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SUMMARY

The petrography of the Mareeba Granite and its
associated dykes is described along with that of several
specimens collected from the Nychum Volcanics, Almaden
Granodiorite, Elizabeth Creek Granite, and some other minor
intrusive rocks. Chemical analyses of some specimens from
the intrusive and extrusive rocks are presented and discussed.
Some general conclusions on the petrogenesis of the igneous
rocks in the Mossman 1:250,000 Sheet area are made; these
are summarized:=-

g i The Marecba Granite forms a series of epi-mesozoncal
batholiths and stocks that were probably emplaced along ring
fractures and by pushing aside its country rocks. The
batholiths are simple intrusions, and the magma was mostly
liquid at the time of intrusion.

¢ = * Evidence is presented in an attempt to show that

the Nychum Volcanics and the Almaden Granodiorite, which are
closely associated in the field, are both the result of hybrid-
ization of basalt and the Herbert River Granite magmas.

3. Two xenolith-rich dykes near Mount Mulligan are
probably related to the Herbert River Granite. The xenoliths
enclosed in the dykes are believed to show evidence of fusion
and renewed crystallization, and to have originated at depth.

GENERAL INTRODUCTION

The first report (Morgan, 1961) on the igneous rocks
of the Mossman 1:250,000 Sheet area dealt with the field
characteristics of the Carboniferous and Permo-Triassic igneous
rocks, and included the petrography of the Nychum and Feather-
bed Volcanics, the Almaden Granodiorite, and the Elizabeth
Creek and Cannibal Creek Granites; the petrography of some
specimens of the Mareeba Granite, described by R.M. Tucker.
(G.S.Q.), was also included,

The present report summarizes the petrography of the
Mareeba Granite and its associated dykes, and of additional
specimens collected from the Nychum Volcanics, Almaden Gran-
odiorite, the Elizabeth Creek Granite, Chemical analyses of
some specimens are presented, Some general conclusions on the
petrogenesis of the igneous rocks in this area are also included.

The specimens with numbers in the R. series were
collected during the 1960 field scason as part of the general
survey of the Mossman area. Those numbered E55/1/1, ete.,
are specimens collected during the 1961 season as part of the
age-determination programme,

) The field characters of the rocks concerned were
described in fair detail in the earlier report (Morgan, op.cit.),
and so will be only briefly referred to here.
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THE MAREEBA GRANITE,
ITS ASSOCIATED INTRUSIVES AND HORNFELS

Introduction

This chapter deals with the petrography of the Mareeba
granite and its marginal varieties, and of the stocks and dyke
rocks associated with it. Specimens of a granite from the
Thornton Peak area are also described, and, in addition,
chemical analyses and norms of some of the rocks are presented,
The chapter concludes with a summary of the characteristics of
the intrusions, and of the problems associated with them.

The method of presenting the petrographic data is to
write summary petrographic descriptions of suites of specimens;
in Tables II to Vil details such as grain-sizes, mineral per-
centages, plagioclase compositions, accessory minerals, and rock
names are presented, The mineral percentages in Table III are
the results of micrometric analyses of thin sections in which
the potash feldspar was stained by sodium cobaltinitrite; the
mineral percentages presented in Tables II and IV to VII were
assessed by visual estimation only.

Table I gives the aerial photograph and geographical
locations for all the specimens described in this chapter.

Summary of Field Characters

A more detailed account of the field occurrcnce of the
Mareeba Granite and its associates can be found in the earlier
report (Morgan, op.cit.,), However, a very brief resume is
given here,.

In the eastern part of the Mossman 1:250,000 Sheet
area, a number of batholiths and associated stocks and dykes
extend: from the southern to the northern boundary. The
granite appears to be a petrographically uniform two-mica,
coarse-grained, porphyritic rock; although some chilled margins
and stocks consist of fine~grained porphyritic and aphyric rocks.
However, chilled margins were not observed in all places
visited. Acid porphyry dykes intrude the granites at Baker's
Blue Mountain and Lighthouse Mountain, the stanniferous veins
at Mt Holmes (Ball, 1912), and the country rock of the granite
in the McLeod River - Spencer Creek area,

- The batholith that crops out in the area between
Bailey's Creek and China Camp appears to consist mostly of rock
similar to the Mareeba Granite, although F, de Keyser noted that
Thornton.Peak, north-west of Bailey's Creek, is formed of a
rather different type of granite: no boundaries between the
two types were observed,

Petrography

1. The Granite. Here are described the coarse-grained rocks
that were collected from the batholiths. The chilled marginal
varieties and specimens from the stocks will be described in the
following section,

The term 'granite' used in the heading and in the
formational name is a loose 'rock-name'. In fact the specimens
range from granite to granodiorite, Apart from the differences
in ratios of potash feldspar to plagioclase in different speci-
~mens, the rocks are fairly uniform and coarse-grained. In fresh

handspecimens the granites are very pale blue-grey, and are
commonly speckled with biotite. They are coarse and fairly
even-grained, and are commonly porphyritic, the feldspar
phenocrysts ranging up to an inch in length.

#
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TABLE 1

int
"

Localities of Specimens of the Mareeba Granite

1124
1671
1672
1675
1703
1718
2189
2189
2190
2192
2193
2193
2195
2201

1673
1674
1675
1676
1679;

1679

1679)
1695
1695
1697
1700

1701%
1701
1725
2141

1105
1107

1135
1120

1679
202

164
1127

Geographical Location

Spencer Ck - McLeod R. area
Baker's ‘Blue Mountain
Lighthouse Mountain
1 mile N.N.E. of R.10299
Spencer Crk - McLeod R. area
n n n ] n

North of Baker's Blue Mtn

4] L] " " "

1] 1] 1] 1] 1]

" " 1] 1] "

n 1 " n "

" " " 1 n

" " " 4] n

L] n ] " "

Thornton Peak
" "

n "

Sweet William Mine

Pom Pom Mine

Wolfram battery Mt Alto
1 mile N.N.E. of R.10299

1 mile west of 'Brooklyn'" H.S.

Vicinity Vera mine;Mt Carbine
n i 1" 1" n

2 miles E.N.E. of Mt Carbine

1 mile E of Mulligan H'way/

McLeod R. Crossing

3 miles N.E. of Mulligan

H'way/McLeod River crossing

5 miles N.N.W. of R.10309

Dessailly Range

Hamn Tableland

West of 'Maitland Downs'H.S.
'Southedge' H.S.Harm T'land
Vicinity of Kelly's H.S.

1 mile west of 'Brooklyn' H.S.
Spencer Ck-McLeod area
8 miles W of 'Curraghmore'H.S.

Spencer Ck, Windsor Tableland
George Ck-Mareeba/Dimbula road
crossing, near Mareeba
'Southedge' H.S. Hann T'land

Mt Lewis Forestry Road
Lighthouse Mountain 'Font
Hills' road

1 mile E of Mulligan i'way/
MeLeod R. crossing

Mt Spurgen track

Mt Elephant

8 miles W of 'Curraghmore'H.S.
Vieinity of Kelly's H.S.

4 miles S.E. 'Maitland Downs'
H.S.

Roaring Meg Falls near

China Camp

10 miles from Mossman; on road
to Cairns
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VI
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v
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VII
VII
VII
VII
VII
VII
Vix
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IIT
IIT
ITI
TIX
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III
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III
TLE
III
ILL

IIT
IT

II
II

5
II

TLT

II

II

IT
EE

IIT
iI
11T
IIT
III
II

II

II



Grain Sigas

_No. Phon g'mass

E55/1/5 25 mm 2.0 mm.
BES55/1/6 40" 2.5 "
E55/1/1 8.5" 3.0 "
Es5/1/8 15" 2.0 "
E5S/1/14 8 " 1.5 "
E55/1/1520 " 4.0 "
E55/2/1 6 " 3.Cc "
R.14194 o" 4.0"
R.14201 = " 3,5 "
Re14202 10" 3.5 "
R.14204 15" 5.0 "
R.14200 =" 3.5 ™"
R.10794 s 4 5 "

TABLE II

Grain 3izes, estimated mineral percentages and names of coarse—grained specimens of Mareeba Granite

%

Phen

o X5

30

20

35

13

-

Q3
30
20
40

25

305
30
30

40
65
30
40

40
70

K.feldspar Plagioclase Biotite Musc.

40 *
45 *
25 *
30 *
25,2 *
40 *
10
35

. 10
20 =
5 %
10

Estimated Mineral Percentages

An20,20
An25,25

An30,20
*
An10,40

an10,32.7
10,25
10,45

AmA40, 20
15,25
Am30,10
Am15,45

20,40
20

5

_ 10

2-3

Tr.

5

5
Tr.

8.8
Tr.

Tr.

Accessory

Tr.
Tr.

Tr.

Tr.

0.5
Tr.
Tr.

Tr.
Tr.
Tr.
Tr.

Tr.
Tr.

Accessory Minerals
Zircon, sphene

Blackjiron ore,apatite,
zircon, orthite.

Tourmaline,zircon,garnet,
Apatite.

Black iron ore,apatite,
zircon.

Apatite, garnet.

. Tourmaline,apatite,zircon.

Tourmaline,apatite,sphere,
leucoxene.

Apatite,epidote,zircon.
Garnet, zircon.
Apatite, zircon.

Apatite, zircon.

Black iron, garnet.

Zircon, apatite.

Name
Muscovite-biotite granite
Biotite adamellite

‘Biotite-mascovite

adamellite
Biotite adamellite

Biotite-muscovite adamellite
Biotite adamellite

Biotite-muscovite
adamellito

Biotite adamellite
Biotite granodiorite
Muscovite~biotite granite

Muscovite-biotite
granodiorite.

Biotite granodiorite
Biotite granodiorite

* Present as phenocryste as well as in the groundmass. Phen: Phenocryst; G'magas groundmass; Qz: quartz; Musc.: muscovitej Tr.: trace.

All mineral percentages were estimated visually except in E55/1/14 for which/micrometric modal analysis was made.

It was intended to

make modal zanalyses of all specimens from stained rock slabs; this could not be done because of pressure of work in the thin section
laboratory.
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In thip section the texture is hypidiomorphic, and
is commonly granular, Some specimens show granulation and
recrystallization, especially of quartz., In E55/2/1 granu-
lation and straining are fairly severe, the plagioclase twin
lamellae showing bending and micro-gracturing. However,
gsevere straining is not common in the other specimens examined.

The essential minerals in all the rocks are quartz,
microcline, and plagioclase. Biotite and muscovite are seen
together in most specimens, but, as may be seen from Table II,
muscovite is absent from E55/1/9 and R.10794.

Quartz forms anhedral, commonly glomerogranular,
interstitial to poikilitic grains that show some cracking and
straining, In certain specimens - e.g. E55/1/5, E55/1/6, and
E55/2/1 -~ grenulation and recrystallization tend to mask its
interstitial disposition. ;

The potash feldspar is microcline~perthite, although
in some sections the multiple twinning is difficult to seec.
The mineral forms large phenocrysts, and is also present in
the groundmass as anhedral poikilitic grains. The phenocrysts
are roughly tabular, although their margins commonly merge with
the poikilitic groundmass perthite; they generally enclose small
euhedral crystals of biotite, slightly corroded plagioclase,
and grains of quartz. Both groundmass and phenocrystic mic-
rocline contain perthitic exsolution lamellae and replacement
patches. The potash feldspar is usually only slightly altered
to kaolin, although in R.14201 the alteration is moderately
strong.

Plagioclase occurs as roughly tabular crystals,whose
composition ranges from about An1o to An40 in this group of

rocks (Table II); where plagioclase occurs next to microcline-
perthite, their edges are serrated as though corrosion has

taken place, and a2 thin shell of albite has formed, Zoning is
common, and is, of course, much stronger in crystals with higher
percentages of anorthite, Oscillatory zoning was noted in
R.14194, In all sections, slight alteration to sericite has
taken place; some crystals in, for example, E55/1/5 are strongly

gericitized.

Biotite forms subhedral, rather ragged flakes that are
pleochroic from pale fawn to fox-=brown. The flakes commonly
show slight to moderate strain-effects, and, in all the slides
examined, some alteration to chlorite has taken place. In two
slides, E55/1/7 and E55/2/1, biotite has been partly replaced
by golden-brown tourmaline zFig. i),

Muscovite is present only in minor quantities in some
specimens, and 1is intergrown with biotite, or forms small,
ragged flakes. In specimens where it is more common, it
occurs as larger subhedral and somewhat distorted flakes.

Accessory minerals observed were tourmaline, garnet,
zircon, apatite, sphene, black iron ore, epidote, (?)orthite,
and leucoxene, Tourmaline is usually pleochroic in pale golden
brown, but in some slides it is zoned to pale blue at its mar-
gins, It quite commonly forms prismatic crystals, but in places
has every appearance of being poikiloblastic, especially where
it was observed to be partly replacing biotite. Garnet is
colourless or very pale pink, and forms anhedral grains that
appear to have been corroded, It is not certain whether or
not they are xenocrysts, or early-formed crystals that have
later reacted with the granitic magma. Zircon is euhedral and
prismatic, and in some specimens contains numerous, minute,



o e
[ 2
—

NO§



,

opaque inclusions. Apatite is prismatic, and sphene, which
occurs fairly rarely, 1s associated with bilotite. lack iron
ore and leucoxene are also associated with biotite, Epidote
is uncommon, and a single grain of (?) orthite was observed

in E55/1/6.

2. The Stocks and Marginal Varieties. The petrographical
characteristics of the rocks described in this section are
summarized in Table III. The field relationships of specimens
R.14178 to R.14181, R.14183 to R.14186, and R.14188 are de-
scribed in an earlier report (Morgan, op;cit.% on E£.4 and 5.
The field relationships of R.14189 (E55/1/8) to R.14192 may be
found on pp. 3 and 4 of the same report. Specimens E55/1/10
and E55/1/12 are from finer-grained marginal granite from the
intrusion that crops out east of the Mulligan Highway between
'"Maitland Downs'! and Kelly's Homesteads.

The following generalized description applies to all
the specimens except R.10297 (a leucocratic diorite), which
will be described later., Most of the specimens are porphyritic,
hypidiomorphic, and granular, and show very little evidence of
strain, except for four specimens - R.14190, R,14191, E55/1/10,
and E55/1/12 = which have stained quartz and plagioclase
phenocrysts and distorted micas; - in these specimens the
groundmass is xenomorphic - granular.

The minerals occurring as phenocrysts are indicated
in Table III. Quartz phenocrysts are generally subhedral to
anhedral, and commonly show evidence of resorption. ©Potash
feldspar, plagioclase, and biotite phenocrysts are tabular;
biotite tends to be strained.

In the groundmass quartz and potash feldspar are
commonly interstitial to poikilitic: in the four strained
specimens mentioned above they are granular, and in R.14186,
there is, in places, a granophyric intergrowth between the two
minerals. Plagioclase is normally tabular, and the micas form
rather ragged flakes.

The specimens R.14186, R,14190 to
R.14192, E55/198, and E5531311, is perthite. In the others it
is microcline-perthite; in R.14180 e alteration of the feld-
spar is strong enough to prevent observation of cross-hatch
twinning, if it is present. Perthitic exsolution lamellae are
common, and in some slides replacement patch perthite may be
seen. In R.14186 replacement of potash feldspar by albite is
particularly strong in areas where granophyric intergrowths
are present, Alteration of potash feldspar to kaolin is
normally slight to moderate.

Plagioclase compositions range from albite in some
specimens to Ang, in others (sec Table III). The plagioclase
with the higher gnorthite content have the strongest zoning,
and some have oscillatory zoning. Plagioclase is slightly
to moderately altered to sericite; in one or two specimens,
slight saussuritization has taken place.

Biotite is commonly partly altered to green chlorite;
in R.14180 it has been completely chloritized, and the psemnd-
omorphs are surrounded by a thin rim of fine muscovite flakes.
In R.14186, biotite is pseudomorphed by pale brown smectite,

Muscovite is, in places, intergrown with biotite,
but is most commonly found as discrete flakes, In R.14186
large, anhedral muscovite flakes are coarsely intergrown with
quartz, in a manner suggesting the greisenization of a pre-
existing feldspar phenocryst; however, no remnants of pheno-
crystic feldspar remain in the section examined, In R.14185
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TLBLE TII. GRAIN SIZES MOD.L ANALYSES, AND NAMES OF FINER GRAINED VARIETIES OF THE MiREEBL GRANITE.

No. Grain Size % Minecralogy ' %
Phen. G'mass. Phen. Qz. Kf. Plagioclase ~Bi  Musc. Lccessory., _ ficcessory Mineral Other. Name
R14179 - 0.8 - 3045 38.7 19.5 10.5 - 0.8 Tourmaline,zircon apatitec. - Porphyritic biotite
, ) ‘ microgranite.
R.14180 3.0 0,01 26 10.0x 0s2x fLnge. 13.1x 1.9 0.9 Tr Sphene, apatite 73.9 Porphyritic muscovite-
: ; . G'mass. " biotite,.nicrogranodiorite,
R.14181 8.0 0.2 16 35.6x  11.1x hngg. 40.2x - 12.9 0.1 Tourmaline,garnet - Porphyritic muscovite,
microgranodiorite.
R.14183. 042 i :
" 4/5. 0.6 fo Rare 21,8 50.8 Anqp. 13.6 - 12.5 143 Tourmaline,apatite - Muscovite microgranite.
R.14212 046 = ' garnet.
R.14186 - 1.0 - 3664 1541 Lng.  37.4 0.6 1045 Tre - - Partly greisenized alkali
: microgranite.
R.14188 3.0 0.3 5 35x. 19.3 hnys. 34.6x 10 1 0.1 Apatite, zircon,black - Porphyritic partly chlorit-
“ iron ore. ized muscovite-biotite
" micro adamellite,
R.14190 045 . ; . .
5 43 . 37.2x 28.9x hngg. 27.5x  6.3x Tr. Tr, Garnet, zircon. - Porphyritic partly chlorit-
Re14191 0.15 g
ized biotite micro-
adamellite,
Re14192 5 0.5 52 42.0x  13.3x  On3g. 3241 T1.4x 0.3 0.9 hLpatite, black iron ore, - -Porphyritic partly chlorit-
- ) zircon, goisite. ; ized biotite micro-
- granodiorite.
E55/1/8 _ 0udx oy
12 05 43 32.3x  32:2x Angp. 28.0x  6udx 0.2 045 Garnet, zircon,apatite. . Porphyritic hypersthene-
Re14189 5 (Hyper i
biotite micro-adamellite,
: sthene
E55/1/10 3 0.3 i 38.2x 20,5 fin1g  27+3x  9.2x 4.3 0.6 Black iron ore,zircon - Porphyritic muscovite—
apatite,sphene. biotite micro-adamellite.
E55/1/11 2.5 1.3 1 3549 6.9  Ansy 38.5x 1841 0.3 0.3  Black iron ore,apatite - Partly chloritized muscovite-
R.10653 7 31.0 14 " 474 1841 - 045 zircon., 1.6 biotite microgranodiorite.
(Hornblende) Partly chloritized hornblende-
biotite-trondhjemite.
E55/1/12 4 05 17 3441 23.4x  Anpge 33.1 1¢2 7.8 0.4 Garnet,apatite,zircon, - Porphyritic biot1te—musca~

x Present as phenocrysts as well as in the groundmass. PhenJPhenoéEyats; G'mags.Groundmass; Qz.Quartz: Musc.Muscovite. ¥ite a@amellite.-f -
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muscovite is associated with poikiloblastic tourmaline, and
is itself poikilcblastic. With tourmaline it forms replace-
ment veins and fills cavities in the rock; the veins form a
coarsely spaced meshwork of fairly straight lines cutting

one another at acute angles.

Hypersthene occurs as phenocrysts in two specimens -
R.14189 an 55/1/8. It forms colourless, prismatic crystals
with embayed margins, and small flakes of. biotite form a narrow
reaction rim around. the crystal boundaries.,

Pale green actinolitiec hornblende forms sparse
clusters of small crystals in R.10653. Each cluster is partly
or wholly surrounded by a rim of chlorite. This specimen comes
from near the margin of the stock that crops out 8 miles west
of 'Curraghmore' homestead. Another specimen, E55/1/11,
collected from near the centre of the stock, contains no
amphibole., It is, therefore, possible that the amphibole in
R.10653 is xenolithic material,

The accessory minerals observed were apatite, zircon,
tourmaline, garnet, sphene, and black iron ore. Apatite and
zircon form small prismatic crystals. Tourmaline is pale
golden brown but is, in some slides, zoned outwards to pale blue.
Tourmaline is maybe prismatic, but commonly has a poikiloblastic
habit, and in two specimens (R.14183 and R.14185) appears to be
replacing potash feldspar. In R.14183 the mineral forms small
vein-like segregations. Garnet forms anhedral, embayed grains,
and is colourless to very pale pink. Black iron ore is anhedral
to octahedral, and is commonly associated with bilotite. Sphene
and epidote are granular.

The leucocratic diorite, R.14178, is a marginal
variation of the granite, and was collected from the Sweet
William copper mine, 5 miles west of Mt Molloy. The rock is
hypidiomorphic granular, with an average grain-size of 1 mm.,
and contains rare phenocrysts of feldspar measuring up to 5 mm.
The rock consists mostly of tabular crystals of plagioclase
(An30)' some of which have strained and bent twin lamellae,

The crystals are marginally recrystallized, and are moderately
to strongly kaolinized. The plagioclase phenocrysts have a
chequered twinning similar to that of chess~board albite.
Chlorite forms masses of fine interstitial flakes and has small
amounts of smectite associated with it. Opaque dusty material
is intergranular. Accessory apatite and sphene were noted.

3. Thornton Peak Area. In a traverse to Thornton Peak, 22

miles north of Mossman, F. de Keyser collected three samples of
granite that are rather different from the usual Mareeba Granite
types. R.14175 is a pale, pinkish-cream, aphyric, coarse - to
medium-grained granite; R.14176 and R.14177 are pale cream, fine
to medium~grained, and sparsely porphyritic microgranitic rocks.

In the thin section, R.14175 is hypidiomorphic and

very inequigranular, the grain-sizes ranging from 1.5 mm. to
6 mm., Quartz (30%5 is interstitial to poikilitic and is moder-
ately to strongly strained. Microcline-perthite (55%) is
tabular, but poikilitically encloses plagioclase. It has per-
thitic exsolution lamellae and replacement patches of plagioclase.
Microcline is slightly to moderately altered to kaolin,
Plagioclase (10%) crystals are tabular and very 1lightly seric-

ized, and their composition falls within the oligoclase range.
The ferromagnesian minerals (5%) have been pseudomorphed by
smectite, chlorite, quartz, epidote, and black iron ore. From
crystal shapes the pseudomorphed minerals appear to have been
biotite and amphibole. Accessory minerals are zircon, epidote,
orthite, and sphene.
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Fig. ii: OSpecimen R.14176 from the Thornton Peak aren,
The two adjacent crystals of potash feldspar
(medium-grey, centre and right-centre of the
photograph) are partly surrounded by & very thin
and discontinuous zone of quartz (white). Each
of the crystals is entirely enclosed by thick
zones of potash feldspar that are not in optical
continuity with each other, or with the enclosed
potash feldspar crystals. Crossed nicols. X 25,
B.M.R. Negative No.4994.
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Specimens R.14176 and R.14177 are rather finer grained
than R.14175, R.14176 is inequigranular, the grain-sizes
ranging from 1 mm. to 4 mm.,; R.14177 is more even-grained, and
has an average grain-size of 1 mm. In both rocks the texture
is mostly granophyric. In R.14177 some shearing has taken
place in thin, linear zones; here quartz shows strong to moder-
ate straining, and plagioclase is micro-fractured. The micro-
fractures in the plagioclase show some evidence of having been
partly healed by subsequent heating.

uartz (45%) occurs both as granophyric intergrowths
and as separate grains, and forms rare phenocrysts only slightly
larger than the groundmass in R.14176. Microcline-perthite
(50;) is partly tabular and partly in granophyric intergrowth
with quartz - in some places, tabular areas consist of grano-
phyrically intergrown potash feldspar and quartz. Some of the
microcline is replaced by albite. Figure ii shows part of
R,14176 in which two adjacent potash feldspar grains are surr-
ounded by an inner thin discontinuous zone of quartz, and an
outer, thicker zone of potash feldspar. ©Plagioclase (20%)
has a composition of about Anlo, and forms sub-tabular crystals,

some of which contain intergrown quartz. The ferro-magnesian
mineral (?biotite) forms about 5% of the rock, and has been
mostly replaced by smectite, chlorite, and epidote. These
minerals form tenuous, intergranular clusters of flakes and
grains, Accessory minerals noted are apatite, gzircon, sphene,
and orthite.

4. Dykes Associated with the Mareeba Granite. The dykes will
be dealt with as Iour groups. Their mineralogy and rock names
are summarized in Tables IV to VII. :

(a) Aplite. The specimen, a granite aplite,was taken
from a 2-foot vertical dyke in a creek bed about half a mile
west of the Vera mine. The &yke has a northerly strike, and
intrudes the Mareeba Granite.

In thin section the rock is sparsely porphyritic, and
has a fine-grained, xenomorphic-granular groundmass. There is
a fine intergrowth of the constituent minerals on the grain
boundaries. The rock (R.14187, Table IV) consists of inter-
stitial to poikilitic, slightly strained guartz, sub-tabular
microcline, and tabular to anhedral plagioclase. The rare
phenoecrysts are of microcline. Microcline is slightly kaolinized
and plagioclase shows slight sericitization and kaolinization.
Rare flakes of biotite and muscovite were noted, and the
accessory minerals are agpatite, black iron ore, epidote and sphene.

(b) Dykes from the Spencer Creek-McLeod River Area.
These consist of micro-granite, micro-adamellite and micro-
granodiorite, and information relevant to them can be found in
Table V. R.14155 was collected from Spencer Creek, close to
the batholith forming the Windsor Tableland; R.14161 and R.14162
were collected from close to the margin of the batholith forming
Mt Spurgeon - the first specimen from Mt Spurgeon track, and
the second from the McLeod River. All the dykes are intruded
into sediments of the Hodgkinson Formation, and their trend is
north to north-north-westerly, parallel to the strike of the
sediments. : -

All the specimens are porphyritic, and the phenocrysts
tend to be clustered. In each specimen the phenocrysts are
enclosed in a fine-grained, xenomorphic-granular groundmass that
is, in places, finely granophyric.

Quartz phenocrysts are rounded and embayed, and show
slight to moderate zoning and some cracking. In the groundmass
quartz is granular in R.14155, and in the other specimens it is
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TABLE IV: ESTIMATED MINERAL PERCENT4GES ETC,,OF APLITE FROM THE MLREEBL GRALNITE, NEAR THE VERL MINE, MOUNT CARBINE.

No, G es. % Estimated Mineral Percentages.
Phen., G'mass.  Phen. Qz. Kf, FPlag. Bi. Musc.  Amph, liccegssory. Name
R.14187 6 0.5 Rare 40 L5k Ang_1@.15 Tr. Tr. - Black rion ore,apatite, Granite aplite,
epidote, sphene.
TLBLE V: ESTIMALTED MINERLL PERCENTAGES ETC., OF DYKE ROCKS FROM THE SPENCER CREEK - McLEOD RIVER LREi.
Re14155 L 0.3 35 35 15 Lnqg-p0+40. 10 Tr - Lpatite, zircon, black Chloritized porphyritic biotite
; iron ore. granodiorite.
R.14161 2 042 30 30xk 40k  Lnp_10. 25% - 5 - Lpatite, cpidote, Porphyritic muscovite alkali
lcucoxene. micro-granite.
R.14162 2.7 0.02 25 30% 354 Angs. 25 Tr. 104z - . Garnet, zircon, black Porphyritic muscovite micro-
iron ore. adamellite.
Re14134 0.4 0.15 Rare 10 40  kng_10- 35 - - 5 Zircon, apatite,black Chloritized and sausseritized

——

iron ore.

porphyritic hornblende alkali
micro-granite.

Abbreviations for Tahlcs_IV and V:

Plag. Plagioclasc;

&t Present as phenocrysts.

No. Number; Phen. Phenocryst; G'mass. Groundmass; Qz. Quartz: Kf. potash feldspar;
Tr. Trace;
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poikilitic to granophyric. Potash feldspar phenocrysts are
tabular, and show some alteration to kaolin. In R.14161, most
of the potash feldspar is perthitic, but some has a fine cross-
hatch twinning suggesting anorthoclase. In R.14162, the potash
feldspar phenocrysts have a small 2Vx, suggesting that they are
sanidine. Groundmass potash feldspar is interstitial to
poikilitic, and forms granophyric intergrowths with quartz.
Plagioclase forms tabular phenocrysts that are somewhat seric-
itized and, in R.14162, kaolinized. In R.14161 and R.14162,
the multiple twinning is strained and micro-fractured. In the
groundmass plagioclase is granular to tabular. In R.14156,
biotite occurs as somewhat distorted and moderately chloritised
phenocrysts that are pleochroic from pale to dark brown; it forms
subhedral to interstitial flakes in the groundmass of this
specimen and that of R.14162. Muscovite forms moderately dis-
torted phenocrysts in R.14162, and occurs in the groundmass of
this specimen and that of R.14161. Accessory minerals are
zircon, apatite, black iron ore, leucoxene, and_garnet. The
garnet gives the appearance of being corroded.

(¢) Dykes Intruded into Granite (Table VI). R.14157
Emicro—adamellité) occurs at Baker's Blue Mountain, R.14158
micro-tonalite) at Iighthouse Mountain, and R.14159 (micro-
granodiorite) at Mt Alto.

All three specimens are porphyritic, their phenocrysts
being enclosed in a fine-grained xenomorphic to hypidiomorphic
granular groundmass. In R.14157 the groundmass is granophyric
in places.

Quartz phenocrysts are rounded and somewhat embayed,
and in the groundmass the mineral is interstitial to poikilitic
in R.14158, and granular in the others, Potash feldspar forms
tabular phenocrysts, is sub-poikilitic in the groundmass of
R.14157 and R.14159, and granular in R.14158. In R.14158,
potash feldspar forms antiperthitic structures in plagioclase
phenocrysts: the antiperthite veins continue across adjacent
plagioclase phenocrysts in one place. Phenocrystic and ground-
mass plagioclase in all three specimens is tabular, and is
strongly sericitized in R.14158, but only slightly so in the
other two specimens. Biotite formed phenocrysts and was present
in the groundmass in R.14157 and R.14159; it has now been re-
placed by pale green chlorite intergrown with small amounts of
leucoxene and sericite. The phenocrystic and groundmass ferro-—
magnesian minerals in R.14158 are hornblende and augite. The
hornblende occurs as subhedral to anhedral corroded grains, both
as phenocrysts and in the groundmass. Hornblende phenocrysts
are pleochroic with X= colourless, or pale pink, and Y= Z=
pinkish brown, but the crystals are zoned to grcen on their
margins; groundmass hornblende is also green., Hornblende is
partly altered to chlorite, especially in the groundmass. Augite,
as phenocrysts and in the groundmass, is colourless; some
crystals have terminations of green hornblende. Muscovite
forms small flakes in the groundmasses of R.14157 and R.14159.
Accessory minerals noted were apatite, zircon, black iron ore,
carbonate, and orthite. Small amounts of smectite were noted
in the groundmass of R.14159.

(d) Dykes in the Area Between Baker's Bluec Mountain
and Mount Alto. The dykes in this area were observed by
B.J. Amos to be intruded into the Hodgkinson Formation sediments,
parallel to the cleavage. Ball (1912) noticed that similarly-
trending dykes intrude granite and ore veins at Mt Holmes,
about four miles south-south-east of Mt Alto. The dykes are
referred to in Table VII; they consist of micro-granodiorite,
micro-granite, micro-tonalite, and micro-adamellite.
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TABLE VIr. MODAL ANALYSES ETC., OF DYKES INTRUDED INTC MAREEBA GRANITE AT LIGHTHOUSE MOUNTAIN AKD BAKER'S BLUE MOUNTAIN .
Noe Grain sizes - % . . Estimated Mineral Percentages
in mm. _Phen. QL_K_M__ocl e Bl _Musc, Smph. Px  Jjccessory Mineral Name
Phen. G'mass.
R 14157 3.5 0.03 25. 35% 0%  An0, 35% 10 Tr - -  lApatite,zircon, Chloritized porphyritic biotite .
~ orthite alkali micro-granite.
R.14158 2 0.15 5 25 Tr Anmg. 55 - - 101 51t Black iron ore Porphyritic augite-hornblende
carbonate micro-tonalite
R.14159 2 0.2 15 302 20& Ar35, 45 5%k 5 - - Zircon,apatite. Chloritized and carbonated porphyritic
muscovite-biotite micro-granodiorite.
T4ABLE VII: MODAL ANALYSES ETC.) OF DYKES FROM THE AREL NORTH OF BAKER'S BLUE MOUNTLIN.
R;1A167 2 0.2 10 . 304k 40k 4n0-10,20& 10k Tr - - Lpadite Chloritized porphyritic biotite
microgranite.
R.14168 - 0.6 - 45 10 ingo 40 Tr. - 5 - 6arbonate,black iron Chloritized hornblende micro-
ore,epidote,apatite granodiorite.
sphene. '
R.14169 3 0.2 20 15 Ir Lngs T75& 5 - 5% - hpatite, sphene. Partly chloritized porphyritic
biotite~hornblende micro-tonalite,
Ry14170 3 0.1 15 351 15 bnss 454 3 - 2 - hpatite,zircon, tour- Chloritized porphyritic hornblende
maline,black iron ore. -biotite microgranodiorite.
Re14171 1.5 0.02 35 20 Tr Loy, 70k 3 - T Tri hpatite,black iron Porphyritic bintite-hornblende
; ore, sphene. miecro-tonalite.
R.14172 3 0,056 25 301k 30& &nyg 354 S5k Tr. - - Lpatite, zircon, black Partly chloritized porphyritic
ore,epidote. biotite micro-adamellite.
R.14173 10 0.C2 20 201 40k Ans 358 Trik - 5%k Tri Zircon,apatite, tour- Chloritized porphyritic hornblende
maline,black iron ore alkali micro-granite,
: sphene
R14174 2s 0.1 20 301 15% Lnyg 50 - - Bs Tr. lLpatite, sphene, black Chloritized mand carbonated porphyr-
iron ore. itic hornblende micro-granodiorite.

Lbbreviations for Tables: No. Number;

Phen. Phenocrysts; G'mass., Groundmass;
Musc. muscovite; Amph. Amphibol® ; Px. Pyroxen¢; Tr. Trace;

»

Qz. Quartz; Kf. potash-feldspar; Bi. Biotite;
&t Pregent as phenocrysts.
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A1l the dykes =xcept one (R.14168) are porp@yritic.
The aphyric specimen is hypidiomorphic and fairly equigranular.
The groundmass of R.14167 is granophyric, and the plagloclase
gives the impression of having been partly replaced by the gran-
ophyre. The groundmass of R.14173 is felsitic. ) ;n_R:14171
the groundmass is mostly silicified: the few unsilicified parts
of the specimen are hyidiomorphic-granular; in the silicified
areas, equidimensional grains of quartz about 0.2 mm. across
enclose small crystals of plagioclase, biotite, chlori?e, and
apatite. The groundmass in the other four specimens is
hypidiomorphic-granular,

Quartz, plagioclase, and potash feldspar have'similar
textural habits and crystal shapes to those in the specimens
described in (b) and (c) above. In R.14167 the minerals in
granophyric intergrowth are quartz and potash feldspar, and some
sodic plagioclase which probably replaces potash feldspar.

The potash feldspars are all more or less kaolinized.
Most crystals examined show perthitic exsolution strugtures; no
microcline twinning was noticed. When satisfactory interference
figures were obtained, large to moderate negative optic axial
angles were observed, indicating probable orthoclase. In R.14173,
one potash feldspar pheenocryst showed a small 2Vx, and another
crystal in the same specimen has a large 2Vx. Again, in the
same specimen interstitial potash feldspar has a small negative
optic axial angle. These observations indicate that a variety
of types of potash feldspar are present in these rocks, and
probably within one specimen. Detailed observations of such
features have been made by Emeleus and Smith (1960).

Biotite is partly or wholly replaced by chlorite in
R.14168, R.I4I70, R.14171, R.14172, and R.14173; in R.14167,
biotite is replaced by smectite and clinozoisite in addition
to chlorite.

Amphibole, in most specimens, is partly or wholly
replaced by chlorite, epidote, carbonate, and sericite. In
R.14171, it is partly replaced by biotite. Where it is unalt-
ered, the amphibole is pale green actinolite or actinolitic
hornblende, and forms fibro-prismatic crystals.

- Evidence for the presence of pyroxene was noticed in .
three specimens. In R.14171, one partly uralitized, colourless
crystal of clinopyroxene is present, but other crystals in the
slide that are shaped like basal sections of pyroxene are now
composed of biotite. .In specimens R.14173, and R.14174 pyroxene
is entirely pseudomorphed by chlorite.

5. Hornfels. The localities and rock names of the specinens
described here are referred to in Table VIIT. The specimens of
hornfels collected from aureoles around the Mareeba Granite
batholiths consist of recrystallized siltstone and slate, and
partly recrystallized sandstone. In two specimens (R.14203 and
R.14209) porphyroblasts of feldspar are present.,

The siltstones and slates have hornfelsic textures
superimposed on bedding and cleavage structures. In the slates,
recrystallized micas tend to emphasize the cleavage and give the
rocks a micro-schistocity. Quartz in most specimens forms
mosaics of grains whose size ranges from 0,05 to 0.1 mm.; the
original sedimentary banding in the quartz-rich areas in these
slides is shown by differences in grain-sizes in different bands.
Muscovite occurs as small flakes commonly oriented parallel to
the cleavage in R.14202 and R.14206; small porphyroblasts of
muscovite with random orientation can be seen in R.14911 and

R.14214, Biotite porphyroblasts occur in R.14199, R.14206, and



Rock No.
R.14182

R.24199
R.14202

R.14203

R.14206

R.14207
R.14209

R.14211

R.14214

Localities and

-1 _6_

TABLE VIII

names of specimens from the ccntact aureole of the Mareeba Granite

lheoto locality

Mossman- !
Cairns

1" " n

Mossran "

L n

Rurula, "

Mossman, "

n

n

5129,

5129,
3213,
3245,

403,
593

"

"

1112

1113
1125
1126

1674
1702

Geographical locality
1 mile W. of 'Brooklyn' homestead

Queen Constance Mine

6 miles west of 'Maitland
Downs'!'! homestead.

n " n

Spencer Creek,
L "

Mossman River

Pom Pem Mine

Mt Spurgeon track.

Rock Name

Tourmaline-muscovite-quartz
hornfels.

Muscovite-biotite-quartz hornfels

Andalusite-muscovite-quartz
hornfels.

Recrystallized sandstone.
Biotite-muscovite-quartz hornfels,
Recrystallized sandstcne.
Porphyroblastic sandstone.
Quartz-biotite-muscovite hornfels.

Cordierite-muscovite=bioctite
hornfels.



7=

R.14214. The porphyroblasts of muscovite and biotite are
anhedral, and both minerals have small inclusions of quartz.
Biotite in R.14182 and R.14211 forms small tabular flakes.
Andalusite, now mostly altered to fine sericite, forms tabular
porphyroblasts in R.14202; the mineral is pleochroic from
colourless to pale pink. Specimen R.14214 contains porphyroblasts
of cordierite measuring up to 8 mm.; the cordierite poikilo-
blastically encloses numerous small inclusions of quartz, and
porphyroblastic biotite and muscovite are associated with it.
Some of the cordierite is pinitized. The distribution of the
cordierite porphyroblasts suggests that they represent original
shaly bands and lenticules in the rock. Colourless to olive-
brown tourmaline is a common accessory in these specimens, and

in R.14182 it 1s present in essential quantities. The mineral
is commonly prismatic: in R.14199 small tourmaline porphyroblasts
cut across the micro-folded slaty cleavage. Some prismatic
zircon was noted in R.14182; in R.14199 tabular black iron ore

is partly replaced by leucoxene, and in R.14211 irregular to
octahedral grains of black iron ore are partly replaced by
haematite.

- Three specimens of metamorphosed sandstone were
collected (R.14203, R.14207, and R.14209). Each of them is
inequigranular, and contains angular and sub-angular grains.

The sandstones are composed of guartz and smaller amounts of
feldspar and mica. Sodic plagioclase occurs as originally
clastic grains in R.14207. In the other two specimens it
appears to have resulted from porphyroblastic growth. In
R.14203 these crystals are no bigger than the usual grain-gize
in this specimen (i.e., 0.3 mm.), but are anhedral and poikil- 7
oblastic, and consist of untwinned oligoclase. In R.14209,

the feldspar porphyroblasts consist of microcline-perthite and
twinned and zoned sodic plagioclase; they range-up to 20 mm.

long. The micas in all three specimens are biotite and
muscovite; the minerals are interstitial and poikiloblastic,

and represent recrystallized, shaly, groundmass material.

Chemistiry.

Chemical analyses and C.I.P.W. norms of specimens
of the Mareeba Granite collected for age-determination are shown
in Table IX. Figure iii shows the analyses plotted on a
FeO+Mg0 - Cal - Na20+K20 diagram. The five specimens scattered

in the N320+K20 corner of the diagram probably represent the

parent granite magma; an average of these is also plotted. The
other four analyses plot in a curvilinear line away from the

Na O+K20 corner, showing them to be richer in €a0 and MgO+FeO,
i.%., basification. The most basic specimen, E55/1/11, was
collected from the small intrusion 8 miles west of 'Curraghmore'’
homestead; another specimen collected from this intrusion shows,
under the microscope, small hornblendic inclusions that probably
represent xenolithic material. This suggests that contamination
is responsible for the basification in the granites.

Normative albite, orthoclase, and anorthite are
plotted in figure iv, These show a trend towards the alkali
feldspars, mainly towards albite. One specimen (E55/1/15) is
richer in potash feldspar than the others. It will be noted
that in the trends shown in figures vi and vii, the specimens
are arranged in the same order of increasing alkilinity.
Included in Fig, iv is part of a projection of the liquidus
surface and boundary curve in the system Ab-Or-An-H,0 at 5,000
bars water pressure (Yoder, Stewart, and Smith - 19%7). It
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ABLE IX

Chemical Analyses and Norms of age-determination specimens
from the Mareeba Granite

A - Analyses
ESS/1/1 E55/1/5 ES55/1/6 E55/1/1 E55/1/9 E55/1/11 E55/1/12 E55/1/15 ES55/5/2

Si02 73.64 75.4 2.7 14.8 7.4 69.2 73.9 77.0 73.02
Ti0p 0.03 0.10 0.25 0.12 0.37 0.46 0.03 0.20 0.11
Al203 14.40 13.5 14.0 13.8 13.9 14.8 1541 1.8 14.32
F3203 0.48 0.23 0.21 0.34 0.32 0.44 0.19 0.30 0.41
FeO  0.40 1.01 1.81 0.97 2.70 2.85 0.82 1.41 1.81
MnO 0.10 0.05 0.05 0.03 0.05 0.06 0.04 0.02 0.08
Mgl 0.90 0.12 0.57 0.33 0.65 1.69 0.08 0.30 0.80
Ca0  0.45 1.09 1.74 1.05 2.50 2.95 0.65 0.73 2.02
NagO 4456 3.35 3.35 3.50 3.00 2.90 4.15 2.90 2.76
K20 3.79 4.20 4.30 4455 3.85 3.40 4425 4.55 3.92
P205 0.07 0.20 0.13 0.1 0.12 Q1T 0.13 ‘ 0.15 0.07
HoO- = 0.16 0.16 0.08 0.17 0.19 0.05 0.07 -

HpO+ 0.84 0.60 0.68 0.35 0.85 0.87 0.55 0.34 0.67
COp N.D. 0.03 0.05 0.03 0.08 &9.08 0.04 0.07 N.D.

99.66 100.04 100,00 100.06 99.96 100.06 99.98 99.84 99.99

B - Norms
Q3 30.30 32.24 31.39 33.67 31.54 29.25 31.83 40.61 35.33
C 2.16 2.01 1.10 1.21 0.73 1.58 2.90 1.48 2.05

Or 22.38 24.82  25.41  26.89 22,75  20.09  25.12 26.89 23.16
Ab  38.60 28.35 28.35 29.62 25.39 24.54 35.12 24.54 23.34

. An 1.75 3.91 T.47 5.21 11.11 13.02 2.12 1.69 9.54
Fs 0.48 1.59 2.83 1.36 4.18 4.22 1.37 2.05 2.94
En 2+24 0.30 1.42 0.82 1.62 4.21 0.20 0.75 2,00
Ap 0.17 0.47 0.3 0.25 0.28 0.40 0.31 0.36 0.17
Mt 0.70 0.33 0.30 0.49 0.46 0.64 0.28 0.43 0.60
Il 0.06 0.19 0.47 0.23 0.70 0.87 0.06 0.38 0.21

Analysts: E55/1/1 and E55/5/2 by S. Baker and A. McLure, B.M.R. E55/1/5, 6, 9
and 11 by H.W. Sears, A.M.D.L. The remainder by C.R. Edmunds and H.W. Sears,A.M.D.L.
E55/1/1 - Muscovite adamellite, four miles south of Mt Carbine. E55/1/5 - Mus-
covite-biotite granite, 'Southedge' Homestead. E55/1/6 - Muscovite adamellite,
Mt Lewis forestry road.

E55/1/7 - Biotite-muscovite adamellite, Lighthouse Mountain. E55/1/9 - Biotite
adamellite, Mt Spurgeon track. ES5/1/11 — Muscovite-biotite miocrogranodiorite, 8
miles west of 'Curraghmore' Homestead. E55/1/12 - Biotite-muscovite micro adam=-
ellite, Kelly's Homestead.

E55/1/15 — Biotite adamellite, Roaring Meg falls, one mile west of China Camp.
E55/5/2 - muscovite-~biotite granite, Maréeba/Dimbula road=-Gorge Creek crossing.
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Fig. iii. MgO+Fe0 - Ca0 - K,0+Na,0 Variation diagram
for specimens of ﬁaree%a Granite. The
ringed cross represents an average for the
five specimens around it.

__s.-.&ffﬂ“

s - — T T — | —  — — q—

Heviife - __vo0°

——

— — — — §00°
'ﬁ:_nlllé — i —

— — —

m‘p
o Wby Akgp . Oeps

Fig. iv. An-Ab-Or diagram for specimens of Mareeba Granite,
together with a part of the projection of the quaternary system
Ab=-Qr-An-H,0 at 5,000 bars H,O0 pressure, The dashed lines
represent © isotherms on the“liquidus of the system. The
boundary curve is represented by the continuous line. (After
Yoder, Stewart and Smith, 1957.
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Fig. iv. An-Ab-Or diagram for specimens of Mareeba Granite,
together with a part of the projection of the quaternary system
Ab-Or-An-H,0 at 5,000 bars O pressure, The dashed lines
represent isotherms on the“ligquidus of the system., The
boundary curve is represented by the continuous line. (After
Yoder, Stewart and Smith, 1957.{
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will be noted that five of the specimens are arranged roughly
along the temperature valley in which the feldspar boundary

curve occurs, This diagram does not necessarily indicate that
these rocks crystallized exactly at the temperatures and pressure
shown, but it does suggest that they are the result of the
crystallization of uncontaminated material.

C_onc lusions and Commentss

My remarks here are more in the nature of a state-
ment of the problems uncovered during the reconnaissance mapping
of the Mareeba Granite than definite conclusions. However, I
believe they are of some value because they at least provide a
starting point for any future detailed work.

The intrusions arc epi-mesozonal in the classifi-
cation of Buddington (1959). The roughly elliptical outlines
of the granite bodies is elongated parallel to the regional
strike of the sediments, although in detail the contacts cut
across the structures and strike of the sediments. The country
rocks consist of strongly folded sediments that are only very
slightly regionally metamorphosed, if at all. A narrow thermal
metamorphic aurcole is found adjacent to the granite contacts;
the granites are thus disharmonious in the sense of Walton (1955).

The process of intrusion of the granites is another
problem. The granite/country rock contacts are sharp and clean;
there are no intrusion breccias, and xenoliths are almost en-
tirely absent. All this suggests that the granites were not
emplaced by piecemeal stoping. There is probably some signif-
icance in the fact that the batholiths showed preference for
emplacement along a belt of slates rather than in the dominantly
arenaceous sequences of the Hodgkinson Formation. The slates
would be less competent than the sandstones, and it would be
easier for the granite to push them aside during intrusion. In
fact, there is some evidence for this on the map (Plate I);
tectonic trend lines tend to be diverted close to the granite
contacts, and strong mesoscopic folds have formed in some places
near the contacts. However, if the granite is indeed 'high
level', i.e., was emplaced within 5 or. 6 miles of the earth's
surface, it surely would have beecn easier for the magma to- push
its way to the surface, rather than push aside some 12 or 16
miles of country rock to form, for example, the granite massif
of the Mt Windsor Tableland. Inspection of Plate I shows two

other features worth noting. First, some of the tectonic trend
lines are cut off by the granite, suggesting that some of the
country rock was removed during emplacement. Secondly, the

batholiths have elliptical or elongated elliptical outlines

that give the impression that ring fracturing had taken place,
and that large blocks of country rock had foundered, or had been
pushed upwards. Thus, from the reconnaissance mapping it seems
possible that the batholiths were emplaced by a combination of
..intiusion along ring fractures, and pushing aside of the country
rocks.

The physical state of the magma at the time of
emplacement differed from place to place. At many localities
in the batholiths and in most of the stocks, the fine-~to medium-
grained chilled margins show that the magma wes mostly liquid
at the time of intrusion. Most of the chilled rocks contain up
to 25 percent phenocrysts, suggesting that a quarter, or less,
of the magma was composed of crystalline material. There are
some exceptions, notably at the three small intrusions grouped
around the McLeod River; here the rocks contain as much as 50
percent phenocrysts, and, judging by the somewhat strained
appearance of the phenocrysts, were intruded as a crystal mush
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lubricated by interstitial liquids. In other places, the
granites are coarse-grained right to their margins, and, in
places, a marked foliation parallel to the contacts. It is
probable that in these cases, the country rocks were heated by
the continuous passage of magma past them, so that the magma
cooled slowly against them; the foliation in such places probably
results from flowage carrying on until the granite was solid.

An unusual feature noted at the flat-roofed stock a
mile west of 'Brooklyn' homestead is the development of large
crystals of potash feldspar just on and perpendicular to the
roof contact (Morgan, 1961, p.5). The feldspar crystals are
enclosed in a medium-grained tourmaline-~bearing microgranite,
and are probably pegmatitic. To explain their development it
seems likely that, first, the magma was still, and secondly, that
volatiles were able to accumulate at this contact, stimulating
the growth of the pegmatitic feldspar crystals. The presence
of volatiles during solidification is suggested by the thin re-
placement veins containing tourmaline and muscovite.

Many of the large batholiths described from various
parts of the world are complex multiple intrusions containing
rocks ranging from basic to acid. The Mareeba Cranite batholiths,
however, appear to be simple intrusions composed mostly of
adamellitic rocks. Slight chemical and petrographical differ-
ences can, at present, be accounted for by contcmination of the
granites by their country rocks, rather than by magmatic
differentiation or hybridization of magmas.

Considering the bulk of the granites, minor features
such as aplites, pegmatites, and mineralized veins are rare.
Only at Mt Carbine, in fact, is there any great development of
these late-stage features.

The dyke rocks that I have, in this report, associated
with the Mareeba Granite pose another problem. The fact that
they tend to be concentrated close to the granite leads one to
suspect that they are genetically related to the batholithic
intrusions. Some of them cut the granite, showing that these,
at least, were emplaced after the granite. However, the petro-
genetic relationship between the dykes and the granite is not
clear, as many of them are rather more basic and contain amphibole.

The conclusions made in this section are summarized:-

1. The granites are epi-mesozonal,

2. The process of intrusion is not properly known, but
evidence suggests that emplacement took place partly
by filling ring fractures, and partly by pushing aside
the enclosing sediments,

3. .The magma was mostly liquid at the time of emplacement.
4, The batholiths are simple intrusions.

5. TLate-stage features such as aplites and pegmatites
are not comnon.

6. The precise relationship of the dyke rocks to the
granites is not known.

MINERALIZATION

The Mareeba Granite is responsible for wolfram, tin,
and copper mineralization. Little zonation of these metalif-
erous deposits has been observed at any of the mines - e.g., at
Mt Carbine, only wolfram has been obtained from the lodes; the
Sweet William was worked for copper. In Cornwall, tin, wolfram,
and copper minerals are associated in mineral zones (Dewey - 1925,
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Vokes and Jeffrey.- 1955, and Dines - 1958). In the Cornish
mines it has been noted that h.gh temperature tin mineralization
at depth gives place to medium temperature wolfram mineralization
at somewhat higher levels. At still shallower depths wolfranm
gives way to low temperature copper mineralization. Pig. V is
a reproduction of Dewey's (op.cit.) diagram illustrating the
zoning. The mineralized veins outcropping in association with
the Mareeba Granite may well represent various stages of erosion
of similar mineralized zones, Thus, at depths below the exten—
sive wolfram workings at Mt Carbine, there may be deposits of
lode tin. This, however, is pure speculation, and should be
regarded with great caution, because in Ball's description of
the Mt Holmes tin mine, near Mt Carbine, the economic mineral
zonation (cassiterite and wolfram) is apparently inverted when
compared with the Cornish examples.

THE ALMADEN GRANODIORITE AND THE NYCHUM VOLCANICS

Introduction

The field relationships of the Almaden Granodiorite and
the Nychum Volcanics have been described in the earlier report
(1961). Here I shall describe some additional specimens and
make some comments on some chemical analyses of the granodiorite
and the volcanics. I shall also describe the petrography of the
contaminated dykes that occur south and north-west of Mt Mulligan,
and discuss their possible relationships to the Nychum Volcanics
and the Almaden Granodiorite.

Petrography

The Almaden Granodiorite

In addition to those described in my earlier report
(1961), four more specimens have been examined, The specimen
localities, modal analyses and rock names are given in Table X.

Three of the specimens - R.10578, R.10580, and R.10583 -
are texturally and mineralogically similar to one another. They
are porphyritic and hypidiomorphic. The phencerysts are sub-
hedral to anhedral. In the groundmass, plagioclase and biotite
are tabular, quartz is granular to interstitial, and potash
feldspar is interstitial to poikilitic.

Plagioclase is slightly to moderately sericitized, and commonly
shows oscillatory zoning; in R.10578 and R.10580 it has anti-
perthitic lamellae. Anhedral crystals of quargz show only
slight straining. Potash feldspar has 2Vx = 0~ to very small,
and is slightly to moderately kaolinized. Biotite is somewhat
chloritized, and forms slightly flexed flakes that are pleochroic
from straw-coloured tec dark reddish brown. The amphibole is
subhedral and is, in R.10580, mostly replaced by chlorite, epidote,
and leucoxene; in R,10883 it is replaced by fine, randomly
oriented Ilakes of biotite and some chlorite. In R.10578 the
amphibole is a pale green actinolitic hornblende. Accessory
minerals noted were black iron ore, zircon, epidote, apatite,

and leucoxene. R.10578 contains some pyrite.

The fourth specimen, R.10582, is a hornblende granod-
iorite collected from a patch of ferro-magnesian-rich material
close to the eastern contact of the granodiorite with sandstone
of the Mount Garnet Formation at Nolan's Creek. The rock is
aphyric and fairly equigranular and hypidiomorphic. Hornblende
is segregated into clots in which feldspar is sparse. The
plagioclase forms somewhat saussuritized and carbonated tabular
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R.10578

R.10580

R.10582

R.10583

GRAIN SIZE

Phen,
T+5

345

6.5

Phen = pbenocryst.

%

PIEN
G'mass Quartz
0.25 36 22.1%
0.1 36_ 23.1%
1.5 'ﬁO = 16.9
3.0
0.05 48 33.8#

K-feldspar
22.3

16.5

12.8

6.5*

24~

TABLE X

Grain-sizes, modal analyses, localities and
names of specimens of the Almaden Granodiorite.

MINERALOGY
Plzgioclase Biotite
45.5% 8.7%

o k.

44.5%

.Eln48 0 IT*
29.8

An"‘vo =
43.7* 14 .6%
.Fanss

¥ Occurs as phenocrysts as well as in the groundmass
G'mass = groundmass.

Amphibole
0.4*

0.,6%

36.8

Recorded with
biotite*

Accessory
1.0

0.3

3.7

1.3

LOCALITY

Nolan's Creek
Yokas; run 3,
photo 87, pt.
1528 A.

4 miles east
of Nolan's
Creek Yokas
3/95/1630.

Nolan's Creek
Yokas 3/87/
1652,

Beaverbrook
mine.

NAME

Porphyritic, partly
chloritized horn-
blende-biotite
granodiorite.

(Chlorites 12.2%
epidote; 2.1%)
Chloritized horn-
blende - biotite
granodiorite.

Hornblende
granodiorite.

Altered hornblende-
biotite tonalite.
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crystals and has antiperthitic lamellae. Quartz occurs as
slightly strained interstitial grains. Potash feldspar is also
interstitial, and is heavily kaolinized, Hornblende forms
slightly chloritized fibro-prismatic crystals; 1t 1s pleochroic
with X = pale olive, Y = olive green, and Z = pale bluish green.
" Accessory minerals are black iron ore, sphene, apatite, and
zircon. Small inclusions of quartz sandstone and doleritic
material are also present.

Additional field and petrographic information on the Almaden
Granodiorite.

About three miles north-east of the water bore on the
Mungana/Mitchell River track is a small area of apparent block-
faulting.  Within this area are outcrops of fine-grained grey-
wacke and shales that contain small spots which, in section, are
seen to be porphyrcblasts of cordierite, This suggests that at
no great depth beneath this area is an igneous intrusicn which is
possibly related to the Almaden Granodiorite. The apparent
block-faulting possibly results from movement during the intrusion
of this rock. A small boss of porphyritic microgranodiorite,
probably related to the Almaden Granodiorite, cccurs about 3 miles
south-east of the water bore.

The north-eastward trending fault that crosses the
Mungana/Mitchell River track in the vicinity of the water bore
has formed a breccia composed of quartz sandstone fragments cut
by irregular veins of fine-grained tourmaline (R.10585). It is
possible, but rather unlikely, that this tourmaline mineralization
may also be related to the Almaden Granodiorite.

The Nychum Volcanics: This part of the report contains
some generalized descriptions of thin sections of specimens which
were not prepared before my previous report (1961) was completed.
The specimens are lithic tuffs, acid lavas, and andesites. In
addition, two acid lavas occurring as pebbles in the Mt Mulligan
Coal Measures are described. The names and lccalities of the
specimens described are shown in Table XI.

The lithic tuffs were collected by B.J. Amos, and are
from the lower part of the Nychum Volcanics succession north of
Elizabeth Creek, and west of the Mungana/Mitchell River road.

From field work and microscepy it is evident that what was former-
ly thought to be a sedimentary sequence at the lower part of the
Nychum Volcanics is in fact a series of lithic tuffs that have,

in part, been sorted by river action.

The lithic tuffs are represented by R.14225 and R.14227
to R.14229. R.14225 is, in hand specimen, pale cream rock and
speckled with red, and contains a thin graded bed, about 2 cm.
thick. = In thin section the rock is inequigranular and vitroc-
lastic, the grain-sizes ranging from 0.1 mm. to 0.9 mm. The
grains are angular, and some show fretted and embayed margins.
They consist of partly and whelly devitrified glass, some of
which shows fine, rhyclitic flow-banding; in some of the glass
rare microlites of tabular plagioclase are present. Some grains
are zonally stained by hydrated iron oxide. 'The matrix to the
grains consists of a pale fawn glass that has an approximate
refractive index of 1.51, corresponding roughly to an SiOg2 per-
centage of 67 on the curve of W.0. George (in Williams, Turner
and Gilbert, 1954, p.28). In the part of thin section that was
cut across the graded bed (noted in the hand specimen description)
the matrix glass has been altered to fine opaque clay minerals.

The other lithic tuff specimens are mineralogically and
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TABLE XI

Localities and names of specimens of
Nychum Volcanics described in the text.

Number Photo Locality General Locality
R.14216 10 miles S.E. of Mt
Mulgrave

R.14217 King Cole Mine,

; Mt Mulligan

R.14218 King Cole Mine,

. Mt Mulligan

R.14220 Maple, Run 8, East of Elizabeth
photo 129, Creek, near Mungana/
pt. 2060. Mitchell River rcad

R.14222 Maple, Run 8, As for 14220
photo 129,
pt. 2062

R.14223 Maple, Run 8, Justah mine road
photo 127, junction
pt. 2065

R.14224 Maple, Run 8,  Mitchell River/Mung-
photo 125, ana road Jjust north
pt.2078 of Elizabeth Creek

R.14225 Maple, Run 9, East of Elizabeth
photo 121, Creek
pt.2012

R.14227 Maple, Run 9, East of Elizabeth
photo 121, Creek
pt. 2012

R.14228 Maple, Run 9, As for R.14220
photo 123,
pt. 2063

R.14229 Maple, Run 9, As for R.14220
photo 123, .
pt. 2079

R.10795 9 miles S.E. of

Wrotham Park H.S.

Name
Felsite

Altered rhyolite
Ignimbrite

Autec=brecciated
felsite

Chloritizéd‘and
somewhat silicified
andesite

Biotite dacite.
Albite dacite.
Lithic tuff.
Lithic tuff.
Lithic tuff,
Lithic tuff.

Andesite,
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texaturally similar to R.14225. Specimens R.14227 and R.14228
contain a few grains derived from lower Palaeczoic sediments,
and most of the grains in R.14228 are stained by hydrated iron
oxide. In R.14229, clay minerals and carbonate have taken the
place of much of the devitrified glass.

Four acid lavas are described here. R.14216 is a pale
cream—-grey, flow-banded and aphanitic rock that, in thin section,
is seen to consist almost entirely of a fine-grained, flow-
banded felsite. Some small flakes of bintite and muscovite
were observed, and vesicles and thin veins are filled with
chalcedony.

R.14220 was sampled from a vent, and is an auto-brecciated
felsite. In hand specimen it is a pale green, aphanitic rock
that, on a wetted surface, is seen to be brecciated. The
specimen consists of parts of two large fragments, between which
are numerous sub-rounded fragments. In section the fragments
and matrix consist of very fine-grained felsite that has some-
what contorted flow-structures. A few grains of pale pink
garnet were noted in the hand specimen.

Specimens R.14223 and R.14224 are dacites: The first
is in hand specimen, fawnish-green speckled with black, and has
phenocrysts enclosed in an aphanitic grcundmass. The mica
phenocrysts have a flow orientation. R.14244 is pale mauve-pink
and has phenocrysts enclosed in an aphanitic groundmass.

In thin section the groundmass of both specimens con-
sists of a fine-grained felsite. Quartz phenocrysts in both
specimens are subhedral to anhedral, and embayed., DPlagioclase
phenocrysts are tabular; in R.14223, the plagioclase is AngQ,
and contains antiperthitic layers of moderately kaolinized
potash feldspar. In R.14224, the plagioclase consists of some-
what kaolinized albite. Tabular phenocrysts of slight to
noderately kaolinized pntash feldspar are found only in R.14224.
Biotite occurs as tabular, contorted books in R,14223; some
appears to pseudomorph amphibole. In R.14224 all the ferro-
magnesian material has been replaced by hematite and some chal-
cedony; some pyroxene-shaped pseudomorphs, and acicular crystals
that may have been amphibole, were observed. Two or three
small inclusions of altered basalt, and cne of 'diorite' material
were noted. iccessory minerals are apatite and black iron ore.
Estimates of percentages of minerals present as phenocrysts are
shown in Table XII.

TABLE XII

Estimated mineral percentages of specimens R.14223 and R.14224.

No. Pheno- Quartz K-feld- Plagioclase Biotite Pseudomorphed
: mphibole an

crystis spar
Pyroxene
‘R.14223 20 35 Tr. 60 5} -
R.14224 15 15 5 70 - 10

Specimens R.14222 and R.10795 are andesites. In hand-specimen
'R.14222 is dark greenish grey, and has small phenocrysts enclosed
in an aphanitic groundmass. Vesicles are streaked out parallel
to the direction of flow. In thin section the specimen is
seriate porphyritic and hyalocrystalline. The phenocrysts range
up to 0.6 mm. across, and the groundmass has an average grain-
size of 0,02 mm, ©Plagioclase (30%) forms microlites and small
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phenocrysts, and is partly or wholly replaced by chalcedony

and chlorite. Small rectangular areas are ccmposed of pale

- green chlorite and brown bowlingite, and make up about 20 per-
cent of the rock - these areas appear to represent pseudomorphed
pyroxene. About 45% of the rock is composed of a murky glass
that is, in places, faintly anisotropic. Embayed phenocrysts
of quartz (5%) are also present.

R.10795, in hand specimen, is black and stained by
hydrated iron oxide on weathered surfaces. The rock is sparsely
porphyritic and the phenocrysts are enclosed in an aphanitic,
massive groundmass. In thin section the rock is porphyritic,
and has an hyalopilitic groundmass. The phenocrysts range up
to 0.8 mm. across, and the average grainsize cf the groundmass
is 0.03 mm. ©Plagioclase (30%) is Ansg in the groundmass, and
Anpg as phenocrysts, and forms tabular, pellucid crystals. :
Augite is colourless, and forms prismatic to granular crystals
that are confined to the groundmass. The interstitial glass
forms 50 percent of the rock, and encloses myriads of minute
transparent globules, 0.001 mm. in diameter. Accessory black
iron ore is octahedral, Rare amygdales contain an outer rim of
granular (?)pigeonite enclesing an unidentified flaky brown
mineral that has a refractive index of about 1.5, and has 2Vz =
very small. '

The pebbles from the Mt Mulligan Coal Measures were
collected by F. de Keyser to see if they resembled rocks from
either the Nychum Volcanics or the Featherbed Volcanics.

R.14218 is an ignimbrite that has a devitrified felsitic ground-
mass with a faint eutaxitic texture. The phenocrysts are
anhedral and somewhat fractured, and consist of quartz, feldspar,
and rare biotite. The rock is similar to types from both the
Featherbed and the Nychum Volcanics.

R.14217 is an acid lava containing anhedral phenocrysts
of quartz and altered feldspar enclosed in a patchily kaclin-
ized and, in places, silicified groundmass that has a flow
texture. It is rather similar to some acid lavas from the
Nychum Volcanics.

Suggested Petrogenisis of the Nychum Volcanics and the Almaden
Granodiorite

Introduction: The ideas expressed here arc only meant tc be
poessibilities, and are based on the regional mapping and a

study of the general petrography of the volcanics and the
granodiorite, together with some information derived from
chemical analyses., My aim is to show that both the Nychum
Volcanics and the Almaden Granodiorite may have resulted from

the mixing of acid and basic magmas, the Nychum Volcanics rep-
resenting an earlier stage of incomplete mixing and the slightly
younger Almaden Granodiorite representing a later stage of nore
complete mixing. I shall deal firstly with the Nychum Volcanics.

The Nychum Volcanics: The volcanics are a gently folded series
consisting mostly of acid tuffs and flows, with subordinate
andesites and rare basalts. Some sediments are asscciated with
them in the 'Nychum' homestead and Jug Water Hole areas. The
details of the successions observed in the field differ greatly
from place tc place, but the intermediate and basic rocks appear
to have been extruded in the lower parts of the succession.

Petrographically, the rocks range from basalt, through
andesites and dacites, to rhyolites and rhyclitic pyroclasts.
The intermediate rocks show some evidence of contamination,
either by hybridization or assimilation (Morgen, 1961, p.21).
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The evidence does, in fact, favour hybridization - for example,
the basified plagioclase rims in specimen M1617L (Morgan, op.
cit.p.42), and the strongly embayed quartz 'phenocrysts' in the
andesite represented by M6210/1 (Morgan, op.cit.,p.4l). Some
of the more acid rocks (e.g., M1583, op.cit., p.40) contain
inclusions of fine basalt. Such evidence is used by Larsen,
et al (1938a, 1938b) to suggest magnatic hybridization in the
differentiation of the volcanics of the San Juan region, U.S.A.
The dominance of acid rocks over basic cnes within the unit is
evidence against the fractionation of the acid rocks from a
basic magma, and there is no evidence of differentiation arising
from immiscibility of contrasting liquids.

Chemical analyses of specimens from the Nychum Volcanics
are shown in Taeble XIII. I have chosen a suite of specimens
ranging from basic to acid in order tc gain some idea of the
trend of differentiation of the rocks. The basalt is rather
poorer in MgO and richer in NasO when compared with basalts in
general (Nockolds, 1954), and with those from some calc-alkali
rock provinces (Kunc, 1960 and Steiner, 1958). Fig. vi is
after Kuno (1960), and shows that the basalt is of a high-
alumina type.

Pig. vii is an FMA diagram on which the Nychum Volcanics
analyses are plotted, together with the 'typical tholeite trend'
(Tilley, 1950). The diagram shows that the volcanics belong to
the calc-alkaline association, and that the major trend is to-
wards alkali-enrichment and little or no iron-enrichment. In
other words, there is an almost straight zone between the
ferromagnesian~-rich rocks and the rocks rich in alkalis, indicat-
ing that the Nychum Volcanics may have resulted from the hybrid-
ization of acid and basic magmas.

Pig. viii consists of a series of linear variation
diagrams in which silica percentages are marked alcng the
abscissae, and the other major oxide percentages on the ordinates.,
The oxide trend-lines are almost straight; those for alumina,
total iron oxide, and soda are slightly convex upward, magnesia
is concave upwards, and potash and lime are virtually straight.
This 'straight-line' characteristic again suggests hybridization.

The slight curves in the trend-lines may well result
from some differentiation in addition to hybridization, as in
the Montana Petrographic Province (Larsen, 1940).

To summarize: field examination of the rocks shows a
dominance of acid volcanics over andesitic and basic-rocks,
precluding the pcssibility of basic magma being the scle parent
of the volcanics. Petrographic examination &nd chemical vari-
ation diagrams suggest that hybridization between acid and basic
magma has taken place.

The Almaden Granodiorite: In the introductory part of this
chapter I suggested that the Almaden Granodiorite and the Nychum
Volcanics may have been formed by hybridizaticn, However,
Branch (1960§ has suggested that the granodiorite was formed by
assimilation of limestone by the Herbert River Granite. Some
petrographic studies by Dallwitz (1961) of granodiorite specimens
from close to its contact with the limestone near Chillagne have
shown that some reaction with the limestone has taken place, and
that the granodiorite tends to be somewhat basified near its
margins; this was taken as c¢vidence to support Branch's opinion.
Bearing this idea in mind, I would like to examine certain other
features.

Rocks contaminated by assimilation commonly have abundant
evidence for contamination in the form of numerous xencliths -
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TABLE XIII
Chemical analyses of spocimens of Nychum Volcanics

R.10381 R.10795 R.10368 R.10366 R.10375 R.10388

510, 51.30 60.20 62.10 63.90 64 .40 70.10
Ti0, 1439 1445 1.18 0.80 1.05 0.26
A1203 16,60 14.70 15.30 15.10 15.10 12,30
Fo 0, 2.90 1.70 1.39 1.66 2.63 0.70
FeO 5.65 5420 4.80 3.55 2.59 1.82
MnO 0.13 0.11 0.10 © 0.08 0.06 0.03
MeO 5450 2.35 1.38 0.99 1.41 0.26
Cal 9.60 5.50 4.70 4.40 2.75 1.44
Na,0 3.10 3.35 3.80 4410 = 3.85 3.80
K0 0.58 2.10 2.10 2.10 3.20 3.30
H,0+ 1.37 0.45 0.43 0.73 0.45 T
HQO- 1.37 2.60 2.20 1.91 1.83 4.75
P205 0.18 0.29 0.25 0.29 0.22 0.05
co, 0.31 0.05 _0.07 _0.06 0.12 0.04
100.5 100.1 99.8 99.7 99.66 100.0

A1l analyses are by H.W. Sears, Australian Mineral Development
Laboratories, Adelaide.

R.10381. (thin scction 5765, Morgan — 1961, p.45). Basalt from near the
water pump, Mungana/Mitchell River road. B8 miles west of 'Nychum'.

R.10795. (this report, p. 27 ). Lugite a.ndesi‘i:e, 9 miles S.E. of 'Wrotham
Park'.

R.10368. (thin section 5967, Morgan - op.cite., p.41). Hypersthene-augite
andesite, Yokas, run 6, photo 157, point 1530D. gg miles S.W. of 'Nychum'.

R.10366, (thin saction 5880, Morgen, ope.cit., p.43). Hypersthene andesite
from a vent, Mossman - Cairns run 8, photo 5061, point 1642. 16 miles
S.W. of 'Nychum'.

R.10375. (thin section 5836, Morgan, ope.cits., p.34). Porphyritic dacite,
Groganville, run 8, photo 27, point 621¢/4. 6 miles S.E. of
'Mt Mulgrave'.

R.10388. (thin section 5960, Morgan, opecit., p.36, illustrated by fig. vii,
p.18a). Ignimbrite, Yokas, run 4, photo 55, point 1617B. 3 miles
S.W. of 'Nychum',
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€.g8., the contaminated tonalites of Loch Awe, Scotland
(Nockolds, 1934) enclose numerous xenoliths of country rock,
whereas the uncontaminated tonalitepthere contain. none. Again,
at Arnage, in Scotland (Read, 1923) the contaminated norite is
full of xenoliths of the country rocks. In both examples, the
type of contamination of the igneous rocks can be related to

the type of sedimentary rock enclosed. In the Chillagoe area,
few xenoliths or even 'ghosts' of xenoliths are to be seen in
the Almaden Granodiorite away from its contacts. At Nnlan's
Creek, 14 miles south-east of 'Wrctham Park', the granndiorite
intrudes limestone and greywacke. No limestcne xenoliths were
observed, but in a marginal zone next tc the greywacke the
granodinrite is strongly contaminated, and encloses numerous
greywacke xenoliths. Thus, contamination of the granodiorite
here should result in enrichment in siliceous and argillaceonus
material. That this is not so is seen if one compares a
chemical analysis of xenolith-free granodiorite from this
locality (M1653A, Table XIV) with an analysis of Almaden Gran-
odiorite sampled from near Almaden (E55/5/6,Table XIV). Hence,
if assimilation of linestone has taken place, it is thought that
the grancdiorite should contain evidence of contamination by
containing numerous inclusions of limestone in various stages

of digestion by the granodiorite. As it is, pure limestone,
like that at Chillagoe, is notoriocusly resistent to assimilation
and granitization because its chemical composition is o unlike
that of igneous rock.

If limestone is to be assimilated completely, then the
magma responsible for this should have plenty of heat available
for the reaction to take place. Modal analyses of the Almaden
Granodiorite in the Mossman 1:250,000 Sheet area (p. of this
report) show that 36 to 46 percent of the rock consists of
phenocrysts, suggesting that about 40 percent of the magma had
cerystallized prinr to emplacement; the remainder of the granod-
iorite crystallized to a fairly fine grain-size, showing that it
cooled relatively quickly. Another feature is that the grano-
dicrite has only a very slightly metamorphosed aureole. In
addition, I suggested in my earlier report (1961) that the
grancdiorite is an extremely high level intrusicn, bccause it
intrudes the Nychum Volcanics at Nnlans Creek and near Chillagoe
these volcanics were probably never more than 500 feet thick.
Thus, with nearly half the magma crystallized prior tc emplace-
ment, and with only a small metamorphic aureole, the granodiorite
was obviously quite cocl at the time of intrusion. Further-
more, because the intrusion was so close to the earth's surface, .
what heat it had left would be quickly dispersed.

Two points arise from the discussion so far. First,
the magma would have insufficient heat to assimilate large
quantities of limestone, and leave noc trace. Secondly, because
nearly half of the magma had crystallized probably prior to
intrusion, the magma must have attained its present chemical
composition in the original 'magma chamber' in the depths from
where it was intruded. If, then, the Almaden Granodiorite is,
as suggested by Branch (1960), closely related to the Herbert
River Granite, what is the cause of the basification of the
granite? I suggest that it is by the hybridization of the
granite magma with basic magma, forreasons given below.

In Table XIV are chemical analyses of the Almaden
Granodiorite, together with an average of some analyses of the
Herbert River Granite. Also shown is an analysis nf the
Trevethan Granite from the Conktown area, an average of 65
analyses of homblende-bintite granodiorites quoted from Nockolds
(1954), and two averages of analyses of tonalites quoted from '
Larsen (1948). In comparing the Almaden Granodiorite analyses
with the others, it will be seen that all the analyses are
fairly similar. The Almaden Granodicrite, in fact, contains



Si0p
TiO,
31203
F9203
Fel
MnO
Mg0
CaO
Nao0
K-0
Hy0-
Bs
P205
Cop

M16534
62.74
0.25
16.66
1.81
3.16
0.08
2.06
4.67
3.73
2.15

2.15
0.04

99.54

B55/1/16

67.5
0.05

15.3
1.5
2.4
0.04
1.75
4.05
3.10
3.20
0.14
0.87
0.09
0.03

100.0

* includes 0.02% Zr(,.

Locational iniormation can be found on the next page.
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TABLE XIV

Chemical Analyses of Almaden Granodiorite Herbert River Granite,
and some similar rocks quoted from the literature

B55/5/6 Pga
66.76 65.67
0.29 0.16
15432 15.76
1.36 1.56
2.92 2.83
0.10 0.07
2.02 1.94
4.23 4.32
3.1 3.31
3.22 2.86
0.1 0.08
0.80 1.27
0.17 0.10
100.41 99.93

#*  jincludes 0.05% BzO.

Pgh
73.63
0.16
13.80
0.53
1.86
0.04
0.56
1.66
3.38
4.03
0.10
0.48
0.10

100.33

155/13/1

65.9
0.63

14.6
0.50
3.95
0.05
2.95
4.60
3.00
2.T70
0.09
0.65
0.18
0.04

100.1

N
65.50
0.61
15.65
1463
2.79
0.09
1.86
4.10
3.84
3.01
0.69

0.23

100.00

L4
66.4
0.6
14.8
1.4
3.8
0.06
240
4.5

3.5
2.1

0.5

0.05

99.,93%

e

LB
62.2
0.7
16.6
1.4
4.5
0.6
o |
5.7
3.4
1.6

0.6

0.09

100,09%*




M.1 65! ys'

E§§(1Z163

E55/5/63

Pga:

Almaden Granodiorite from Nolan's Creek (Morgan, 1961,
pe24). Inalyst S. Bakor. B.M.R.

Almaden Granodiorito san age = determination sample from
the pluton 4 miles north of the Walsh River - Mitchell

track crossing. Analysts - C.R. Edmunds and H.W. Sears
.I.{..Mn D.Ll

Almaden Granodiorite, an age-determination specimen from
near Almaden. Analysts: ©S. Baker and A. McLure; B.M.R.

Avoraege of M.1653A, E55/1/16, and E55/5/6.

Average of four anelyses of Herbert River Granite
(Morgan, 1961, p.24).

Trevethan Granite, 20 miles south of Cooktown, North
Queensland.

Average of 65 analyses of hornblende - biotito granodiorites
(Nockolds, 1954, p«1014).

Average of Green Valley tonalite (Larsen, 1948, p.56, A).

hverage of Bousall tonalite (Larsen, 1948, p.66, 6).
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slightly less MgO and Ca0 than the others, and slightly less of
the alkali-oxides, Bearing this in mind, it should be noted
that Larsen (op.cit.) considers his tonalites to have resulted
from processes of magmatic differentiation, and possibly hybrid-
ization, and not from assimilation of limestone.

Fig. ix is a type of variation diagram used by Bowen
(e.ge, 1925, fig. i, p.826, and 1928, Fig. 22, p.76). SiOo is
plotted on the abscissa, and the other major oxides on the
ordinate, At the Si0O2 percentages 65.67 and 73.63 are drawn
two vertical lines, representing the averages of analyses for
the Almaden Granodiorite and the Herbert River Granite, respect-
ively. On these lines are plotted the values of the other
major oxides., The equivalent oxides are joined by straight
lines, and these are prolonged to the low silica side of the
diagram to a vertical line (A) at 47% SiOo - where the line
representing Ko0 reaches zero value. This vertical line
represents the most basic rock that can be shown on the diagram -
any rock more basic will have a minus quantity of K0, which is
impossible. Thus, A in Table XV, is the theoretical basic rock
with zero percent K50. This composition is not unlike that of
a basalt, except for a very high Aly0z content. If the K50
value is fixed at 0.5 percent, this gives us a2 rock with 50 per-
cent silica, shown as B in Fig. IX and Table XV, This rock,
again, is like a basalt, and is, in fact, fairly similar to the
analyzed basalt from the Nychum Volcanics (shown under C in
Table XV). The main difference between it and the theoretical
rock B is in the Alp0Oz percentage; even so it has already been
shown that the Nychum basalt is a high-alumina type (Fig. vi).
However, the Nychum Volcanics basalt as compared with basalts in
general, has rather low Mg0 and high Nag0O, and it should be
noted that the theoretically obtained ccmposition B in Table XV
has nearly similar values for these oxides. Under D is part
of an analysis of norite, given for comparison, from the San
Marcos Gabbro (Miller, 1937); this is associated with the tonal-
ites given in Table XIV and with granites in the Batholith of
Scuthern California (Larsen, 1948). Note the high alumina
content. Thus, it scems possible that the Almaden Granodiorite
could well owe its origin to the hybridization of acid and basic
magmes.

TABLE XV

Comparison of hypothetical rock compositions
with that of basalt from the Nychum Velcanics

A B c D
$10p 47,3 50 51,3 52,12
A1503 21 20.1 16.6 20.88
Total Iron Oxide 9.6 8.8 8.55 6.86
Mg 5.6 5 5.5 6.90
Ca0 11,1 10 9.6 10,14
Nag0 3.2 3.3 3.1 2.40
Ko0 0 0.5 0,58 0.25

A %@eorgtical composition of basalt with 0% Ko0 obtained from
1. X

B. Theoretical composition of basalt with 0.5% Kp0 obtained
from Fig. ix.

C. Analyzed basalt from the Nychum Volcanics.

D. Part of analysis of norite from San Marcos Gabbro (Miller
1937), given by comparison.
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Relationship of the Almaden Granodiorite to ‘the Nychum '
olcanics: n my earlier report (1961) I suggea%ea That the
Volcanics and the Granodiorite are petrographically related to
each other because of their close relationship in the field.
The volcanics are intruded by the granodiorite, but neverthe-
less the ages of the two rock-bodies are very similar, I still
think that they are related, but had considered the granodiorite
to be the parent of the volcanics, and that the variety of the
volcanic rock-types resulted from crystallization different-
iation of the granodiorite. I do not consider this to be so
now.

Instead, I think it possible that the volcanics were
erupted during the early stages of hybridization of the basic
and acid magmas. The later granodiorite represents a more
complete stage of hybridization; it is, texturally, a fairly
uniform rock, and the only possible clue to its dual parentage
is the occurrence of cores bytownite to anorthite in the
plagioclase phenocrysts in some specimens: these may well be
relics from the acidified basic magma.

The Herbert River Granite is a large batholith trend-
ing northwestwards, and it seems rather curious that a small
part of its north-western extremity should be more basic. In
the area of the Nychum Volcanics is the western edge of the
Lower Palaeozoic geosyncline, marked by the Palmerville Fault
between the Silurian Chillagoe Formation and the (?)Pre-Cambrian
Dargalong Metamorphics. This faulted unconformity is regarded
by White (1961) as the hinge-line of the geosyncline, and its
trend changes from north-west in the Chillagoe-Mungana region
to northerly along the western edge of the Mossman 1:250,000
Sheet area. This position of change of trend is, in the
opinion of Branch (pers. comm.), likely to be a zone of weak-
ness along which basalt may rise and react with the Herbert
River Granite magma.

The xenolith-rich dykes near Mt Mulligan

Two kykes were examined in the field by F. de Keyser.
One dyke is south of Mt Mulligan, and strikes north-north-west;
it is faulted against the Triassic sediments of Mt Mulligan
and its relationships to the Featherbed Volcanics is not known.
The other dyke is north-west of Mount Mulligan; it strikes
east-north-east, and is faulted against both the Featherbed
Volcanics and Nychum Volcanics. Neither dyke intrudes any
other intrusive igneous rocks. Both dykes are thought to be
'high level', and are believed to be associated with the igneous
activity that produced the Nychum Volcanics, Herbert River
Granite, Featherbed Volcanics, and Elizabeth Creek Granite
(Morgan, 1961). The problem with the dykes is to decide
whether they are related to the Almaden Granodiorite - Herbert
River Granite - Nychum Volcanics association, or with the more
acid Elizabeth Creek Granite - Featherbed Volcanics association.
As will be seen, petrographic and chemical evidence suggest
that the dykes are related to the former association, and, in
particular, to the Herbert River Granite,

In outcrop the dykes are seen to contain many in-
clusions: specimen R.12045 was sampled by F. De Keyser as a
rock free from inclusions and its chemical analysis is shown
in Table XVI. In hand specimen the rock is seen to be medium-
grained, pale greenish-grey, and very sparsely porphyritic,
and the thin section shows that it is a hornblende-biotite
adamellite. Its texture is hypidiomorphic-granular; rare
micropegmatite structures are present. Sodic plagioclase
(35%) forms fairly strongly sericitized tabular crystals in
the groundmass and rare phenocrysts. Quartz (30%{ is subhedral
to interstitial, and is unstrained. Moderately kaolinized
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perthite (30%) is sub-poikilitic and is, in places, intergrown
with quartz. Green prismatic hornblende (3%) and small,
ragged, slightly chloritized flakes of biotite (2%) are
present. Accessory zircon and apatite were noted.

By the nature of its ferromagnesian minerals - i.e.,
hornblende and biotite - the rock is similar to the Herbert
River Granite types rather than to the more leucocratic,
biotite-bearing Elizabeth Creck Granite types. However, it
could be said that the hornblends results from contamination of
the magma by the inclusions. This may be so, but from the
nature of the inclusions, which are described below, this idea
is discounted; the inclusions themselves do not contain horn-
blende or pseudomorphs after hornblende.

F. de Keyser collected five specimens of xenoliths
from the dyke south of Mt Mulligan. These are R.14152, R.14153,
R.14154, R.14155 and R.14237. As scen in thin section their
textures suggest that the acid igneous material of which they
consist has been partly melted. The probable sequence of events
in the suggested melting of these inclusions is fairly well
shown by these specimens, and the descriptions that follow are
arranged in order from the least affected to the most.

Specimens R.14153 and R.14237 (Fig. x) are seen to
be xenomorphic and inequigranular rocks consisting of anhedral
crystals of heavily kaolinized perthite (45%), sericitized sodic
plagioclase (25%), quartz, and rare pseudomorphs of chlorite
and smectite after biotite. The grain-sizes range from 0.6 mm.
to 2.1 mm. . In these specimens granophyric material is
sparse and intergranular, and is concentrated mostly between
quartz and feldspar grains, although some occurs, in places,
between grains of feldspar. The granophyre may represent an
early stage in the melting of the xenoliths, particularly where
it is concentrated between quartz and feldspar; in this position
it represents quartzo-feldspathic material resulting from fusion
just above the eutectic melting point, of the quartz and feld-
spar. The granophyric material occurring in smaller amounts
between feldspar grains may be the same material that has
migrated slightly from a quartz-feldspar boundary.

Specimen R.14155 contains sinuous zones of granophyre
ranging up to 1 mm, in width, which separate complex, rather
lobate areas consisting of either plagioclase or quartz - these
minerals do not occur together in any one area; they are always
- separated by a zone of granophyre. Both the quartz and the
feldspar areas have curved and embayed margins as though they
have reacted with the granophyre. In each of their areas,
quartz and feldspar are separate from each other, and each forms
coarse, anhedral, and somewhat intergrown crystals (Fig. xi).
In this specimen, melting has gone a stage further, and the
granophyre represents the crystallized fused material.

Specimens R.14153 and R.14154 contain sparse grains
and multigrain fragments composed of gquartz or sodic plagioclase,
but again, nowhere do both occur together in one fragment.
These are enclosed in an abundant groundmass of granophyre,
and have embayed margins (Fig. xii). In fact, the rock gives
the impression of being a porphyritic granophyre, but instead
the embayed 'phenocrysts' are remnants within a xenolith that
has been almost completely fused.
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Specimen R.14152 from the xenolithic dyke south-
west of Mt Mulligan, An early stage in the
fusion of a xenolith, Micrographic material
may be seen on crystal boundaries. Crossed
nicols, X55. B.M.R., Negative No.G4991.

X313

Specimen R.14155 from the xenolithic dyke south-
west of Mt I\'llnlli:'_:v'"]']. A 1.*tl.:1 \_)'tﬂ.g._',l: in the
fusion of a xenolith, Feldspar (dark grey, top
and bottom of the photograph) almost entirely
separated from quertz (very palc grey to white,
photograph centre) by 1zﬂrophjrlc material. Note
the embayed and corroded form of the quartz.
Crosscd uicols X20, B.M.R. Negative No.G/4992.



Fige. xii: OSpecimen R.14153. A corroded grain of plag-
ioclase enclosed in 2 micrographic groundmass,
representing a late stage in the fusion of a
xenolith from the xenolith-rich dyke south-west
of Mt Mulligan. Crossed nicols, X25.

B.M.R. Negative No.G/4995.

These specimens illustrate extrcmely well the effect
of heating quartzo-feldspathic rocks above the eutectic melting
point of a mixture of quartz and feldspar. Fusion has taken
place, at first, at the boundaries between the two minerals.

In the case of some of these specimens, the temperature of the
enclosing magma was well above the quartz-feldspar eutectic
melting point, so that the zone of fusion between the two
minerals increased until eventually almost all the original
xenolithic material was melted; the end product in these slides
has the appearance of a porphyritic granophyre.

Hawkes (1929) has described, from Iceland, acid
igneocus xenoliths within a granite stock, in which fusion has
produced textures similar to those in R.14155. However, fusion
of acid inclusions by acid magmas are of rare occurrcnce.

Fusion of quartzo-feldspathic rocks by basaltic magmas has often
been described (Harker, 1939, pp. 68=9; Ackermann and Walker,
1960; Butler, 1961; Wyllie, 1961). In the references quoted,
the authors have described feldspathic sandstones which are
partly fused by basalt magma, and the earliest stages of fusion
are shown by the production of glass, or granophyric structures
(Harker, op. cit.), between quartz and feldspathic grains. In
these examples, the basalt forms o near-surface intrusion, and
the fused sandstones occur as part of the metamorphic aureole
around the intrusions. In the example described by Hawkes, it
appears that the fused inclusions have been brought up from
depth by the granite magma; this is also the case in the speci-
mens I have described, because the dyke does not intrude coarse-
grained igneous rocks at the surface, Hence, the fusion of

the xenoliths took place presumably at depth, prior to the
emplacement of the dyke. Even then, at depth, the magma must
have had a fair amount of excess heat in order to melt the
xenoliths, because, most often, granitic magma reacts with
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inclusions and brings them into chemical equilibrium with
itself, without fusion, and it may then disintegrate them
mechanically - a good example of this process is seen in the
Bibette granite of Alderney, in the English Channel Islands,
described by S.R. Nockolds in 1932, :

Thus, I consider that these xenoliths were picked up
and partly or almost completely fused by the dyke magma at
depth, prior to intrusion of the dyke material to its present
position. At depth, the magma must have been held at a high
temperature for a long while, in order that the fusion could
take place. I very much doubt if this process would occur in
the magma in the present position of the intrusion, because heat
would have been lost quickly to the surrounding country rocks.
In fact it is probable that by the time the intrusion took place
the magma was fairly cool, because another xenolith, R.14236
from the dyke north-west of Mt Mulligan, consists of a somewhat
metamorphosed probable acid volcanic rock that shows no sign of
having been fused, This xenclith may well have originated from
the Nychum Volcanics, against which the dyke is faulted in this
area. '

_ The degree of contamination of the dyke magma by the
fused xenolithic material is not known. It is possible that,
owing to the fact that acid magma is much more viscous than
basaltic magma, the xenolithic and magmatic liquids did not mix
at all freely. In Table XVI I have presented an analysis of
the dyke rock (R.10245), together with an analysis of the Herbert
River Granite. The dyke rock is very similar to the average
Herbert River Granite, the main differences being that it is
richer in Fe0O, and contains somewhat less SiOs. However, the
partly fused inclusions appear to be of a plu%onic acid igneous
rock which could not have appreciably affected the composition
of the original dyke magma,

The composition of the Almaden Granodiorite (ML653A
Table XVI) is seen to be considerably more basic than that of
the dyke rock. In Fig. xiii is shown a variation diagram
similar to that in Fig. ix (p. 37 ), and it is used here to
determine the composition and amount of the most acid rock that
the Almaden Granodiorite can assimilate in order to form the
dyke rock. The vertical line B in the diagram represents this
most acid rock, which contains no Mg0O; the vertical line A is
a hypothetical rock centaining 0.3% MgO. The compositions of
the hypothetical rocks A and B arec shown in Table XVII; both
are seen to be potash-rich granites. It can be read from
Pig. xiii that to form the dyke rock, the Almaden Granodiorite
would have to assimilate 90% of its own weight of material of
composition A and 75% of its own weight of B. It is, however,
very doubtful if the temperature of the Almaden Granodiorite
magma was high enough, or could be sustained for sufficient
time at a high temperature, for this to happen. Another
argument against the assimilation of this hypothetical material
by the Almaden Granodiorite is that the compositions of both
hypothetical rccks A and B are those of potash-rich granite,
whereas the inclusions obscrved with the microscope are
adamellitic and granodioritic.

To sumnmarize, the dyke is a hornblende-biotite _
adamellite that contains numercus inclusions in various stages
of fusion. The dyke magma is thought to have been only slightly
modified, if at all, by the inclusions, and is considered to be
more closely related to the Herbert River Granite than to the
Almaden Grancdiorite.
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TABLE XVI

Chemical analyses of Herbert River Granite,Almaden |
Grancdiorite, and the xenolithic dyke near Mt Mulligan

R.10245 Pgh M1653A
510g 70 .40 73.63 62.74
Alg0s | 12.70 13.80 16.66
Feo0z 0.25 0.53 1.81
Fe0 4.01 1.86 3.06
g0 0.46 0.56 2.06
ca0 1.51 1.66 4.67
Nag0 3.00 3.38 3.73
K20 . 4,85 4,03 2.15
Hp O+ 0.03 0.10 -
HoO- 1,47 0.48 2.15
Ti0o 0.48 0.16 0.25
MnO 0.04 0.04 0.08
Po0g - 0.13 0.10 0.04
COg 0.46 - -
99.79 100.3% 99.50

R.10245: Hornblende~biotite adamellite dyke rock.
Analysts: Sears and Rowley, A.M.D.L.

Pgh : Average of four analyses of Herbert River Granite.
Analysts: S.Baker and A. McLure, B.M.R.

M1653A : Almaden Granodiorite from Nolan's Creek (Morgan,
1961, p.24). Analyst: S. Baker B.M.R.
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TABLE XVII

Hypothetical chemical énalyses
derived from Figurec xiii

A B.
SiOz o 2B
ALy 0, 1843 11.8
Total iron oxide 4,2 " |
Cal . Tk 0.6
K50 5.1 5.6

THE ELTZARRTH CREEK GRANITE

A brief description of the aplegranite mentioned in
my earlier report (p.1l2) is given here. In hand specimen the
rock (R.10579) is pink, fresh, and massive, and has very sperse
quartz and feldspar phenocrysts enclosed in a medium-grained
groundmass. In thin section the specimen is seen to be
hypidiomorphic - granular, and has an average grain-size of
0.75 mm.; the rare phenocrysts range up to 4 mm. across. Quartz
is granular to interstitial and shows slight strain-effects
and cracking. Potash feldspar is tabular to anhedral; some of
its poikilitically encloses quartz, The potash feldspar contains



coarse exsolution lamellae and thin film lamellae, and is
slightly to moderately kaolinized,

crystals are tabular, and are slightly sericitized.

Zoned digoclase (15%)

Biotite

forms subhedral, somewhat distorted flskes, and is usually

pleochroic from pale straw to very dark smoky brown.
biotite is bleached and somewhat iron-stained.

Some
Accessory

black iron ore, zircon, and apatite were observed.

A modal analysis from o stained thin section of the
specimen showed the following mineral percentages:

potash

feldspar: 46.1, quartz: 35.2, plegioclase: 17.7, biotite: 0.8,

and accessories: 0.3.

No.
R.14163

Re.14164

R.14185

R.14166

R.14232
R.14233
R.14234

 R.14235

Acid Dykes

DYKE ROCKS

The rock is a leucocratic microgranite.

Included in this chapter are brief descriptions of
acid and basic dykes; their localities are given in Table XVIII.

TABLE XVITT

Localities and names of Dyke Rocks

Maple, Run 1, photo 127,
point Z2027B

Maytown

Mossman - Cairns Run 9,
photo 5023, point 2176B

Mossman - Cairns Run 9,
photo 5023, point 2176C

St George's River Run 7,
photo 115, point 143

-8t George's River hRun 9,

phote 85, point 160

Rumula Run 2, photo 697,
point 202

.9t George's River, Run 5,

photo 25, point 235

R.14166.

Chloritized and carbcnated porphyritic micro-adamellite.

Silicified and chlor-
itized albite dolerite

Carbonated, silicified,
and sericitized porphy-
ritic dclerite.

Keratophyre

Chloritized and carbon-
ated porphyritic micro-

adamellite

Altered olivine-bearing
dolerite

Granophyric and porphy-
ritic micro-adamellite

Granophyric and porphy-
ritic micro-adamellite

Granulated porphyritic
micro-adamellite.

fine-grained, and porphyritic.

In hand specimen the rock is mottled pinkish green,

In thin section its texture

is seen to be hypidiomorphic-granular; the average grain-size
of the groundmass is 0.02 mm., and the phenocrysts range up to

2 mm. across.

Quartz (30%) foruws small, somewhat embayed
- subhedral phenocrysts, and is anhedral in the groundmass.

feldspar (30%) is sub-poikilitic and moderately kaolinized.

Potash
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Plagioclase (25%) has a composition of about Angg, and forms
tabular phenocrysts and groundmass crystals; it is fairly
strongly carbonated and sericitized., Carbenate is inter-
stitial, and also occurs with leucoxene and epidote in segre-
gations (5%) that probably pseudomorph an unidentified ferro-
magnesian mineral. Hydrated iron oxide is intergranular.

R,14233. Granophyric and porphyritic micro-adamellite.

In hand specimen small phenocrysts of quartz and
feldspar are seen to be enclosed in a pale greenish-crean
aphanitic groundmass. In thin section the rock is seen to
consist of mierocline-perthite (40%), quartz (30%), plagioclase-
Anl5 (25%), and muscovite and pseudomorphed amphibole (5%).

The phenocrysts, 0.6 mm. across, tend to be clustered, and are
enclosed in a fine granophyric and spherulitic groundmass con-
sisting chiefly of quartz and alkali feldspar. Muscovite
occurs as fine flakes in the groundmass, and with chlorite in
the pseudomorphed amphibole.

h.14234. Granophyric and porphyritic micro-adamellite.

In thin section the specimen is porphyritic, the
phenocrysts -~ measuring about 0.4 am. across - being enclosed
in a hypidiomorphic, partly granophyric groundmass that has
an average grain-size of 0,1 mm. Potash feldspar (40%) is
moderately kaolinized, and forms stubby tabular to interstitial
crystals. The plagioclase (40%) is albite, and cccurs as
somewhat sericitized and saussuritized tabular phenocrysts and
groundmass crystals, commonly surrounded by a rim of granophyre.
Quartz (10%) forms poikilitic tc granophyric grains in the
groundmass; larger crystals have the appearance of being xenol-
ithic material. Amphibecle phenccrysts are pseudomorphed by
chlorite and smectite (10%); these two minerals also occur as
interstitial flakes in the groundmass. Accessory zircon,
apatite, and black iron ore were noted,

R.14235, Grenulated porphyritic micro-—adamellite.

The hand specimen is pale cream and sparsely porphy-
ritic. The phenocrysts are enclosed in a phaneritic groundmass
in which rare garnet may be seen. In thin scction the pheno-
crysts range up to 1.5 mm., and the average grain-size of the
groundmass is 0.4 mm. The hypidiomorphic texture is modified
by strain-effects and granulation; in places, granophyric inter-
growths between quartz and microperthite are present. The
phenccrysts consist of quartz and micreccline. The rock com-
prises plagioclase Anzs (40%), quartz (30%), microcline-perthite
(30%), and sparse muscovite flakes. Accessory minerals are
garnet and zircon.

Basic Dykes

'R.14163. Silicified and chloritized albite dclerite.

In hand specimen the rock is dark grey, amygdalcecidal,
and sparsely porphyritic. In thin section the texture is found
to be doleritic. Albite forms thin laths. Quartz, much of
which is probably introduced, is interstitial and poikilitiec,
and the one or two 'porphyritic'! grains are probably xenocrystic.

Prismatic pyroxene is pseudrmorphed by chlorite, luecoxene,
and haenatite. Chlorite forms interstitial fine grains.
Apatite is accesscry.

R.,14164, Carbonated, silicified, and sericitized porphyritic
Jolerite. : ’

The hand specimen is pale greenish-grey and fine-



grained. In thin section the texture is doleritic and porphy-
ritic. The phenocrysts, measuring 1 mm. across, are now
completely altered to calcite, which apparently pseudomorphs
plagicclase and ferro-magnesian minerals. In the ground-

mass completely sericitized and carbonated plagioclase occurs
as a typically doleritic meshwork of thin laths. These are
enclosed in anhedral quartz, which is maybe introduced.

R.14165. Keratophyre.

The hand specimen is dark grey and sparsely porphy-
ritic, the phenocrysts being enclosed in a phaneritic groundmass.
In thin section the rock is seen to consist of equal amounts of
albite and alkali feldspar. Albite forms randomly oriented
microlites, 0.1 mm. long, and is enclosed by poikilitic alkali
feldspar, Smaller quantities of interstitial chlorite are
present. The rare phenocrysts consist of plagioclase, potash
feldspar, and quartz.

R,14232. Altered olivine-bearing dolerite.

The hand specimen is grey, fine-~grained, and sparsely
porphyritic. In thin section the texture is seen to be doler—
itic. The rare phenocrysts consist of augite, plaginclase,
and serpentinized olivine, In the groundmass the plagioclase
(50%) with a composition of Angg forms slightly sericitized,
interlacing crystals. Augite %50%) cccurs as colourless
acicular to granular crystals that are only rarely in sub-
ophitic relationship to plagioclase, Green to olive-green
hornblende (10%) forms cutgrowths from augite, and occurs as
prismatic crystals that have small, irregular cores of augite.
Olivine (5%) is now entirely pseudomorphed by serpentine; the
pseudomorphed crystals are clustered, Rare quartz, v ich may
have been introduced, is interstitial, and some chlorite partly
replaces augite and hornblende, Accessory minerals consist
of leucoxene, acicular black iron oxide, sphene, and apatite.
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