater abund
ance of mesostasis, which attains a value of about
30 per cent of the total volume in a rock near the
top of Mount Wellington. The mesostasis of these
rocks consists either of a micropegmatic intergrowth
of quartz and felspar, of small quartz grains sur
rounded by chlorite, of chlorite alone or most
commonly of indefinite felspathic material. Much
of this felspar is potassic and it may occur as irregu
lar grains or as radiating masses (figs. 11e, 12b,
13a) often pierced by long slender needles of plagio
clase which appear to be outgrowths from adjacent
plagioclase laths (fig. 11 c). Small quantities of
biotite and grains of iron ore commonly occur in
the mesostasis, the latter being more abundant in
the upper more acid region of the sill and occurring
as minute grains around the bordering minerals
or in larger grains moulded on felspar and pyrox
ene. (Figs. 11 b, and c, 12 band e, and 13 b.)

As the base of the Mount Wellington sill is
exposed· and the mass is of comparable thickness
to the Palisade sill, it was thought desirable first
to compare this section with the New Jersey ex
ample. Most of the material was collected by Pro
fessor Jaeger using an aneroid barometer, and
though at the time of collecting there were no
bench-marks on the mountain and no exact cor
rections were made for barometric variations, the
relative positions of specimens are quite definite.

Reference to fig. 5 shows that the general pattern
of what is taken to be the typical example (the
Palisade) is apparent, though slightly masked by
minor variations. Examination shows that the
amounts of plagioclase and of pyroxene remain
fairly close together until the level of 400 feet is
reached, but more critical examination reveals
that, except for three analyses which may repre
sent veins, there is a falling off of pyroxene and
an increase of plagioclase at about the 300 foot
level. It may be significant that the magnesian
rich dolerite, which Edwards regards as the most
basic part of the sill, occurs at 280 feet and that
immediately above the ultrabasic olivine ledge of
the Palisade sill plagioclase becomes excessive over
pyroxene. Unlike the Palisade Sill, however,
pyroxene exceeds plagioclase at the actual contact,
though this may be exceptional since Mr. A.
Spry of the University of Tasmania reports
that a micrometric measurement made by one
of his students showed the reverse and Edwards
found 45 per cent of plagioclase at the
margin. Immediately above the magnesia-rich
layer there is a general decrease of pyroxene and
an enrichment of plagioclase, although this is not
clearly indicated until the 400 foot level is reached.
As pointed out in the notes on the field occurrence
a fine grained darker vein was encountered in a
boulder below this level and it is possible that the
three rocks which appear abnormal between 280
feet and 400 feet may represent such veins or
segregation patches.

FIG. 5.-Plot of micrometric analyses of Mount Wellington
sill. Tasmania.

Above 400 feet the amounts of pyroxene and
plagioclase diverge and their behaviour is exactly
similar to that of the minerals of the Palisade
sill, except that both tend to be slightly lower as
the amount of mesostasis increases sharply above
200 feet. The quantity of iron ores is greater in
the Tasmanian rock, though the behaviour of the
curve is exactly similar. Chlorite, quartz and ortho
clase have been added to the mesostasis in plotting
these graphs except where it is indicated that
chlorite is replacing pyroxene.

Reference to fig. 6 shows that Bore 5001 follows
the same general pattern, and, except for a greater
number of possible veins and segregations (deliber
ately chosen because of their magnetic properties) *
is closely comparable to the Mount Wellington sill
above the 300 foot level. Furthermore, the amounts
of pyroxene and plagioclase are drawing closer to
gether near the top of the bore, thus suggesting
that this level may be a higher one than that
represented by the top of Mount Wellington, and is
in fact near the actual top of the intrusion. These
observations suggest that 5001 is a normal sill and
that its base may be reached at another 300 feet.

* Reference to Jaeger and Joplin (1955) figs. 1 and 3,
shows that there is a. peak in the intensity of magnetization
and in the magnetic susceptibility at 949 feet, that is at 101
feet above the base of the bore. Figure 6 of the presernt paper
shows a marked increase in the amount of mesostasis at this
point. The mesostasis usually carries minute grains of iron
ore too small for measurement as such.
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FIG. 9.-Plot to show width of smaller plagioclase crystals in
relation to depth in the Mount Wellington sill and
Bore Core 5001.
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A B c

FIG. 10.~Mount Wellington. X 13

A. At contact. Fine~grained dolerite showing pheno
cryst of enstatite slightly moulded around small felspar
laths. The remainder of the rock is intergranular,
intersertal and slightly subophitic.

13. At 12 feet above basal contact. Phenocrysts of
plagioclase and of partly resorbed orthopyroxene in an
interstitial, intergranular and subophitic groundmass.

C. At 280 feet above basal contact, Ophitic dolerite,

slightly intersertal. Note independent crystals of ortho

pyroxene (bottom left) and one partly moulded by cIino~

pyroxene (middle right), also interstitial iron ore.
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Winkler (1949) used the size of crystals in his
discussion on the cooling of a basaltic magma, but
his observati()ns were made on rocks close to the
margin and in this case it is hardly applicable
when differentiation and accumulation of deuteric
solutions have played so important a role.

FABRIC
So far as the present writer is aware the matter

of differentiation has not been approached by a
consideration of fabric. Yet it is significant, since
an understanding of fabric leads to an understand
ing of order of crystallization and this in turn to
an interpretation of the cooling history.

Most of the writers who discuss the quartz doler
ites have mentioned that the marginal and fine
grained varieties have an intergranular fabric
whilst the coarser types are characterized by the
ophitic and intersertal, but there appears to be no
discussion as to the distance from the margin where
this change of fabric takes place, how gradually it
takes place, nor are there any observations on
peculiarities of texture apart from the common
development of phenocrysts.

At its lower contact the Mount Wellington dolerite
is mainly intergranular and intersertal, but an
occasional moulding of pyroxene on plagioclase
suggests the subophitic fabric. Enstatite pheno
crysts occur at this level and reference to fig. 10 a
shows one of these moulded on small laths of fel
spar, thus suggesting that it grew rapidly in situ
at the chilled margin, rather than that it repre
sents an intratelluric crystal. It might be argued,
however, that they were emplaced as embryo
crystals and grew larger in their present position.

At 12 feet above the contact small phenocrysts
of both plagioclase and enstatite occur. The en
statite shows resorption (fig. 10 b) and the fabric
of the rock is partly intergranular, partly subophitic
and markedly intersertal, and porphyritic. Pro
fessor Jaeger* has shown that at 12 feet from the
contact the magma could be expected to take

* Personal communication. With reasonable values of the
thermal properties of the magma the time for complete solidi
fication is about four years if the' magma is intruded at
llOO°C and its range of solidification is llOO-800°C, and
about two years if the magma is intruded at lOOO°C, and the
range is 1000-800°C.

,I tnm.

A B c
FIG. ll.·-Monnt Wellington. X 13.

A. At 335 feet above basal contact. Ophitic dolerite,
intersertal in places. Note (bottom right), ortho
pyroxene partly resorbed and moulded by clinopyroxene,
and (top) large zoned tabular felspar moulding felspar
laths and pyroxene and idiomorphic against felspathic
mesostasis.

B. At 945 feet above basal contact. Coarse ophitic
dolerite highly intersertal. Note granules of iron ore
bordering :pyroxene around interstice, also group of
smaller felspar laths (bottom, right).

C. At 1045 feet above basal contact. Coarse intersertal

dolerite. Note iron ore moulded around felspar (the
two smaller grains in the middle of the large grain are

pyrite) also felspathic mesostasis containing patches of

dark chlorite and long needles of plagioclase some of

which are outgrowths from felspar laths. The pymxene

shows schiller inclusions of iron ore.
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THE VARIATION OF DENSITY AND MAGNETIC
PROPERTIES
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In Jaeger and Joplin (955) the general varia
tion of magnetic susceptibility and intensity of
magnetisation in the sill 5001 were discussed in
detail and were compared with observations of the
density and petrography. These were found to
form a pattern consistent with differentiation in
the sill. This pattern is followed in the additional
sills now examined by Dr. Joplin and may be taken
as the characteristic behaviour of sills of this type.
Only the average values of density and magnetic
properties will be reported here: as remarked in
Jaeger and Joplin (955), the latter, in particular,
show a fine structure which is believed to be signi
ficant, but this will not be discussed.

The Density

In figure A (a) the variation of density in Mt.
Wellington is shown. Each value is the average of
all samples in a 50 foot interval; 20 or more samples
have been taken in each of the lower intervals,
but only two or three in each of the upper ones,
so that the values given for the upper part of the
sill may differ considerably from the true mean
value which may be regarded as following the
dotted curve. The density is seen to increase slowly
to a maximum at about 300 feet from the lower
contact, followed by a rapid decrease around 400
feet-this is the point at which the rapid falling off
in the volume percentage of pyroxene appears in
fig. 5.

The behaviour of the density in 5001, taken
from Jaeger and Joplin (955), is shown in fig.
A (b) and is seen to be very similar to that of Mt.
Wellington. Combining the two, it may be sug
gested that the typical variation of density in a
thick sill of magma of this type consists of a rapid
fall in density setting in 50 or 100 feet below the
upper margin, the density having its minimum
value some hundreds of feet below; there is then
a rise to a maximum some hundreds of feet
above the lower contact, with a subsequent slight
decrease towards the lower contact. The behaviour
of the other three incomplete cores examined fits
into this pattern. In 5002, the density increases
from 2'90 near the lower contact to 2'93 over the
remaining 120 feet (this relatively uniform density
would also be shown if the sill were a thin one).
The sill 3002 has an average density of 2·90 with
little fluctuation in the first 100 feet below the
upper contact; below this there is a considerable
fall in density as well as great fluctuations in it,
values between 2'67 and 2·30 having been measured.
The sill 3002 shows similar behaviour, in this case
the density is relatively constant at 2'90 for only
20 feet from the upper contact after which a rapid
fall takes place, values between 2'62 and 2·31 hav
ing been measured.

The behaviour of the Palisade sill (George Wash
ington Bridge and Edgewater sections), fig. A (c),
is very different, the change being attributable to
the olivine layer and to the presence of olivine
near the upper margin. In the regions in which
olivine is not present, the curve of fig. A (c) is
not very different to flgs. A (a) and A (b); this
lends some support to the suggestion of Jaeger and
Joplin (956) that the olivine ledge is formed by a
fall-out of intra-telluric olivine crystals, sub
sequent differentiation having followed very much
the pattern of the sills described in this paper.

Magnetic Properties

Susceptibilities have been measured by the method
described in Jaeger and Joplin (955). The re
versible susceptibility of a number of samples from
Mt. Wellington has also been measured accurately
by Mr. D. W. Smellie in an apparatus similar to
that of Bruckshaw and Robertson* (943), using a
peak field of 0·25 oersted at 50 cycles. Values
obtained in this way are consistently about 10 per
cent higher than those measured by the simple
apparatus described in Jaeger and Joplin (1955)
which is thus shown to be completely adequate for
comparative work of the present type.

Values of the average susceptibility of samples
taken in 50 feet regions from Mt. Wellington are
shown in fig. B (a), and those for 5001 in fig.
B (b) for comparison. Mt. Wellington shows a
rapid fall from the marginal values to a very
low value 200 feet above the lower contact, fol
lowed by a steady rise. Comparison with fig.
B (b) suggests that this minimum may be below the
lowest level measured in 5001; also, it may be ex
pected that, as the upper contact of Mt. Welling
ton is approached, the susceptibility would fall
towards a marginal value. Of the two upper con
tacts measured, 3001 shows relatively constant
values for 100 feet from the margin, followed by
an increase, while 3002 shows constant values for
40 feet followed by an increase: both these results
show variations consistent with those of the density
and petrography. 5002, however, is to some extent
anomalous, values in the regions 20-80 feet being
lower than the value at the contact.

* Bruekshaw, J. MeG.. and Robertson, E. 1., J. Sci. lnst.,
Vol. 25, p. 444.




