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SUMMARY.

The Mount Harris Tin-field is situated 90 miles south-
east of Darwin and 30 miles north of Pine Creek, in the Northern
Territory of Australia. The field is In Lower Proter,ozoic
seciments intruded by a lobe of the Cullen Granite, which also is

. of Lower Proterozoic age. The ore mineral is cassiterite, which
occurs mainly in quartz-hematite breccias. The fissures are
asseciated . with faulting and folding. Cassiterite is also present
:in quartz veins and quartz breccias. Production to date is about
20 tons of metal from an estimated total, of between 300 tons and
500 tons of ore, giving an average grade of between 4% and 7% tin.

So little prospecting and development work has been done
on the field that a detailed assessment of its value is impossible.
Further development depends upon the availability of adequate
treatment plant within economic distance of potential producerS.
At present, the known probable ore reserves are 2,400 tons con-
taining 3% tin, at Mount Masson Mine. Possible ore reserves are •
between 9,000 tons and 13,000 tons, of which 3,000 tons from Mount
Masson Mine are of a grade of about 2% tin, and the remainder, from
Jessop's Lode, is of unknown grade. Detailed.sampling at Jessop's
Lode might result in a reduction 'of total reserves, but this could
be more than offset by the results of more detailed prospecting and
sampling at Mount Harris, Mount Masson, and Mount George.

The Maranboy Battery, during its 37 years of operation,
crushed an average of less than 1,500 tons of ore annually. On
that basis, a similar central battery installed on the Mount
Harris Tin-field has a present expectation of life of only seven
years to ten years. This is not sufficient to justify the
installation of a battery on simple economic grounds. However,
such a battery . would certainly stimulate prospecting, not only in -
the area under review, but also in adjoining areas, where cassi:.
terite is known to occur, and possible reserves might be raised to
an economic figure shortly after installation of the battery.

NTL_TRODILCTION.

LacalltY_AnAccePs
The Moult Harris Tin-field is withino the area bopded by

the 13°15". and 13 30' parallels and by the 131 45? and 132
meridians and is covered by the eastern half of the Ban Ban 1 mile
.map. It lies in the Agicondi Goldfield and is 20 miles north-east
of Grove Hill at its nearest point. grove Hill is 112 miles by
rail and 85 miles directly south-east of Darwin. Road access is
by the Stuart Highway to the 110-mile mark, thence 8 miles by
bitumen road to Fountain Head siding, - 5 miles by bush track to
Grove Hill, and by either of two bush tracks from Grove Hill. Of
the two bush tracks from Grove Hill, one leads to the south of the
area via Mount Wells, Maude Creek, and the Mary River; and the
other leads to the north, via Mount Masson Mine and' Mount Harris
leases, to the Mary River, with a branch track to Mount George Mine.,
A branch track connects Mount Wells and Mount Masson Mine. All
bush tracks are negotiable by landrover during most of the dry
season. The area is inaccessible for most of the wet season because
of the swampy McKinley river flats and the lack of bridges at the
numerous stream crossings.,

Histor and Previous Work

The area has been prospected for tin, gold, ana manganese,
at various times during the past 60 years. The earliest reference,
in the Annual Report for 1909 by the Director of Mines, Northern
Territory, mentions the discovery of alluvial gold at McKeddies
Diggings on Maude Creek in 1899. Tin was recorded from Mount George
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Mine in 1926; 1 ton of cassiterite concentrates was produced there
in 1927, and 8 tons were produced in the period 1st July 1950 to
30th June 1954. Cassiterite concentrates were produced from Mount
Masson Mine in 1942 (3 cwtsO and between 1st July 1947 and 30th
June 1951 (12 tons).

In June, 1956„ R. Harris found cassiterite in gullies
6 miles north at Mount George. This was followed by the discovery
of cassiterite lodes in the adjoining hills. An Authority to
Prospect was issued to R. Harris and K. Jessop and, after detailed
prospecting, L. mineral leases - now referred to as the Mount Harris
leases - were pegged. Further prospecting led to the pegging of
Jessop's Lode, near Mount Masson Mine, in July 1957. An option
over the Mount Harris and Jessop's leases.was acquired by Mount
Harris Tin Mines, No Liability, a company formed in 1958*as an
exploration company to investigate these leases.

The area was geologically surveyed by a Bureau of Mineral
Resources field party in 1954, during preparation of the 1 mile
Ban Ban map. The formation names used by this party have not been
altered. W.F. McQueen, of the Resident Geologists' - Office, Darwin,
submitted a preliminary report on the Mount Harris leaSessin
November, 1956. During September and October 1957, W.F. McQueen,
J. Ward, and P.R. Dunn, all of the Resident Geologists Office,
worked on the Mount Harris leases for short periods, surveying the
surface geology on a scale of 1 inch to 100 feet. The data so
compiled were used in a 1 inch to 200 feet map pUblished in a
preliminary report on the Mount Harris Tin-field by J. Haysp958)
of. the Resident Geologists' Office. J. Hays surveyed Jessop s
Lode on a scale of 1 inch to 100 feet, sampled some of the. deposits,
and did general redonnaissance of the area in October and November,
1957. A detailed investigation of the cassiterite deposits of the
area was started in July, 1958, by J. Hays. The programme. was
extended in September to include remapping of the whole of the
area covered by the Ban Ban East 1 mile sheet (Plate 1). W.F. -
McQueen joined J. Hays in October, 1958 and field work was
completed in November. Other areas were visited during the field
season.

This report details the results of the 1958 programme,
during which almost 200 square miles of country were mapped at
aerial photograph scalle (approximately 2 inches to 1 mile) and
100 square miles were mapped on the same scale by reconnaissance

:traverses across strike at intervals not exceeding half a mile.
Concomitantly with the remapping, all lodes discovered were sampled
'and panned for cassiterite. As a result of this sampling, arcaS
around Mount Harris, north of Jessop's Lode, and around Mount
Masson Mine, were mapped on a larger scale. Aerial photographs
enlarged to a scale of approximately L. inches to 1 mile were used
as base maps for the larger scale mapping. This mapping consisted
of sampling and mapping of individual lodes in relation to the
adjacent country, geological details of which were sketched in.
All samples taken were dollied and panned in the field and only
those samples which appeared to contain cassiterite were retained
for assay. The results are described in the section on economic
geology and details of the assays arc listed in Appendix 1. Assays
wore done^the Government Assayer, Minos Branch, Northern
Territory Administration, Alice Springs and some duplicate assays
were done by the South Australian Department of Mines.

aysical Features

The area includes part of the drainage basin of the .
Mary River and part of the Mary River/McKinley River interfluvc.
The McKinley.River drains a narrow belt of country in the west and
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south, the remainder being drained by the Mary River. The boundary
between the .coastal plain and the uplands of the Northern Territory
as defined by Noakes (1949) passes through the area but is not
a clearly defined feature. The edge of the uplands is dissected by
deep flat-bottomed valleys. The interfluvial ridges grade into
groups and lines of individual hills whose heights decrease
gradually towards the north. The relief is moderate (of the order
of 500 feet) but rugged, and steep-sided knife-edged ridges
alternate with narrow flat-bottomed valleys. The Maude Creek/
Mary River depression, in the centre and east of the area, is a
notable exception and consists of almost 100 square miles of flat
country at plain level. The general plain level is 400 feet
above sea level; summit levels range from 800 feet to 900 feet
above sea level; and Mount.George, approximately 900 feet above
sea level, is the highest point. Heights were measured by means of
a pocket barometer and no barograph was available at the base camp.

Climate

The area lies in the zone of monsoonal climate with a wet
season of L. to 5 months which generally starts late in November or
early in December and ends in March or April. The annual rainfall
ranges from 40 inches to 50 inches. The dry season is pleasantly
cool during June, July, and August.

SoI1s L Vemtation ang_Amicalture

Soils are alluvial on the Mary River flats and larger
valleys, and skeletal in the hills and smaller valleys.

Vegetation on the skeletal soils consists of thin grasses
and various types of Eucalypt. Fan palms are common in areas
underlain by slate, but are not restricted to such areas. The
alluvial soils, which are subject to seasonal flooding, are covered
by expanses of savannah woodland separated by seasonal swamps.

The land east of the Mary River is part of Goodparla
cattle station, and that west of the Mary River is part of Ban Ban
cattle station. Because of the poor feed and rugged nature of the
hills, neither portion is of much value to the cattle stations
concerned.

Water_Sualy

The area has no potential value for hydro-electric or
irrigation purposes but there are many suitable sites for small
dams and weirs if water is needed for mining operations. The
Mary River is perennial, with several large permanent water holes,
and the McKinley River and the larger creeks contain many large
water holes which have water even at the end of the dry season.

GEOLOGY

Sediments of the Masson, Golden Dyke, and Burrell Creek
Formations, usually ascribed to the Lower Proterozoic, are folded
along north-westerly axes into a large anticlinorium called the
Masson Anticline. The folding wab accompanied by crestal and cross
faulting and by the development of cleavage, parallel to the axial .
plane of the major fold, in the argillaceous beds. Jointing in the
same direction was developed in the arenaceous beds. Subsequently
the anticlinorium was invaded by a lobe of the Millen Granite, which,
in the Mary River area, is adamellitic'. The present boundary of the
granite is a series of faults marked by dissected fault-line scarps
and quartz fault rock. Cassiterite mineralisation, presumably
associated with the Cullen Granite, has been noted in the faults
and fractures developed before the intrusion of the granite, but
only vein quartz or quartz fault rock has been noted in the post- '-

granite faults.



Superficial deposits include sediments of Recent age in the Mary
River/Maude Creek area. These are overlain by ferricrete which,
in turn, is overlain by modern alluvium.

STRAT I.GRApNy

Lower Proterozoic

Masson Formation

The area is the type area of the Masson Formation, which
consists of interbedded arkose, quartzite, greywacke, and slate
with conglomerate lenses, and which includes the oldest rocks
exposed in the area. The formation crops out as the core of a
large anticlinorium called the Masson Anticline; the base of the
formation has not been identified. Near Mount Masson, it can be
divided into three arenaceous divisions seParated by two argilla-
ccous'ones. Drag-folding in all divisions is intense, and precise
determination of thickness is impossible. The following figures
are possible maximum thicknesses; all of them could have boon
exaggerated by folding. -

Upper arenaceous division
Argillaceous division
Middle arenaceous division
Argillaceous division
Lower arenaceous division

2,000 feet
1,500 feet
2,000 feet
1,500 feet

4- 5,000 feet

Thus, a total maximum thickness of more than 12,000 feet is
possible although the true thickness may be as little as 6,000 feet.
This figure is not applicable to the whole area. . Minor facies
changes along strike are common and there is one major change to
the south, where the middle and lower arenaceous divisions merge
into one arenaceous division. In the peri-anticlinal area north
of Mount Masson, it is impossible to identify the divisions because
of extensive faulting.

Each division consists of interbedded arenaceous and
argillaceous sediments; the arenaceous ones contains between 30%
and 50% arenites and rudites and between 70% and 50% of lutites; and
the argillaceous divisions contain between 80% and 90% of lutites.
The thicknesses of individual beds range from 1 foot to as much as
300 feet. Difficulty in following any particular bed along strike
is usually due to drag-folding, but could be due to facies changes.

The arenaceous sediments consist mostly of buff-coloured
medium-grained rocks which have a thin dark-grey siliceous skin on
exposed surfaces. The major constituents are quartz, in angular
to rounded grains, and feldspars, in angular fragments. The
cement is siliceous and Slightly ferruginous. The feldspar frag-
ments may be so large that the rock becomes an arkosic grit. On
some specimens it is possible to identify chlorite and sericite in
the matrix but it is impossible to tell, from hand examination,
whether to classify such specimens as'greywacke or regionally
metamorphosed arkose of very low grade. Graded bedding has been
noted but is not common. Current bedding, accentuated by surface
silicification, was observed on several large boulders, but was
seldom seen in situ. Because of difficulty in determining the
attitude of the outcrops, the few observations made were of little
value in deducing the provenance of the sediments, although an
easterly provenance was indicated by some of the bedding.

Conglomerate lenses were noted in several places. The
best developed lens crops out, near Mount Masson Mine, along the
presumed axial plane of the Masson Anticline, and consists of well
rounded quartz pebbles, 1 inch in diameter, in a matrix of arkosic
quartzite.

PF
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The argillaccous sediments, in outcrop, are buff coloured, or red
and buff banded, slates. The spoil heap from the water shaft at
Mount Masson Mine contains material in all stages of the transition
from buff slate to black graphitic pyritic slate, indicating that•
the slate is derived from carbonaceous pyritic sediments. Unfor-
tunately the shaft, which is approximately 110 feet deep, is unsafe,
and the depth at which the transition takes place cannot be
determined. No other information on the depth of transition is

•^available and it is impossible to decide how much of the weathering
of the slate is a modern phenomenon. Cleavage is vertical, parallel
to the axial plane of the Masson Anticline. The cleavage is so
well developed that bedding is usually Obscured, but on the Mary
River, near the Adam Creek confluence, and near Mount Masson Mine,
the attitude of the bedding ranges between p8ralle1 and perpendi-
cular to the cleavage, which maintains a 340 strike. Brecciation
. has been noted in drag-folded areas but is not so pronounced as in
the Golden Dyke Formation.

The upper limit of the Masson Formation is taken as the
top of the upper arenaceous division.

In the extreme south-west of the area, near the McKinley
River, there are a few scattered outorops of fine-grained sandstone
whose stratigraphic position is obscure. The sandstone has been
mapped as Masson Formation and is thought to mark the western
flank of a large subsidiary syncline on the west side of the main
anticlinorium. The sandstone is finer grained than is usual in the
Masson Formation and may belong to the transition zone between the
Golden Dyke and Burrell Creek Formations.

Golden Dxle,Formation

The Masson Formation is overlain conformably.by slate
which differs considerably from the slate of the Masson Formation.
The lower part of the slate, mapped separately with an arbitrary
upper boundary as Lower Golden Dyle Formation, is rich in iron and
manganese oxides and chert. It is succeeded by slate with chert
followed by slate without chert; these two types of slate have not
been separated in the field and have been mapped as Golden Dye
and/or Burrell Creek Formations. The sediments were very carbona-
ceous and pyritic in the lower part of the sequence but became less
carbonaceous and pyritic as sedimentation continued.

Lower . Golden Dyge_Formation. The basal beds of the slate which
succeeds the Masson Formation vary in colour, in outcrop, from deep
red to dark brown, and are intimately associated with basic
intrusives, thought to be altered quartz-dolerite sills injected
during sedimentation. Chert is abundant and occurs as nodules
between 1 inch and 2 inches in diameter, as lenses between 1 inch
and L. inches thick and 2 feet in diameter, and as bands up to 6
inches thick. The slate is so rich in iron and manganese oxides
that gcssan occurs at many outcrops and several outcrops have been
pegged as manganese leases. Silty and quartzitic bands occur within
the slate which is more heterogeneous than any other horizon in
the area mapped.

The stratigraphic position of the iron-rich cherty slate
corresponds to that of the Gibson Creek Member of the Golden Dyke
Formation in the Woolwonga area (Dow and Pritchard, 1958). There
is a superficial similarity between the two sequences but there are
significant differences. The Gibson Creek Member includes slump
breccias of which full descriptions are not available: No such
breccias have been noted in the Mount Harris Tin-field. However,
there are numerous exposures of fold breccias in every drag-folded
area. These breccias consist of large angular fragments of silt-
stone, shale, chert, and vein quartz in a hematitic, siliceous,
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manganese-rich matrix, with anastomosing quartz veins. The slate
is intensely drag-folded in the brecciated areas, many of the
drag-folds being incongruous, in contrast to the drag-folds in the
adjoining sandstone which are accordant with the main folding. The
association between folding, drag-folding, and brecciation is
constant, indicating that the breccias are caused by folding.
Further proof of. the origin of the breccias is that rock fragments
have sharp outlines and show no tendency to merge into the matrix,
which is,predominantly of Chemical origin. There is no sign of
truncation of the crumpled, brecciated beds by younger sediments.
The excellent development of the breccias in the Lower Golden Dyke
Formation as compared with the Masson Formation is due to the more
heterogeneous nature of the former. The rapid alternation of thin
beds of rocks of very different characteristics, and the abundanee
of easily remobilized constituents, account for the ease with
which brocciation has taken place in the Golden Dyke Formation..

These basal beds, with the associated dolerite sills,
have a thickness of the order of 500 feet, exaggerated by drag-
folding to more than 1,000 feet.

gEppr_golden_Dyke_Formation. There is a rapid transition upwards
from the basal beds into buff to very light grey slate in which .

are many thin bands of chart. Most of the chart bands are less than
6 inches thick and no exposure has been seen in which the
proportion of chart approaches 10-- of the total rock. Many
exposures are free from chert and it is estimated that less than 5%
of the sequence consists of chart bands. However, because of the
durable nature of the chart, and the susceptibility to weathering
of the slate (which is somewhat lateritized), the hills in which
the formation OCCUPS tend to be gently rounded and so covered with
chart rubble that chert appears to be the dominant rock type. The
chart fragments have chalky white porous skins, and areas underlain
by slate with chart are readily recognisable on the ground or in
aerial photographs because of this whiteness.

The thickness of the slate with chart is of the order of
500 feet to 1,000 feet and there is a gradual transition upwards
in the north-west of thc area into buff slate without chart,
similar to slate of the Masson and Burrell Creek Formations, The
top of the slate is not seen in the area and it is not known whether
the slate is overlain by, or constitutes part of, the Burrell Creek
Formation. The thickness of the chart-free slate is not less
than 1,000 feet and may be much more than that. Because of the
absence of any evidence of a break in sedimentation, no attempt was
made to subdivide the slate with chart from the slate without chcrt.

Bedding in al the slates is generally parallel to or
obliterated by the 340 regional cleavage, although at one
exposure bedding, marked by a thin line of chert pebbles, was
inclined at 40 to cleavage.

Burrell Creek Formation

In the south-west and west of the area buff slate
without chert crops out as small residuals on the McKinley River
flats, and the slate appears to occupy the same stratigraphic
position as the Upper Golden Dyke Formation. Because this slate

" had been mapped by earlier workers as Burrell Creek Formation,
reconnaissance Pas extended into the Ban Ban West area, to decide
whether, in this area,. the Golden Dyke Formation was the cor-
relative of the Burrell Creek Formation. Two possible explanations
of the relationship were noted: either the Burrell Creek Formation
is the equivalent of the whole of the Masson Formation and Golden
Dyke Formation, the facies changes from east to west having .
produced greater uniformity in the sequence, particularly as
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regards the Lower Golden Dyke ..i.Tormation; or else there is extensive
strike faulting which has thrown Burrell Creek slate against
similar Upper Golden Dyke slate. There is a little circumstantial
evidence of strike faulting in the south-west, where the slate is
shattered along a north-north-westerly line, but the scarcity and
lack of continuity of outcrops and the certainty that facies
changes are common in the sequence make it impossible to decide
which alternative is correct.

Post-Miocene Sediments,

ArkoPe 4 114_PlaY

There are several outcrops of poorly consolidated
sediments in Minglo Creek (which runs into the Mary River from the
east). The sediments consist of arkose, probably derived from the
Cullen Granite, and clay. The only difference between the
weathered granite and arkose is that current bedding can be
recognised in the arkose. The upper portion of each exposure is
highly ferruginous and appears to have been overlain by ferricrete,
a coarse conglomerate with a sandy ferruginous matrix, which crops
out about 200 feet east of the bank of the stream at a height of
about 3 feet above the sediments. A few exposures of similar
arkose and clay were noted in Maude Creek. It is not known
whether the sediments arc relics of a post-Miocene alluviation or
whether they were deposited in a post-Miocene lake. As so little
is known about their origin and distribution, they have not been
named.

Ferricrete

The most extensive superficial deposit in the area is a
conglomerate, which crops out in every flat-bottomed valley examined
and forms the flat bottom of each valley. It consists of rounded to
angular boulders of local rocks with a sandy, highly ferruginous
matrix. In the smaller valleys, most of the contained boulders
are angular and appear to be derived from the adjoining interfluves.
In the bigger valleys, the provenance of the boulders is more -
varied and extensive, and sub-angular to rounded boulders are
common. The maximum thickness noted is of the order of 20 feet
but the height range is of the order of 200 feet. The highest
occurrence is on the Mary River/McKinley River interfluve, about
600 feet above sea level, and the lowest is in the Mary River
valley, about 400 feet above sea level. The surface of the
conglomerate appears to be a depositional one gradually increasing
in height as the source of the material is approached.

The full extent of the conglomerate is not known.
Similar rocks crop out on the coast near Darwin, in the Pine Creek
area, and throughout the Finniss River area. Christian and
Stewart (1946) have described similar rocks from the Finniss River
area as "lake laterite", and White (1954) has used the term
"detrital laterite". Neither term is acceptable as the deposit is
not a laterite nor des it contain an abnormal proportion of
lateritic detritus, although the original source of the ferruginous
cement may be the ferruginous zone of lateritization. The term
ferricretc, as defined by Holmes (Rice, 1956), is more suitable and
descriptive and has been adopted in preference to the other terms.

Alluvium

The ferricrete is covered by a skin of alluvial sand and
clay ranging in thickness from loss than one inch near the heads of
small valleys to an average of 6 feet in the Mary River, and to a
maximum of 50 feet in local depressions (such as infilled ox-bows).
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IGNEOUS INTRUSIVES

Cullen Granite
-r

A lobe of the CUllen Granite crops out in the Mary River/
Maude Creek depression, intruding the cast flank and perianticline
of the Masson anticlinorium. It is a coarse-grained rock ranging
in colour from brownish grey to pinkish grey. The grain size is
generally of the order of a quarter of an inch, but at many
exposures the granite has a porphyritic texture caused by
phenocrysts of microcline-perthite that have a maximum length of
1 inch. Rosiwal analysis in the field gave the mean composition
as: feldspar 60% (estimated to consist of equal amounts of
plagioclase and microcline), quartz 25%, and ferromagnesian
minerals (mostly biotite with subsidiary hornblende) 15%.
Petrological descriptions ar thin sections are given in Appendix 2.

• There arc several noteworthy features of the granite.
The metamorphic aureole is very narrow (of the order of 300 feet)

•and discontinuous. Greisening is almost non-existent, there are
no known pegmatite veins, and the only evidence of metasomatism is
a little tourmalinization at Mount George Mine. In the granite
itself quartz veins are very rare and the abundant quartz veins in
the country rock appear to be more closely related to tectonic
activity than to intrusion. Although exposures of granite arc not
abundant except near the edge of the lobe, there appears to be no
marked variation in grain Size and there is no trace of a chilled
margin; nor is there any evidence of contamination of the granite
near the margins or in the centre. Normal granite crops out within
1 foot of slightly metamorphosed country rock. Where the
metamorphic aureole exists, it is normal but . narrow, Metamorphosed

*^lutitic rocks include hornfelses in which porphyroblasts of
. cordierite and andalusite, in many cases recognisable macro-
scopically, are common. Thermal metamorphism of arenaceous rocks
is less obvious, but embryo metacrysts of plagioclase were
recognised in thin sections numbers 4117 and 4118.

Miner Intrusives

The lower portion of the Golden Dyke Formation has been
intruded by a sill or series of sills of quartz dolerite. All.

. specimens examined were soda-rich and had been subject to
• albitization early in their history. Full'petrological

descriptions are given in Appendix 2. The associated country rocks
are abnormally rich in chert, iron, and manganese. The sill was
folded at the same time as the sediments. The association of
albitization with sediments - rich 'in iron and manganese oxides and
silica, in an area in which . arkose and greywacke type sediments are
abundant, is noteworthy. It is suggested that the sill is spilitic
and was intruded into, or extruded subaqueously upon, unconsoli-
dated sediment. A similar rock, found in the Masson Formation may
be an older member of the same suite or a feeder dyke.

The Burrell Creek or Upper Golden Dyke Formation contains
several thin bands of what appear to be chilled dolerite. They
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differ from the chert bands of the formation in that they have
developed a pitted ferruginous skin which is in marked contrast to
the chalky skin of the chert bands. One specimen, tentatively
identified by W.J. Oldershaw as a quartz-albite dacite - , could be
albite-rich chert or even chilled spilite. The ground mass is so
finethat only chemical analysis could determine the true nature of
the rock.

STRUCTURE

Folding

The main structure in the Masson Formation is an
asymmetrical anticlinorium called the Masson Anticline. This
major fold plunges north-westerly at about 30 0 , its maximum outcrop
width is of the order of 10 miles, and its limbs dip steeply west
or vertically.

The peri-anticline is clearly exposed in the northern
part of the area, and the western flank of the fold continues south
without interruption. The eastern flank is broken by peri-
anticlinal faults and cut off by the Cullen Granite. Because of
the uncertainty produced by these factors, it is impossible to
decide the stratigraphic position of the arkose ridges north-east
of the Mary River, nor can their relationship to the main fold be
confirmed. The position of the axis of the main fold has been
deduced from drag-fold data and appears to be a few hundred yards
west of, and parallel to, the western margin of the granite. If
that is correct, the Mary River flats may be underlain by a small
syncline in Masson Formation slate, and the arkose ridges may belong
to a second major fold in the middle and lower divisions of the
formation..

The McKinley River flats may conceal a large syncline
west of the main fold in the Golden Dyke and Burrell Creek
Formations but scarcity of exposures and the possibility of strike
faulting make relations difficult to determine.

Along the western side of the Masson Anticline are
large subsidiary folds whose maximum outcrop width is about half a
mile. All the subsidiary folds arc congruous, having axes parallel
to the axis of the main fold and plunging north-westerly. Some
of them are isoclinal with dips steeply west or vertical, and.
shearing may OCCI1T in the axial zones. Folding is more severe and
regular in the incompetent argillaceous Golden Dyke Formation than
in the competent, more arenaceous Masson Formation. Consequently,
the strike of the Golden Dyke Formation tends to be uniformly
north-westerly, almost parallel to the fold axes, whereas the
strike of the Masson Formation varies from north-westerly on the
limbs of the anticline to north-easterly and even easterly in the
peri-anticline. This produces an impression of a swing in regional
strike, in the central area, that coincides with the margin of the
Cullen Granite. During the early stages of the investigation, this
swing was attributed to the buttressing effect of the Cullen
Granite during folding. In fact, the manner in which the granite
transects folds proves that folding 'preceded intrusion.

In the incompetent beds, intense drag-folding has taken
place in the axial zones and along the limbs of the subsidiary folds
Individual folds range in width from about 1 inch to 200 feet or
more. Where the folded strata consist of alternating hard and
soft bands, such as the slate.and chert bands of the Golden Dyke
Formation, brecciation is common. Quartz-hematite veins in such
drag-folded areas appear to be tectonic features caused by migration
of quartz and hematite, under pressure, into cavities produced
during folding. ^the veins are brecciated, which indicates I(
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either than vein formation could have proceeded concomitantly with
folding or that there was a later phase of tectonic activity.

All the argillaceous beds in the area have a well
developed vertical slaty cleavage which strikes at 3400 , parallel
to the axial planes of the major and subsidiary folds. For that
reason it is thought that the cleavage is the result of folding
and is not related to the Cullen Granite. The close, steeply
plunging folds, with abundant associated shears, are typical
cleavage folds.

FaultLaa_and Minor . Fractures

There is^little direct evidence of faulting in the
area and only one fault, the fault along Adam Creek, can be
regarded as established beyond reasonable doubt. There is
considerable indirect evidence of faulting, although it is
difficult to locate the exact fault lines. The indirect evidence
includes photo-linear features, shearing, brecciation and quartz
veining, abnormal development of large barren quartz veins,
possible truncation of folds, cutting out of well defined
lithological horizons, the existence of possible fault lines or
fault scarps, and the occurrence of ferricrete•at two levels.

The fault along Adam Creek is exposed one mile west of
the Mary River/Adam Creek confluence as a large mass of barren
white amorphous quartz. Its northerly extension, if any, is
concealed by ferricrete. To the south, it. can be traced as large
masses of quartz, trending at 210 0 , along the line of Adam Creek,
for almost 5 miles to the Mount George Mine track. The creek runs
along the foot of a well defined, deeply dissected fault line scarp,
about 300 feet high, formed in Masson Formation arkose. The arkose
has been shattered and resealed by quartz veinlets near the fault.
South of the track to Mount George Mine, the fault crosses a pos-
sible 250 6 trending fault and/then appears to form the boundary of
the Cullen Granite for more than 1 mile. The granite boundary
then swings sharply south and the fault fades out. Its possible
extension is marked by a deeply dissected, poorly defined fault
line scarp which fades out completely one mile west of Mount
George Mine. The 250° cross fault forms a well defined fault line
scarp facing 'north for three miles west of the Adam Creek fault but
its easterly continuation is doubtful and can be identified only ac
quartz in a belt of shattered rock.

A syncline in the most northerly part of the Golden Dyke
Formation is duplicated by a short north-west fault which fades to
the south-east into a series of quartz-hematite breccias which
splay out and finally fade out completely. The upper arenaceous
division of the Masson Formation is cut out on the east of this
syncline either by faulting or by fades change. Faulting is the
probable reason as there is no evidence of fades change before
the supposed fault and there are abundant quartz veinlets along the
line of the assumed fault.

. The boundary of the Cullen Granite is thought to be
'extensively faulted. Most of the north-eastern part of the margin
is so well concealed beneath alluvium and ferricrete that there is
no indication of its nature. A normal contact is inferred in the
east where andalusite crystals up to half an inch long are formed
in slate of the Masson Formation. The remainder of the contact
zone is marked by scarps which may be fault or fault-line scarps,.
by a discontinuous aureole of low grade thermal metamorphism, and
by continuous lines of barren quartz veins. . Theti-is no chilled
margin to the granite. In the south, in continuation of the line
of the quartz veins, the metamorphic aureole includes schistose
rocks rich in muscovite, and it is possible that the schistosity ft.
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(which is parallel to the contact) was produced by dynamic
metamorphism. Unfortunately the schistose zone is highly ferrugi-
nized and deeply weathered and field relations are Obscure. The
streams on the granite side of the metamorphic aureole are well
graded in the granite area and youthful in the sediments. On the
sediment side of the contact, the streams are graded back to the
watershed. This lack of symmetry across the aureole may be the
result of post-ferricrete faulting, as the ferricrete above the
granite is almost 30 feet lower than that above the sediments in
several places. If the differences in stream grading were caused
by differential erosion of granite, aureole, and sediments, no
variation in level would be expected in the ferricrete whidh else-
where is remarkably uniform. If faulting is the explanation for
the asymmetry, the sediments have been raised relative to the
granite, a reversal of the postulated older movement. .

Strike faulting is suspected in the area between Mount
George Mine and McKeddies Diggings, wftere several large quartz
veins follow the strikd of the Masson Formation for several miles.
Two such veins crop out along a photo-linear feature which extends
from a point half a mile west of Mount George Mine for about 5 milea

on a bearing of 170 0. The arkose near the veins is silicified and
broken by abundant anastomosing quartz veinlets. Shearing has been
noted along one side of a. dolerito dyke which crops out on the
southwards extension of the feature.

The Mount Masson Mine and Jessop's Lode are situated on
sinuous photo-geological feature several miles long with a general
northerly trend and marked by quartz-hematite brecdias. This
feature and a parallel feature 1 mile to the west may be strike
faults or wide shatter belt.

No detailed study of Joints was made but two sets of
nearly vertical jopata bearing 3400 and 2600 were noted throughout
the area. The 340 set is thought to correspond to the cleavage of
the slate and to have been produced during folding. South-east of
the Maude Creek depression, near the granite, there are many .
quartz veins which follow the same trends and also quartz veins
which appear to have no regional trend. These are thought to be
associated with intrusion of the granite either directly or by
re-opening of established joints. Other joint systems have been
Observed, associated with faulting. In many places, there are so
many joints that arkose outcrops and quartz veins stand out as dry-
stone walls.

GEOMORPHOLOGY.

The most striking feature of the area is the approximate
accordance of the great majority of hill tops that decrease in
height from south to north. This accordance stretches far beyond
the area, on all sides, and indicates the existence of a dissected
peneplain tilted gently to the north.

Flat-topped hills do not occur within the mapped area
but are abundant outside, particularly to the south, where they
merge with the upland surface. Most of the flat-topped hills have
remnants of the lateritic cap, which may be imposed upon Cretaceous
sediments, and arc a few feet higher than the sharp ridges. It
appears, therefore, that the dissected peneplain represented by the
hills in the Mount Harris area is the same as the one represented
by the adjacent flat-topped hills but at a more advanced stage of
dissection. This peneplain is thought to be of Miocene age (Noakes'
1949) and now dips gently northwards with a mean gradient of the
ardor of 10 feet per mile, merging with a younger surface approxi-
mately 15 miles from the coast. This younger surface, the modern
coastal-plain surface, has a gradient of less than 5 feet per mile.

5
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'The hills are separated by partially filled valleys which r

in their lower reaches, are steep-sided and flat-bottomed, and in
which rejuvenation caused by recent uplift has resulted in incised
meanders and valey-in-valley forms. Upstream the valley profile
tends to be a narrow V, the change in profile taking place at the
upper limit of deposition of ferricrete deposits, which occur in
all the valleys. The existence of the ferricrete, which has been
recognised over large areas of the coastal plain, implies that the
modern coastal-plain surface is depositional. However, bedrock is
exposed below the ferricrete in many of the incised streams and it
is probable that an erosional coastal plain lies beneath the
depositional one. If this is the case, then the deVelopment of
the modern landscape is the result of pediplanation operating on
the upwarped Miocene peneplain. The sharp ridges, which are a
little below the level of the Miocene peneplain, are produced by
the meeting of local scarps that have encroached upon residuals from
all sides; the flat-topped residuals in adjacent areas arc bounded
by receding local scarps; and the main upland area is being reduced
by the gradual retreat of a poorly defined major scarp.

The initial development of the scarps appears to be
caused by the down-cutting of consequent streams, followed by
lateral recession of the valley scarps. One of the major
consequent streams was the Mary River, which, by capture of
adjacent consequent streams, has extended its course in a series of
northerly and north-westerly zig-zags. At each change of course
from north-west to north, there is a northerly running tributary.
The gig-zagging, well marked in the Ban Ban area, persists into the
Woolwonga area, dying out on the coastal plain. The northerly
direction corresponds to the slope of the Miocene PenePlain. The
north-westerly direction is the major structural trend, corres-
ponding both to strike and cleavage. Maude Creek may be an example.
of the headwaters of one master consequent stream recaptured by the
adjacent captured consequent stream.

In areas possessing the major structural trend, a trellis
drainage pattern shows the manner in which subsequent streams are
controlled by structure. In the Mary River/Maude Creek depression,
underlain by granite and horizontally bedded sediments of Reeant
age, the drainage pattern is dendritic.

GEOLOGICAL HISTORY

The earliest phase in the history of the area was
deposition of the Lower Proterozoic sediments. Observations of
current bedding and fades changes indicate that the provenance of
the sediments was in the east or south-east and that deposition was
initiated in a littoral or deltaic environment which gradually
become more neritic as sedimentation lagged behind subsidence.

Sedimentation was followed by severe folding accompanied
by the development of slaty cleavage and possibly by some faulting.
Folding was followed by intrusion of the Cullen Granite. This
sequence of events is typical of a complete erogenic cycle as.
developed near the flank of a geosyncline.

Completion of the erogenic cycle was followed by faulting,
along the granite contact, of unknown age.

The first recognisable post-Precambrian event to have a
trace in the area is the formation of the mid-Tertiary (or Miocene)
peneplain. Completion of peneplanation and its associated
lateritization WES followed by the initiation of the modern cycle
of erosion. Five phases of this cycle can be recognized: initial
dissection by pediplanation; deposition of pre-ferricrete beds in
Mingle and Maude Creeks; deposition of ferricrete; deposition of
post-ferricrete alluvium; and, finally, the start of dissection of
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the ferricrete. The cycle may perhaps have been interrupted by
minor faulting after deposition of the ferricrete.

ECONOMIC GEOLOGY.

Minerals of potential economic value in the area are
oxides of manganese, iron, and tin. The two former are associated
with the Golden Dyke Formation and, to date, no deposits of
economic grade have been noted. However, it is possible that
small deposits of pyrolusite have been formed during lateritization
or later weathering. Two leases are known to have been held in the
past, but there has been no recorded production. One of the
leases is current, but no details of the occurrence are available.

Mining operations and production of cassiterite have
been restricted to four groups of leases: Mount George area,
Mount Masson area, Mount Harris area, and Jessop's Lode. Under-
ground mining operations have been attempted only at Mount Masson,
on a modest scale. The other groups of claims have been worked by
small open cuts and, to. date, no attempt has been made to estimate
ore reserves or plan a mining programme. Jessop's Lode is being
explored by Mount Harris Tin Mines N.L. and local prospectors have
started work at Mount George Mine. Production figures and
historical details have been extracted from Annual Reports of the
Director of Mines, Northern Territory Administration, for the
period 1899 to 1958.

Nature of the Lodes.

The whole area cOntains a large number of brecciated
quartz-hematite and quartz-limonite lodes of various types.
Because such lodes are associated with cassiterite in the areas
described below, it was necessary to sample all the lodes mapped,
in order to ascertain the regional distribution of tin. One
problem which hampered field work was caused by a jasperoid
mineral, possibly silicified limonite and hematite, which, after
rough crushing and panning, formed a pronounced khaki-coloured tail
which was thought to be cassiterite. Careful fine grinding was
necessary before this mineral could be removed by panning. Its
existence may explain the local remours that all the breccias
contain cassiterite. As a result of the preliminary sampling and
panning, the lodes were divided into two groups with a zonal
distribution related to the margin of the Cullen Granite. The
expression Quartz-hematite Breccia is used to describe all the
lodes although limonite is dominant in many.

The Outer Zone, which coincides with the area underlain
by the Golden7byke Formation, contains only traces of tin. All
the "lodes" examined in this group appear to be related to shearing
and drag-folding in the iron-rich Lower Golden Dyke or were gossans
formed over the iron-rich beds. The lodes are more abundant in
anticlines than in synclines. It is supposed that pyrite or
hematite and quartz were mobilized during the intense folding of
the Golden Dyke Formation and re-deposited in saddle reefs, open
shears, and joints. Suitable openings for re-deposition would be
more abundant in anticlines than in synclines and thus account for
the present distribution. Continued or subsequent movement resulted
in brecciation of the lodes. At a later stage in the history of .
the area, gossanous caps were formed over lodes and iron-rich beds.

The Inner Zone, wholly within the Masson Formation, is
three miles wide and borders the Cullen Granite. Forty-six out-
crops from this zone and from part of the outer Zone were selected (ç
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for sampling and subsequent assay. The results confirmed that all
the outer zone lodes are almost barren. Assay results from the
inner zone showed a range of tin content from traces to about 5%,
excluding the high values of the Mount Harris leases.

The lodes of the inner zone appear to be of at least
three types. Some are similar to the lodes in the Golden Dyke
Formation and are associated with drag-foldlng. All the
recognized lodes of this type were gossanous quartz-hematite
breccias and contained little or no tin.

Many lodes are not obviously related to drag-folds and
have a constant trend parallel to the axis of the Masson Anticline.
These are thought, to be formed in tension gashes produced during
folding. Many of the Mount Harris lodes are of this type. The en
echelon group on the east side of the leases, although nearly
parallel to the fold axis, is thought to be related to a possible .
fault which ends at the Cullen Granite. The fault was inferred
from field data before the en echelon arrangement of the lodes was
recognised. The Mount George lodes could occupy tension gashes,
but if so the gashes are more likely to be a ssociated with the
intrusion of the Cullen'Granite than with the earlier folding, as
they are parallel to the margin of the granite.

T he Mount Masson and Jessop's lodes are along one
continuous line which is not parallel to the axis of the main fold
and is not clearly, related to ,drag-folding. The line is part of a
sinuous photo-linear feature, 16 miles long, whose trend varies
between north-north-east and north-north-west. The photo-linear
feature appears to be caused by a series of lines of gossan but
there is no clear evidence of faulting along the line'. The .
extension of the line north of Jessop's Lode was examined in detail
and appears to be caused by a fortuitous colinear arrangement of a
Golden Dyke Formation gossan and Jessop's Lode. It is not certain
whether the Mount Masson Mine and Jessop's Lode deposits were
formed along a large shatter belt and ought to be classed with the
Mount Harris lodes, or whether the Mount Masson lode is a mineral-
ized fault breccia, formed in a strike fault which grades north-
wards into a small shatter belt. In the latter case, another
type of lode is defined. The result of the exploration at Jessop's
Lote indicates that all or part of any quartz-hematite breccia may
be detrital.

MOUNT GEORGE AREA

The Mount 'George Mine (Plate 4) was the first from which
cassiterite was produced in the district. The initial output of
1 ton of concentrates in. 1927 was at a time when the price of tin
was falling rapidly. There is no record of work between 1927 and.
1950, but' in the latter year, when the price of tin rose rapidly
from about £500 per ton to about £1,000 per ton, work was resumed.
From July 1950 to June 1954 a series of open cuts was dug along a
north-south line and 7 tons of concentrates were produced. From
1954 to 1959 there is no record of work or production, but in June
1959 a syndicate of local prospectors took over the leases and is
now investigating the main line of lode.

The series of open cuts has an estimated total volume of
less than 3,000 cubic feet, and of the rock extracted, about half
is stacked near the biggest cut, anOhas not been treated. The
1,500 cubic feet of material which has been treated - . approximately
120 tons weight - is reputed to be the only source of the .8 tons
of concentrates produced. If this is the case, the grade of the
treated ore must have been high. The ore was Upgraded by primitive
methods before being sent to Maranboy Battery for treatment and
extraction losses are thought to have been excessive. Most of the
untreated Material appears to have been sorted out as too low grade



15.

for the extraction methods available, although there are small
dumps of high grade ore.

Three quarters of the total excavation is acccunted for
by the large southern open cut. A shaft and short drive are
reported to have been dug from this open cut, but if so they have
been covered by rubble or filled in. The open cut tapers out
into scratchings in a barren shear at the north end, but the south
end, above the reported shaft, is covered by a pile of rubble.

The sides of the cute contain many thin stringers of
cassiterite crystals, both with and without associated quartz.
The stringers occupy any convenient crack, and show no marked
directional control, although all the open cuts are elongated
along the same north-south line.

The lode was not seen in situ, but examination of the
sumps and open cuts and analysis of local verbal reports indicate
that the lode was a quartz-cassiterite vein with little or no
accessary muscovite and tourmaline. Brecciated stringers of quartz-
cassiterite-hematite are known within the main lode and are thought
to have been hand-picked because of their high grade. The country
rocks are steeply dipping interbedded arkose (or greywackc) and
andalusite slate of the Masson Formation, striking north. The main
line of lode is parallel to the strike. Any metasomatism af the
country rock has been obscured by lateritization and weathering.
It is estimated that the base of the Miocene lateritic profile lies
a few feet below the excavations.

The line of lode persists as a photo-linear feature for
5 miles south and south-east to Lucy's Diggings on Maude Creek,
where the feature is recognisable as a quartz lode 3 feet thick
containing a little muscovite and cassiterite. Between Mount
George Mine and Lucy's Diggings, the photo-linear feature is
represented by a series of quartz veins. These appear to be barren
but a similar barren quartz vein occurs within 200 feet of the rich
pockets at Mount George. The cassiterite deposits along the line .
may, therefore, have been formed in fractures associated with a
line of quartz veins or have been disrupted by younger quartz veins.
In either case deposits are not likely to be continuous along the
five-mile long feature.

The present operators have exposed a continuation of the
main lode about 200 feet north of the southern open cut and intend
cleaning out the shaft. Until this work has been done, it is
impossible to assess the potential of tha leases. However, the
lodes are close to the main mass of granite, within the metamorphic
aureole, and because of that offer more scope for improvement in
depth than any of the other known lodes.

Mount Masson Area.

The lodes at Mount Masson (Plate 4) were first worked in
1942. There is no record of work between 1942 and 1947 but during
1947 A.H. Connell discovered the main lode (Mount Masson Mine),
and interest was revived. The Aurous Mining Company N.L. took over
the leases, installed some plant, and started development work.
The company - was reconstructed and renamed Mount Masson Tin Mining
Company N.L in 1949. The leases were transferred to E. W. Shannon
in 1955. Iri 1942 3 Owt. of cassiterite concentrates were produced.
The recorded output of 12 tons of cassiterite concentrates during
the period 1st July 1947 to 30th June 1941 was extracted from
development ore. A little additional development work has been done
since 1951 and there have been several abortive attempts to raise
capital.
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• The main lode crops out on the southern slope of Mount
Masson for a distance of 400 feet and most of the work has been done
on this lode. A possible extension crops out on the hill south of
Mount Masson. Both lodes are on a northerly trending line which is
a possible continuation of the line of Jessop's Lode. A second
lode is parallel to the main lode and 200 yards to the east. The
country rocks are arkose and slate of the Masson Formation. Both
lodes are gossanous quartz-hematite breccias in which there is no
visible cassiterite and which dip steeply. The workings on the
main lode consist of a main adit 240 feet long, along the line of
lode, at a depth of 60 feet below the top of Mount Masson; an
inclined shaft, from the adit'to the surface, 130 feet from the
entrance to the adit; a winze l 28 feet deep, in lode, 125 feet from
the entrance; and two corsscuts, in barren ground, 45 feet from the
entrance. A water shaft on the line of the main lode intersected
lodes of reputedly high grade at depths of 20 feet, 82 feet, and
about 120 feet.. Available assay details from company reports do
not confirm the high grade. The grade was 1.80% tin at 20 feet and
0.20% tin at 82 feet (McDonald, 1951). Mr. K. peatson, Inspector
of Mines, states that lode material on the spoil heap from the
water 'shaft was quartz-hematite breccia. An adit into the south
hill was stated to be in barren ground by local residents. It was
not examined as it was considered unsafe.

The lode in the main adit is offset to the east by a
small fault at 160 feet and there may be a series of en echelon
lodes instead of one continuous lode. Near the main lode, the
country rock contains many thin veinlets of quartz and cassiterite,
in which the cassiterite occurs as clusters of black crystals whose
diameter ranges from 1/16 inch to 1/4 inch, but their relationship
to the main lode is not apparent.

Beatson (1955) estimated that 800 tons of ore were in
situ above the main adit and that 400 tons were contained in a
dump outside the adit. Sampling by P. Grenning . of United Uranium
N.L. indicated that Beatson's estimate on tonnage in situ was
conservative. Present estimates of probable ore above the main
adit, based on the sampling, are 1,000 tons of 3.2% tin plus 400
tons of 0.5% tin. The ore in the dump has not been sampled, but
most or all of it must have been taken from the high-grade portion
of lode so that a grade of about 5% tin can be expected. Probable
ore below the main adit is of the order of 1,000 tons of between
2% and 2.5% tin. Possible ore below this amounts to 3,000 tons of
about 2% tin. Data from the other lodes on the leases are not
sufficient to allow estimates to be made. The total probable and
possible tin reserves are thus in excess of 5,000 tons of 2% tin or
higher grade but there are no proved reserves.

South and east of the Mount Masson Mine workings are
several quartzhematite brcccias worthy of more detailed examination.
Such examination would include costcaning and pitting. In
addition, the present (July 1959) leassec, Mr. E. W. Shannon, has
reported the discovery of several lodes on the Mount Masson leases
since they were examined during this investigation.

Jessuals Lode

Jessop's Lode (Plates 2 ard 5) is 1 mile north of Mount
• Masson Mine, on the same photo-linear feature. It was discovered

in J,ly 1957, and from July to December 1957, about 150 tons of ore,
yiel6ing more than 10 tons af cassiterite concentrates were
extracted. From July 1958 to July 1959 the leases were under
option to Mount Harris Tin Mines N.L. who explored the lode by
means of shafts and costcans. 'The cassitcrite deposits crop out on
the two sections of a north-trending ridge which is cut by a small
saddle and which is composed of Masson Formation slate with thin
quartzite interbeds. The lessees restarted mining when Mount
Harris Tin Mines N.L. gave up the option.
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Southern Section

The southern section is clearly defined and is a quartz-
hematite breccia,.600 feet long, dipping between 50 0 west and 72°
west and ranging in thickness from 3 feet to 5 feet The breccia
consists of angular fragments of vein quartz and country rock in
a ferruginous matrix, and it is thought to be a fault breccia.
The amount of movement along the fault appears to have been slight,
as broken thin quartzite bands can be traced in the breccia and the
fragments of the bands are never more than 1 inch apart. In the
extreme south the breccia forms the face of a west-facing scarp
about 30 feet high. Farther north the breccia is separated from
the scarp face by a few feet of country rock and is obscured by
masses of gessanous breccia which has formed in situ above, and
grades into, the lode. This southern section of the lode was
worked by an open cut from its northern end and most of the
cassiterite produced from the deposit was taken from the open cut..
Estimates of grade of extracted material range from about 6%, in
the preliminary report (Hays, 1958), to about 12%, in the prospec-
tus of Mount Harris Tin Mines N.L. and various press reports.

Because of the high grade, an inclined shaft, Number 1
Shaft, was sunk near the entrance of the open cut. The shaft
was intended to follow the lode but entered country rock at 14
feet, passing through the lode into the footwall. The shaft was
continued to 50 feet with no further indication of lode, and a
corsscut was then driven westwards for 16 feet without exposing
lode material. The shaft was deepened to 72 feet without
encountering lode. No further exploration was done at Number l'
Shaft, but a costean was dug across the line of lode, north of the
open cut, and exposed two thin stringers of no economic value.•
This indicated that the southern section of the lode pinched out
at the small saddle.

The quartz-hematite breccia appeared to continue in a
southerly direction, its position being indicated by a line of low
gossanous outcrops. Several costeans across the supposed line
intersected several thin stringers of quartz-hematite, indicating
that the breccia pinches out to the south.

The deposit is interpreted as a brecciated fissure,
possibly one of a 'series of fissures marking the splaying and
fading out of the Mount Masson fault line, which has been
mineralized. In thin section, the quartz-hematite breccia is seen
to consist of angular fragments of quartz and cassiterite with
a colloform coating of hydrated iron oxides. The quartz and
cassiterite both show evidence of crushing. Mineralization must,
therefore, have preceded brecciation, although there could have
been an earlier phase of brecciation during the formation of the
original fissure. Ferruginization followed brecciation and was
followed, in turn, by silicification along cracks and joints and by
the formation, in places, of gossan. In one specimen collected .
from the main outcrop, siliceous veinlets appear to have followed
cracks in gossah.

The lode differs from others in the field in the complete
absence of quartz-cassiterite veinlets in the country rock.
Presumably the slate, which constitutes the bulk of the rock at
Jessops, was less susceptible to small-scale fracturing than the
massive competent arkose common at Mount Harris, Mount Masson, and
Mount George.

Northern Section

The northern section of the deposits, which had been
exploited by a small open cut in overburden, was explored by a
vertical shaft, Number 2 Shaft. This stopped in country rock at
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22 feet after passing through cemented scree consisting of boulders
of slate,.greywacke, and quartz-hematite breccia cemented by porona
sandy ferruginous material. The interstitial material appeared to
be rich in cassiterite but random chip samples of the included
boulders were of consistently low grade. Several costeans were
dug across the supposed line of lode but all intersected the scree
deposit and no lode was found. The detrital deposit may be an
accumulation of debris from the lode, almost in situ, built up
during the dissection of the Miocene land surface. It is possible
that the high-grade ore extracted from the large open cut in the
southern section of the deposit was detrital in part, and that
there is a gradation from lode to detrital breccia. If this is the
case, the average grade throughout the true lode may be considerably
lower than that estimated from the open cut, where the ore would be
enriched by mechanical resorting. Since field work ended, a large
pit has been dug at the northern end of the small open cut. The
pit is 30 feet in diameter at the lip, tapering to 6 feet at the
bottom and is about 20 feet. deep. The extracted material, all of
which is being treated as ore, consists of poorly sorted detrital
material.^oulders of slate, vein quartz, and quartz-hematite
breccia are embedded in a matrix of hematite, cassiteritc, and quartz
sand. Much of the detritus is unconsolidated but irregular
patches of it have been cemented by or adhered to an unidentified
mineral which has an opalescent appearance and which was thought.
to be some form of silica. Most of the altered material has a
hardness of about 3 so that the alteration is not silicification.
Despite the softness of the irregular patches, many of them outcrop
upon. the surface of the detrital deposit and such outcrops were,
in the early stages of the investigation, mapped as the extension
of the Southern lode. Full production figures from the pit are
not yet available and the average grade of the extracted material
is not known. At one stage half a ton of concentrates grading
50-55% tin was being produced daily from about 8 tons of ore. This
corresPonds to a recovery grade of about 3% tin and a mill grade of
botween 4% and 6% tin.

General

The results of the exploration to date show that the
original drilling proposals (Hays, 1958) are not warranted.
Drilling in the detrital deposit in the hopes of finding the parent
lode is out of the question because, at present, there is no
indication of the presence of such a lode beneath the deposit.
Drilling in the lode would have to be on a close grid pattern
because of the wide range of values obtained in the small amount •

of sampling which has been done to date. The cost of such
drilling is likely to be excessive when considered in relation to
the expected reserves. Jessop t s Lode, which was originally thought
to be almost 1,000 feet long, with a possible extonsibn southwards
for more than 1,000 feet, has been proved to be restricted to the
southern section is not more than 600 feet long, and is of unknown
but probably very restricted depth. Ifthe depth of ore in Number 1
Shaft is representative of the depth of ore for the full 600 feet
of the lode, possible reserves are of the order of 2,000 tons for
a 1 foot thickness of lode, or a total of between 6,000 tons and
10,000 tons. Estimates of grade cannot be given because detailed
channel sampling has not yet been done and the ore extracted may
not be typical of the remainder. The detrital deposit in the
northern section has not been explored in sufficient detail to
allow reliable estimates of available tonnage to be made.

North of Jessop's Lode is a long line of gossanous
outcrop which was thought to be an extension of the Jessopts line
but which, in fact, is a gossanous cap formed over iron-rich rocks
of the Golden Dyke Formation. The only cassiterite detected in any
part of the line was at its intersection with Billy Can Creek. An
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estimated total width of 7 feet of gossanous cap assayed 0.13% tin.
At this point the gossanous cap is similar to the cap near the
detrital deposit at Jessop's Lode and a similar origin may be
indicated.

Mount Harris Leases

The Mount Harris lodes (Plates 3 and 6) were discovered
in June 1956, and production from June 1956 to July 1957 consisted
of 18 tons of hand-picked ore of. an average grade of 17.5% tin
(buyer's assay). The leases are flanked on the west by the Adam
Creek fault and on the east by a series of en echelon quartz- .
hematite breccias. Between these two features are many lines of
quartz breccia and quartz-hematite breccia of which two have north-
easterly trends and the remaindertrend north-north-west. The
members of the en echelon series of lodes have a north-north-
westerly individual trend and a northerly series trend. The
country rock is arkose and banded slate of the Masson Formation
exposed in the peri-anticline of either a subsidiary fold on the
north-east of the Masson Anticline or a faulted repetition of the
main fold. The regional joint pattern is well displayed except
near the en echelon series of lodes, where there the dominant
point directions are 300 0 and 200 .

East Side of Leases

The rugged terrain, with steep rubble-covered slopes and
narrow flat-bottomed ferricrete-floored valleys, is such that lode
continuity can seldom be established, but the en echelon series on
the cast side of the leases runs along the crest of an arkosc
ridge and each member stands out clearly because of a gossanous
cap. In the series there are nine such lodes all dipping vertica117
ranging in length from 100 feet to 600 feet, the combined length
being of the order of 3,000 feet. The gossanous cap makes
estimation of the thickness impossible, except by comparison with

. the Mount Massen lode 6r Jessop's Lode. At both these places the
gossan cap on a lode 5 feet thick spreads over a total width of
50 feet. As the average width of gossan at Mount Harris is about
25 feet, the lode thickness may perhaps be about 2 feet 6 inches.
The gossanous material contains little or no cassiteritc but
grades into quartz-hematite breccia in which cassiterite can be
detected by panning. Because true widths could not be determined
without excavation, the lodes were not sampled in detail, but one
grab sample of breccia was taken and assayed as a check on panning
results. Pan estimates were of the order of 1% tin, and the
chemical assay (Sample Number 278) was 2.049% tin. About 10,000
tons of gossan and breeds are expwed along the crest of the

. ridge.

The lodes arc thought to occupy tension gashes
associated with a north-south pre-granite fault which has been
inferred from scanty field and photo evidence. Their depth is
expected to be low in relation to their lengths, and by analogy
with Jessop's Lode, the maximum depth may be of the order of only
50 feet. Even such a depth implies reserves of the order of
10,000 tons for an average lode thickness of 1 foot and further
investigation is warranted.

West Side of Leases

On the west, of the leases, quartz-hematite breccias form
prominent outcrops of the crest of a sinuous north trending ridge
of arkote, and follow the trends of the joint pattern. Although
the two main lodes can be traced for 1,000 feet and 800 feet
respectively, cassiterite distribution is very erratic. At one
place samples taken within 2 feet of each other assayed 0.047% tin
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and 6.95% tin and many panned samples contained little or no
cassiteritc. Exploration of these lodes will involve removal of
all rubble, and very detailed sampling.

The most interesting lode exposure in the area is in a
small open cut on the western side of Margaret lease. Most of the
production of 18 tons of hand-picked ore came from this open cut.
The open cut has been excavated in arkosc of the Masson Formation
in which a large irregular vein of quartz, 6 foot thick dipping 200
north, and associated with soft, possibly metasomatised arkose, is
broken by veinlets of quartz, quartz-cassiterite, and quartz-
homatite-cassiterito. Tho bedding of the arkose, where recognised,
is vertical and striking north. Two smaller open cuts, 300 feet
and 150 foot north-north-west of the first one, have exposed
similar material. The sequence of events appears to have been as
follows:

1. Mineralization and motasomatism along a fissure that
dipped 20° north. This involved the formation of an
irregular quartz vein and, possibly during a later
phase of the mineralization, quartz-cassitcrite
stringers.

2. Open cracks were caused in the quartz vein and
associated country rock by post mineralization
movement.

Broken fragments of vein material in the cracks
were cemented by iron oxides during forruginization.
The ferruginization is thought to be earlier than
the mid-Tertiary latoritization because it extends
to a depth of more than 100 foot below the limits
of latcritization.

General

Between the two arkosc ridges arc several rubble-covered
slate hills on which are numerous outcrops of vein quartz and
quartz-hematite breccia. Most of these are arranged in linear
groups along the 340° joint direction and others outcrop along
the line of a pozsible north-east fault. Although many of thorn
contain cassitorite- Sample Number 2727 from the north-west of
Bessie lease assayed 24.35% tin - it is doubtful whether any justify
further exploration at present. Consideration could be given to
exploring them if the lodes on the cast or west are worked.

Mineralization is not restricted to the area covered by
the leases af Messrs. Jessop and Harris. Nelson Number 1 and
Number 2 leases are held by Messrs. Nelson and Grenvold, north and
south of the Mount Harris groups, but sampling results from those
are not very favourable. The highest assay obtained was from a
hand picked sample which contained 1.53% tin. A second hand-picked
sample contained 1.22% tin, but chip samples over thotull width of
lode at several places contained less than 0.4% tin. All the
lodes examined were quartz-hematite breccias, some of which were
gossanous.

The Nelson leases and Mount Harris leases are all on the
east side of the fault along Adam Creek. West of and parallel to
the fault is a rectangle, half a mile wide and 2 miles long, in
which several lodes wore sampled. Assay values ranged from 2.73%
tin (over a 2-foot width of lode) to nil. The most northerly of
these lodes is a possible extension of the en echelon series on the
east Plank of Mount Harris. It is a hematite-rich vein, 1 foot
thick, of indeterminate but probably short length, in an arkose
ridge in which brecciation and sealing by quartz voinlots is common.

Vt-
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The assay value of a sample over the full width of 1 foot was
1.95% tin. In the south-west corner of the rectangle a small
costean in the side of a steep hill had exposed 0:quartz vein, in
which there was only a little hematite. This.assayed 2.73% tin over
the full apparent width of 2 feet. Between these two exposures is -
a line of en echelon quartz-hematite brecciated gessanous lades
in which the tin content ranges from traces to 1.36%. The true
thickness and length of individual lodes is obscured by the
gossanous cap.

All the lades examined, with the exception of the small
quartz-cassiterite veinlets, are brecciated, although the Mount .
George lodes, not yet seen in situ, may be less brecciated than the
others. In hand specimens the breccias consist of angular fragments
of vein quartz and country rock, ranging in size from mall grains
to large boulders, cemented by iron oxides. The iron oxides are
mostly limonite but hematite is common. Cassiterite is visible to
the naked eye only in phenomenally rich material. Specimens from
the Mount Harris leases that assayed more than 20% tin were
identical with specimens from adjacent lodes that contained no
trace of tin. In thin sections the quartz grains and fra'gments
are seen to be shattered and to have undulose extinction and
strain shadows. Cassiterite, similarly deformed, occurs in grains

sand euhedral crystals ranging in diameter from 0.06 mm to 1.5 mm.
In a few of the lodes, there was a tendency for ehemical assays
to be greater than pan assays. In extreme cases, at Bessie lease
and the detrital deposit at Jessop t s, cassiteritc could not be
panned from material which assayed 20% tin. This was attributed
to the presence of iron oxide-coated cassiterite dust. It was
thought that grinding with a hammer on a pan was not sufficient to
release the cassiterite which was being rejected as iron oxides..
No such material has been identified although Dallwits (Appendix
2 p 33) has recognised goethite replacing cassiterite. Such an
association, if common, might account for slightly higher chemical
assays than pan assays but would not explain great differences.
Both minerals are ',cemented by hydrated iron oxides which have a
well developed colloform texture. The sequence of events leading
up to the formation of the breccias appears to be as follows:

1. Fissure formation. The fissures were related to the
main folding, to pre-granite faulting (possibly occurring
concomitantly with folding) and to intrusion.

2. Mineralization.

3. Brecciation, involving comminution of much of the
quartz and cassiterite deposited in (2.).

4. Ferruginization. The age of the ferruginization is
not known, but as it persists to depths of at least
300 feet below the projected Miocene land surface, it
is thought to have been independent of and earlier than
the latcritization of that surface. As there seems to
be a direct relationship between the degree of breccia-
tion and degree of ferruginization, it is possible that
these processes were pone-contemporaneous.

It is probable that gossan caps formed over many of the
lodes during lateritization. Some of the boulders in the detrital
deposit at Jessopis Lode appear to be gossan, both with and
without associated breccia. Since the dissection of the Miocene
land surface, =bre gosSans have been formed at many different
levels in the area.
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The forma ion of the breccias is analogous with the
major sequence of e-ents in the area, in which minerali:"ation
substituted for intHusion of the Cullen Granite. 'from this and
apparent zonal rela . ,ionship between granite and casiteritfit
be supposed that thre is a genetic relationsl-lip totwcen
of the granite and mineralization. The scarcity of greisening,t.
absence of other metasomatic effects in the ar- . ja^rocks
lack of gangue minerals other than quartz and a small quai:Lity c .

tourmaline, may imply that either the genetic relationship is not a
normal tin zone, milcA of which, like the metamorphic aureole, has
been cut out by fauLing.

Near the M)unt Harris•Fount Masson, and Mount George
lodes are numerous cracks ia the country rock, sealed by quartz-
cassiterite stringerE, These, toLether with the Margaret lode at
Mount Harris and, peraaps, the main lode at Mount George Mine may
indicate that the par•;nt mineralization is hypothermal.

2UTURE PROSPECTS. 

At the precnt stage of development it is difficult to
forecast the future of the tinfield. Even at the deposits which
have been worked, data ..'or the computation of reserves are
inadequate but all the r'eposits are thought to be small.

Although the ,ampling results show that not all the
existing lodes 'are bein; worked, it is thought that the biggest snr'
richest are Jessops, Mount Harris, and Mount Masson; and that th..)
chance of finding deposits of equal size is poor. Mount Masson
reserves total 5,400 -Loons of'combined probEble and possible orc,
Subsidiary lodes neri the main workings are unlikely to expand
figure greatly. ' Th south section at Jess - ps contains about
10,000 tons of stanniferous materlal the grlde of which is u -nkn:,-
The detrital depos:;. - Et Jessbp's may contain may contain the sa_fl,'
amount. To^may^added 10,000 tons of visible gossenou -
and roceriiented detrital qL.artz hematite at Mt. Harris but ;110
content of this material is'extremely irregular and ranges f?orA
traces to 24%. An average glade for this mnterial cannot be gf ,ro

Beneath the quartz-hematite may'be further ,:assiterite lodes.
35,000 tons of stanniferous material mar oc_ur in the area on c.ur.
rently held leases. As large depOsits are nknown, production is
expected to be supplied y gougers and smalL syndicates that it is
doubtful whether probable reseryes will eve- amount to more than
one or two years outpin. Proved reserves w_11 be restricted to
ore which has been broKen in stopes.

Ore treatment is a problem as there is no treatmen pl•

available for custom work within economic range of any of the
deposits. A small plant has been installed on the Mary Rive:?
Messrs. Harris and Jessop but its capacity is less than 2,C00
per annum, and it cannot be Operated during the rainy season.
Unless a central custom battery can be built, mining in thc ar
likely to be restricted to sparetime gouging and the devel-I,
JeSsop's lode. Details of the production at Maranboy Tinff
(Walpole, 1958) are quoted as a guide to requirements befor
..installation of a' battery can be recommended. In 37 ycars
operation, the Maranboy battery treated 48,900 tons of mac-
Yeidl of 800 tons of tin metal. ' In only six yon^did
treated 'exceed 2,000 tons. The ann11,- _...,rctge for tho^p,.

was less than 1,500 tons. 'A Government opL-atcd cc,nuval ba ..tcr,
In effect, an indirect subsidy to small scale producers and operL
)-11g losses arc to be expected. It would not be possible, , -Ivriev,.

to justify the installation of such a battery until possible ]2:;., .

at leasf ,of the order of the total production at Maranbby are
available.
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It is neeessary, therefore, to do detailed prospecting
in the surrounding areas as well as increasing the amount of
sampling and exploration on current leases. The areas" arouna
Mt. Harris, and between Mt. Masson Mine and Mt. George Mine, are thn
most favourable.

Quartz hematite breccias containing cassiterite are
known near the Mt. Harris leases and both areas contain small
stringers of quartz-cassiterite. Furthermore, learning and panning
can be done in gullies in which cassiterite sheddings have not been
buried beneath ferricrete„ and on arkose-greywacke ridges on which
outcrops of lode may be found. Expansion of the present possible
reserves from a hoped-for 35,000 tons to mare than 50,000 tons'
depends on the discovery of several small deposits as well as the
confirmation of the extent of the deposits being worked.

The picture is improved if the Burrundie district is
included in the area to be served by a battery. Ore, remaining at
Mount Wells Mine, near Burrundie siding, is inadequate for a large
company but a minimum estimate is about 10,000 tons. There may be
a considerably larger tonnage available, Past records for this mine
indicate an average grade, by recovery, of about leo Tin.

Several leases are current near Mount Wells, and the
Mavis Alice group, L. miles northwest, is being worked by a small
syndicate. Production to date has been restricted to less than
10 cwt, of hand picked are. It is doubtful whether the reserves
from this source will exceed 2,000 tons. Small parcels of
cassiterite are produced from time to time by gougers in the
Burrundie-Boomlera area, south of Mount Wells, and several mall
cassiterite occurrences, have been recorded in the area.

It is possible that installation of a battery would so
stimulate prospecting in the area that. adequate reserves would be
discovered in . a relatively short time.

If a battery is constructed, a site at Mount Wells mine
would have the advantage of accessibility throughout the year,

• (except to Mount Harris producers), availability to potential
producers over a large area (particularly if capable of treating a
variety of ores), and an adequate water supply. Sites on the Mary
and McKinley rivers would have adequate water and be more convenien: -

to Mount Harris producers, but would be inaccessible from all
deposits for several months each year unless all-weather roads are
constructed. Whatever area is selected, potential low-grade
producers elsewhere will be discouraged unless subsidised transport
is available.
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APPENDIX I

SamplinEjleallts - Mount Harris Tin-fie1d.

(Assay figures supplied by Government Assayer, Alice
Springs, except where otherwise

stated.)
Vie^ allIallftsair....-eesalmseauellraseeseirmak+1, •^ •••••■•10.1.•

Sample No. %Tin Width
(Inches) Locality^Remarks

•••^

Area North-west of Mount Harris Leases

•

2756

2743
2754
2744
2741
2731
2729

2728

2727
2719
2318
2713
2742
2714
2712
2752
2748
2751
2759
2013

2011
2012

Nil

1.95
0.31
1.0

1.22
0.195

6.954

2.049

24.351
0.39
0.24
0.317
1.53
0.171
0.341
0.09

2.73
Nil

Nil

0.047

22.491

0.13

Plate 3
^12"^

Plate 3

^

24"
^

Plate 3

^

24"
^

Plate 3
^72"^

Plato 3

^

72"
^

Plate 3.
^12"^

Plates 3

^48"^
Plates . 3

^24"^
Plates 3

^48"^
Plato 3

^42"^
Plate 3

^60"^
Plate 3

^

36"
^

Plate 3

^

60"
^

Plate 3.

^

48"
^

Plato 3

^24"^
Plate 3

^

24"
^

Plato 3
Plato 3

^ONO
^ Plato 3

Plato 5

^18"^Plate 5

^54"^Plate 5

North end of lode
South end of lode

5
5
5

Grab sample -
Buffalo open cut.
Margaret open cut.'

Country rock -
Margaret open cut.

Mount Masson-Mount Gcorze Area
2707^0.80^36"^Plato 4

2701^4.02^24"^Plate 4
2715^0.39^96".^Plate 4
2717^0.09^24"^Plate 4
2702^Trace^96"^Plato 4
2703^Trace^43"^Plate 4
2704^Trace^36"^0.6 miles from

2702. Brg. 240°

2705^Nil^1 mile from
2703. Brg. 310°

2706^0.34^48"^1 mile west of
2705.

Not included on
Plate 4 because
of low grade.
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Sample No. % Tin Width
_CInches1 Locality Remarks

2708 0.38 24" 2 miles north-
west of 2706. Not included on

2709 0,36 24" 2.25 miles north
west of 2706.

Plate 4 because
of low grade.

8601 3.6 30", Mount Masson adit
50' from portal

8602 3•9 ,^48" 70'
8603 6.6 27" It90'
8604 3.1 28" 110?

8605 2.1 39" 130'
8606 0.7 48" 150g^" Channel samples'

by United Uranium
8607 1.2 15" It150'
8608

8609
0.4
0.6

13"

18"

I t195'^"
tI215

8610 0.5 36" S t235'^"
8611 0.2 36" Wins° from adit

at - 5'

8612 4.2 36" Winze from adit
at - 15 1

8613 1.4 36" Wins() from adit
at - 25'

Jessop!s Lodc

2733

2734

Nil

Nil

No. 2 Shaft cast
face at 20'
No.^2 'Shaft cast
face at 17'6"

Chip samples of
boulders in
detritus.

2735 Nil No.^2 Shaft cast
face at 10'

2736 0.70 No. 2 Shaft west
face at 10'

2737 1.61 No. 1 Shaft west
fa ce at 12'

2738 Trace No. 1 Shaft cast
face at 12' Chip samples

across face.
2739 0.95 No. 1 Shaft cast

face at 6'
2740 9.10 No. 1 Shaft west

face at 6'
2724 1.025 No. 1 Shaft Chip sample of 14

feet of lode.
2725 19.37 North open cut Bulk sample.
2726 0.56 No. 2 Shaft at

16 feet
Boulder of quartz-
hematite breccia.

2001 0,366 12" Plato 6 ) Channel sample
2002 0,993 18" Plate 6 at south end of
2003 0.854 18" Plate 6

/

Jessop's Lode.^/Ae

20014 0.260 12" Plate 6
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Sample No. % Tin^Width Locality^Remarks
alle*^tlYni.J../.0+

   

2005^10.600.^Plate 6

2007^1.478^Plato 6

2008^2.589^Plate 6

2009^12.534^Plato 6

2010^2.636^Plato 6

Sample of float.

Grab Samples of
broken ore in south
open cut .Jessopls.

Lode.
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APPENDIX 2.

Petrological Descriof Rocks from the Mount Harris
Tin-f^Northern Terri:Cc=

1.^RRElanPqlXACIAEEE2hgPe4 Pe]4tic RPcics

by

W.R. Morgan

(Specimens 1, 2, and 3 are of slate from the Mount
Masson Mine watershaft; Specimen S4 is from the Mary River near the
treatment plant; and S5 was collected from a point 21 miles due
west of Mount Masson.) (Hays)

Si ! Slide No. 1896. Shaft at Mount. Masson

Hand Specimen. Tho rock is fine-grained, with a slightly irregular
slaty cleavage cutting the bedding at right angles to the latter's
direction. The bedding is shown by alternating light and dark grey
bands, which have thicknesses ranging between 0.5 cm. and 3 cm.
Round to cubic-shaped cavities are present, having an average size
of 0.5 mm.

Thin Section. In texture, the rock is fine-grained, and has a
FOUT—ETria7logicaI lineation approximately parallel to the rock's
cleavage.

The darker bands consist of 35% carbonaceous Material,
35% sericite (with some chlorite), and 30% quartz and feldspar.

Carbonaceous material is present as minute, somewhat
irregular granules, strung out in lines parallel to the rock's
cleavage. Sometimes the grains are enclosed in the other minerals.
Sericite and chlorite form flakes which have a fairly general
orientation, but showing a slight tendency to be lineated in a
direction slightly Oblique to the direction of the strung out
carbonaceous material. This may account for the slightly
irregular cleavage described in the hand specimen. Quartz and
feldspar form granular grains, sometimes elongated in the
direction of the cleavage,. The feldspar is possibly albite; it
has a refractive index less than that of Canada balsam.

The lighter bands contairi.much less carbonaceous material ;
only about 5% being present. The remaining minerals are similar
to those in the darker bands, but present in greater quantities.

Several square-shaped cavities Were noted in the section;
these were probably, at one time, occupied by pyrites. Very often
a vein of sericite or quartz is present on the surfaces of the
cavities. A little hydrated iron oxide is present as small blebs
in the rock.

The rock is carbonaceous slate.

S2, Slide No. 8 . Shaft at Mount Masson.

Hand S cimen. The rock is fine-grained, and is dominantly light
grey, with two thin dark bands, one 0,5 mm thick, the other being
3 mm. thick. The latter grades into the pale material on the side
away from the first band. A rough cleavage is present, cutting
across the bands. Grains of pyrites are present, some forming
clusters elongated in the direction of cleavage.

Thin section. The specimen is fine-grained, with a rough lineation
of the micaceous minerals in the direction of cleavage. The t,0darker bands of the hand specimen contain carbonaceous material,
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which is practically absent in the lighter layers. • In the latter,
about 30% of the. reek consists of • small, rounded. flakes . of .a
greenish brown biotite, whieh is very slightly pleochroic. About
45% of the rock consists of minute, -rather tabular flakes ece
seridite. The remainder appears to consist of granular quartz,'
sometimes elongated in the .direction of the 'cleavage. . Some,^•
grains of .quartz .are • rathcr . larger than-the general groundmasa;
here, the:mica flakes . :are wrapped around them. . Occasional•wery
thin quartz-rich layer-s are present 'running parallel to .the
banding. • • Those layers tend to be di scont inuous, and are s ometimes
represented •by a line of . "balls" of • quartz grains.

. • ' .A little micro-faulting .„. possibly an incipient false
cleavage , is present 9 running , in a direct ion at r ight angles to. , the
slaty cleavage.

•
The rock is a algte•

S3^Slide No. 3898. Shaft. at Mount •'Masson
.^.

Hand Specimen. The rock is very fine-grained, with a slaty cicavist&•
cutting t-h=ithological layering at an angle of approximately 35
The specimen consists, for the most part, of dull greenish grey
material, containing three layers, from 2 to LI- mm. thick, of darker
carbonaceous material. Numerous cube-shaped cavities are present,
but no pyrites was seen.

Thin Section. The specimen iS...'fine-grained, with a cleavage
37757.= to it bysub-:parallel arrangement of the micaceous mineral .
and2 by-'lines ,' of Carbonae &Otis materiil. Scricitô occurs - as -rather,
trIbUlar':'flakes, •''maSta.y."Witii:.Parallell-l-ineartien:i'ltia64h seine' have a
more random orientation. 1Grains of quartz '• are if)1,.retentr.::'-• • In ,tite-•
dtrker b a'nd,r ,ab out • 40% of -ft he' .--inat eria poäëht'i caibbnad:Cous „
ari4 anged ,, asl'Str•ingS-L'ef::granttIe&; or as cont inuoU8?- -1-1rid8
t6..the• cleairage.^Seine .:iline•Si"-'6f .'-h:tydrated: ireti:•"'OXide a.r`d•, • present.
A.:•• little nil^irig^rIght'ai-YgI'S''':•te the clèavagc, maybe
'Seen: The rOCk''.^ •^ :- 1

'evi•-11 , ;^7 '^' •^ ..;^ I '".•'•,^-1(":1";*1'•• -^•^-^7'^•^ •

S.;.'^ L^' •^ • •^."2.^ X'^ .^ 171:'

HandS ecip_me_na_ , The rock is exceedingly . fine-grained, with a fine
cleavage which '^to the bedding:: Stratification - iS

narked by alternating i'..ednd
51 rnid.. thfek', the latter 2-

3 mm. thick. Numerous cavities are
present on the weathered surfaces of the red bands; these are
almost certainly s tilaCea fbthwhich pyrite has been removed.

Thin Section. The speimen is I ine.gra.ined and consists of
hydrated iron oxide, sericite, quartz and very small amounts of

h3..or,.-it.1.4-1•.?.t4e, red laker'S:-t; Whiaelt'in•-the.Yellow'ISand •a,''I'lraiatedf,f ; •

iron bki46 is prac t icallyThe,••-redbed -si:haVe'''35;445%'of
hydrated ' -

ir on oxide which o'O'curb..'"àp smhll granules and scales:
In both 'types. ' of •'-laYer';:: Seri:á:it& ccburs as small, t'a .bb.lar flakes, • •

.mostly brient'at edYpArall-fel'itec the 61e0.'sra.gé 1:•-' quartz occurs in •
allqui±tiesas 'rather angular grains, often elongated parallel

to the cleavage. Several "cubic" shaped cav it es may_be . seen, some
being lined with quartz showing pressure 8hadOirO, the - shadows werc•
probably Pernied. around. 'pki; "-SeCtI;On'S4A'.;.'•ghOWS several apparent
Ceniptibite: grains of quartz, elbrigatedparall.reluteoth'er cleavage' 'It
ISPeagible that . th'e=4..far1ii:f.illa LOld ca91.“6bf.', - ,„ •

The rock
•^,.^ ,

i]d8. banded, •t errUginedScSlatei The' concentra-
tion Of hydrated iron os'Td7e71-;.i.n.'eertaIn VanaSf , ia'1:'"probably due to • ,
the 'docid6.tien of p^e s^•^ (.-.

;

'^.^:^. :

"^r^;^ , •^'

• '^ •

f^•^•^7.-
'



30.

22. Slide No. 3900. 2-1 miles west of Mount Masson

Handaecimen. The rock consists of a somewhat friable, fine-
grained greyish-white material which has a poor cleavage. This
encloses pebbles which run in a layer at a direction approximately
700 to that of the cleavage. The pebbles measure, on the average,
10 mm. by 5 mm, and are elongated parallel to the cleavage, while
the cleavage itself is "wrapped around" the pebbles. ApproximatelY
5 mm. thickness of rock next to the weathered surface is quite hart
and not friable.. The thin section is cut at right-angles to both
the cleavage and the pebble elongation.

Thin Section. The specimen has a fine-grained, inequigranular„
groundmass of angular fragments, enclosing rather rounded pebbles.
A cleavage is imparted to the groundmass by the preferred orien-
tation of sericite flakes.

In the groundmass quartz occurs as exceedingly angular
grains showing sharp corners, and, frequently, concave surfaces,
the general aspect being that of a tuff. Quartz grains tend to be
elongated parallel to the bedding (i.e., the pebble band), and
therefore inclined at a large angle to the cleavage. Sericite form
long streaky flakes. Streaks of hydrated iron oxide are present,
running parallel to th cleavage.

Most of the pebbles consist of (?)tuffaccous material;
. quartz and (?)feldspar are present, forming fine, highly angular
grains: some chlorite occurs. (?)Feldspar is cloudy with
plteration products, and has a higher refractive index than that
af quartz. One pebble consists almost entirely of rather
equidimensional grains of quartz, and its constituent grains are
rather more coarse than those of the other pebbles. The pebble
has two prolongations, more coarse than those of the other pebbles.
The pebble "has two prolongations, making it an oval shape. The
prolongations consist of elongated, parallel and. rather intergrow:.
plates or rods of quartz. The trend of elongation is Oblique to
that of the cleavage, although the tips of the prolongations have
been turned nearly parallel to it, as though the pebble had boon
rotated.

.^Thin veins cut irregularly across the rock, and contain
(?)fluorite. This mineral has a very pale pink colour, and has a
negative refringence, with high relief. It is isotropic. The
vein cuts the quartz pebble described above, and it appears to be
associated with finely granular, interstitial epidote which les
either side of the vein in the pebble.

The rock appears to be a roughly cleaved ashstone
containing a band of 1.a_p_L.1.1_i_t.uf_f, the fragments largely consistinE
material similar to that of the groundmass, but probably
representing felsitic lapilli of the same composition as the
pulverised lava making up the ashstone.

2.^Thermall Metamor hosed Rocks and Cullen Granite.

by

K. R. Walker.

(Specimens 1 to 9 are a representative suite taken
aqross the metamorphic aureole into the granite at a position 1
mile south of the Mount George road crossing of the granite
contact. Specimen 10 is a fine-grained variety of the granite
collected from the same locality further from the contact than
specimens 6 to 9:) (Hays). Z.-
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2.22SIMP.Ps 67,^ areare af
flesh-coloured to light grey, medium-grained rocks. They show
feldspar, quartz and small flakes of biotite evenly distributed
throughout. The thin sections are allotriomorphic granular and
each has a fairly Wide range of grainsize betWeen 0.5 and 3 mos
They contain alkali feldspar, plagioclase, quartz, biotite and
accessory iron ore, zircon, and saussurite in some cases.
Graphic intergrowth between lapartz and miCrocline occurs in a
number of places, and the quartz grains in such occurrences may be
mostly in optical continuity. Some of the perthitic microcline
forms phenocrysts measuring up to 10 mm.

Microcline (0.5 to I HIM, and some grains up to 10 mm.)
is the most abundant mineral. Much of it forms4arge grains that
are cracked and show undulose extinction. Grid iron twinning is
common and slight perthitic intergrowth also occurs. Such
intergrowth is commonly depicted by turbid brown alteration.
Alteration of microcline is not as extensive as that of plagioclas:
and takes the form of patchy brown clouding.

The plagioclase (0.5 to 2 ram) forms mainly hypidiomorphj
grains, mOst of which are zoned and twinned. However, many grains
are heavily altered and show flecks of sericite amongst the turbid
brown alteration product. The few little-altered zoned grains .
indicate that there is not a wide range in composition; two
determinations on Carlsbed-albite twins gave the composition as
Ab72 An28.

Quartz (0.5 to 3 mm.) is evenly distributed throughout
and is next to microcline in abundance. Large grains are broken
by fine cracks and transgressed by grains of small inclusions;
extenction is generally undulose.

Biotite flakes (0.5 to 2 mm.) are plcochroic from straw-
yellow to chocolate-brown. Biotite is the only coloured mineral
except for rare chlorite that has been derived from biotite .
alteration. Small pleochroic haloes in the biotite flakes surroun(1
possible zircon grains. Lenses of a zoisite-like mineral commonly
occur in cleavage traces.

Magnetite forms rare grains. Alteration products of
probable allanite can be seen in some of the specimens of granite.

A visual estimate of the relative mineral abundance
indicates 30-40% microcline, 25-35% quartz, 15-20% plagioclase and
5-15% biotite. These rocks are alkalisranite in which slight
differences may be attributed mainly to alteration by weathering.

Regarding specimens 7 and 7A, specimen 7 shows slightly
greater alteration than 7A, but in the specimen supplied there is
no ferruginous .material present, other than very minor staining
along cracks in some grains.

On the other hand the fine band represented by .snecImen
ilo_LaLle_22......11241 contains more abundant plagioclase. However,
alteration has discoloured all the plagioclase grains turbid brown r
and a determination of composition is impossible. The thin sectior
contains glomeroporphyritic patches of quartz and less commonly
microcline and plagioclase in an allotriomorphic granular groundmav -

The grainsize in the groundmass ranges from 0.5 to 2 mm. and
glomeroporphyritic patches measure up to 7 mm. across. Groutdmass
minerals are microcline, plagioclase and quartz, which occur in
approximately equal amounts and also biotite. Small biotite flaker
(0.2 to 1 mm.) show greater alteration to chlorite than those in
the coarser-grained granite, but other alteration to chlorite than
those in the coarser-grained granite, but other characteristics arc
are the same. The fine-granite is probably a related, but possibl:r

-510
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a slightly more soda-rich phase of the granite described above.

In some of these six granitic rocks (specimens 6 to 10)
the ratio of potash feldsPar: plagioclase may be high enoght for
the rocks to be termed adamellites; however, micrometric analyses
would be necessary to be sure of this point.

Spocimens_l to 5 (Slides .  No......j4114-41181 represent part cf
the metamorphic aureole surrounding the granite. They include
quartz-felspathic rocks (4 & 5) and pelitic hornfelses (1 to 3).
Specimen 3 is partly ferruginised. Although specimens 4 & 5 are
from outcrops adjacent to the contac.t .l 'they do not show as
distinctive metamorphic alteration as tho politic rocks which are
more remotely placed with respect . tothesame contact.

:
Specimens 1 to 3.come from between 200 yards and 10 feet

of the contact . and show the effeets ofeOntact alteration:against
the Cullen Granite. They are indurated'fine-grained, grey rocks
flecked with mica. In some rocks-large grains of iron are (1 mm.)
can be recognised. •Specimen 1 is finely banded and 3 has a .
ferruginous crust surrounding a-weathered buff micaceous rock.

Specimen 1 is a finely banded sericite-biotite-quartz
hoftfels in7771:671iseams of fine iron - ore grains and the directional,
arrangement, or banded distribution, Of biotite flakes give the
thin section a banded appearance. Tha,grainsize averages 0.1 mm,
but a few pyrrhotite grains measure 0.5 mm0 and some flakes af
muscovite reach 0.4 mm. Green toUrMaline is a rather uncommon
accessory. The development of indistinct spots up to 2 mine in
diameter is apparent in the groUndMasS, and th4se probably - repre-
sent the incipient . development Of •a Metamorphic mineral, possibly
cordierite. However, the spots, although optically continuOus,
contain myriadeb of small inclusion's of groundmass minera16;

Specimen 1 is a thermally altered sericite-biotitemquart 7

hornfels which is either in the green schist or albite-cpidote-:
amphibolite facies.

Both specimens 2 & 3, which come from outcrops 50 yards
and 10 feet from the contact are hornfelses. However, 3 is partly
iron-stained and the red-brown material formed includes granulated
and fractured mineral grains from the body of the rock. Evidently
the iron-rich solutions exploited a fracture and permeated its
walls that were oartly sheared' and granulated.

Thin section of specimen_, excluding the iron-stained
portion, consists 'mainly of muscovite, andalusite, quartz and iron
ore. The grainsize of minerals in thebase, namely quartz and
micas, average 0.1 mm., whereas andalusite forms porphyroblasts up
to 2 mm. and is poikiloblastic; .Inclusions are mainly'quartz and
less commonly iron ore. Iron ore forms small grains (ic0.1 mm),
some of which form groups. The lock is a av_scovitemg1Ltzlta_ndalus,i -

hornfels.

The thin section of ,ssecimen 2 is not unlike that of 3
but it also contains abundant cordierite and biotite. Both
cordierite and andalusite arc porphyroblastic and measureleetween
1 & 2.5 mm; they arc strongly poikiloblastic. Inclusions are
mainly groundmass minerals; iron ore inclusions ,are not as abundant
or as large, in the cordicrite as in the andalusite, whereas bioti:'
flakes form inclusions in cordierite but are more common between tiu
andalusite and,cordierite porphyroblasts.

Iron ore is mostly evenly distributed throughout as
grains (00.1 mm.) but includes , a few larger grains (0.5 mm.).
rock is a biotite-andalusite-cordierite-muscovite hornfels.

smafl
Thc
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The presence of muscovite in both specimens 2 & 3 in
conjunction with andalusite and abundant cordierite in the case,
2, and also textural features of each, suggest that these rocks 711 . e
in the amphibolite fades of thermal metamorphism.

Specimens 4,&_5 were both collected 6 inches from the
granite contact. --Tase are quartzo-felspathic rocks which conJ:a.7
mostly quartz, lesser amounts of feldspar, biotite and subordin
muscovite, iron ore and sphene. There may also be some small
interstitial cordierite grains. The grainsize ranges from 0.1
1.5 mm. Biotite flakes and small iron ore grains are from 0.1 to
1.5 mm. Biotite flakes and small iron ore grains are strung out
in a series of narrow roughly parallel bands.

Many of the quartz grains are fractured and cracked and
show undulose extinction. Grains range between 0.2 and 1.5 mm',
and they are poorly sorted and subangular but show some reconstitr.-
tion of the grain margins.

Feldspar forms grains up to 2 min, but most of the
felspathic material is interstitial to the quartz grains. It is
mostly altered and shows a turbid brown colouration. The brown
alteration product is flecked with small sericite flakes. Possly
some of the larger acid plagioclase grains are derived by felspatb:•
isation of the sediment by the granite adjacent to its contact.
These grains have irregular margins and commonly contain
of quartz and rarely muscovite.

The biotite is a red-brown variety and flakes average
about 0.1 mm.. The presence of some pale golden-brown mineral
associated with biotite may be a chlorite derived from the bioti
by alteration.

There is nothing distinctive about the metamorphism of
these rocks, but probably they are of comparable grade to that
shown by specimen 3. . Specimens 4 & 5 arc auart.ze -fe 1sRat4);q_k:.

30;
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Cullen Granite

by

W.J. Oldershaw

(Specimens Gil and G12 were collected from either side
of a presumed faulted contact in the south-east of the area, 1 mil-
south of Maude Creek. Coarser granite than Gil crops out between
Gil and G12. Field relations indicated the possibility of Gil
being mylonitic and G12 beinp: dynamically metamorphosed. This is
not confirmed by the descriptions given by W.J. Oldershaw.) (HayF

Gil (11L12_17.451 is a fine grained black and white rock consisting:
.411.quanswev

of black biotites and clear glassy quartzes set in a white matrix.

Under the microscope the rock is seen to consist of
irregularly shaped crystals of microcline-microperthite,
quartz and biotite of varying sizes ranging up to e across. On
the whole, the quartz crystals tend to be smaller than the other
minerals. Nene of the minerals are euhedral nor porphyritic to
other minerals. There is no division into phenoci-ysts and grourp

The microcline shows well marked "cross-hatching" and .
some crystals show a faint microperthitic structure. Often thy
larger microclines are bordered by a ring of partly included ginal.
of the other minerals suggesting that the microcline did grow a
little by metasomatic accretion after the crystallisation of th.:
rock. There are, however, no signs of extensive post-ma^tic^'-
deuteric metasomatism.^ ; 5
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The plagioclases consist of oligoclases which are
usually sericitised in their central parts while their margins arc
often water clear.

The biotites are pleochroic from colourless to dark brown
and contain pleochroic haloes round minute inclusions of zircon.

The rock is a fine-grained biotite adamellite. It has
not suffered any post-mamatic tectonic disturbances at all and is
definitely not a mylonite. It is more likc an aplite or the chino'
marginal phase of an intrusion.

Gl2_illide421. In hand specimen it is a coarsely foliated,
porous, rusty coloured rock containing a le thick vein of hydrated
iron oxide (limonite) and myriads of mica flakes up to 2 mm. across,

Under the microscope the mica was found to be a colour-
less muscovite, biaxially negative having a small 2V. The mus-
covite is rather porphyroblastic and contains numerous minute
quartzes and iron ores.'

The matrix of the rock consists of a mosaic of minute,
angular, granular quartzes up to 0.2 mm. across. The margins of
the crystals arc sharp and do not show suturing or intergrowths.

The rock is crossed by a vein of limonite and is floode( 9

with granular hydrated iron oxide often penetrating along crystal
margins and along the cleavage planes in muscovite flakes. The
limonite is probably after hematite or perhaps oven pyrites.

The rock is a granular quartzose rock which has been
invaded by iron ore and muscovite. The original rock may have bee
a quartzite or it may have been a "greisehised" granite in which
all the other minerals were replaced by quartz and muscovite or avr.,
a micaceous hornfels which has been extensively silicified and
recrystallised and invaded by iron ore.

4.^ Minor Intrusives.

by

W.R. Morgan

(Specimens D1 to D6 arc representative of the minor
basic intrusives in the Golden Dyke and Masson Formations.) (Hays),

D.1. Slide No. _4232, ,sill close to the Golden Dyke Fon -ration/
Masson Formation boundary.

Hand_ap.acItan. The rock is medium to coarse-grained, hypidiomorphic ,

and basic. It contains a pale, grey-white feldspar, which occurs
as rather tabular crystal; shiny black amphibole forms subhedral,
prismatic crystals. Anhedral grains of quartz are present. The
weathered surfaces are stained by hydrated iron oxide.

Thin Section. The specimen is holocrystalline, medium to coarse-
grained, and non-porphyritic. It is fairly equigranular, and
hypidiomorphic. Some infillings of secondary minerals are present.
An estimation of the percentages of minerals present is:-
antinolite, with ripidolite: 50; aabite: 30; plartz, with myrmekit ,
10; cpidote: 5; leucoxene, apatite, calcite and pyrites: 5.

Actinolite occurs as subhedral, prismatic crystals,
occasionally showing sub-ophitic relations to feldspar. It is
faintly pleochroic, with L.colourless; Y=Z= very pale green:
commonly the colouration deepens at the crystal margins. Length
slow, ZAC = 19°. It is biaxially negative, with 2V = 750, while
birefringence = 04026.^ 27 (0
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Commonly a chlorite occupies irregular areas enclosed in
actinolite. It is pale green, and almost isotropic, with a bire-
fringence of 0.0024 It is biaxially positive, with 2V . 3 0 . The
refractive index.is, very approximately, 1.61 (i.e., rather less
than that of apatite). In habit, the mineral tends to be fibrous.
The optical properties agree with ripidolite„ in Winchell's (1951)
classification. From the textural position of ripidolite, it
seems possible that it is the alteration product of an original
pyroxene„ made over to chlorite after the process of uralitisation
had halted.

Quartz occurs interstitially to actinolite and feldspar.
Tabular areas, enclosed by quartz, appear to consist of a
myrmekitic intergrowth of quartz and feldspar -- these areas some-
times enclose corroded feldspar crystals. In other places,
corroded feldspar is surrounded merely by quartz. Hence, at a
possible late Stage, there appears to have been reaction between
quartz and feldspar.

Commonly, the feldspar is strongly saussuritised, but
some fairly clear crystals are present. These show rather indis-'.
tinct multiple twinning, this often appears to be absent in crysta:
centres. Its refractive index is less than that of Canada balsam,
while it is biaxially positive. An extinction angle measured on a
section normal to the X - bisectrix shows a composition of An3
(approximately), hence the feldspar is albite. Two late stage
reactions may be noted/10re: albitisation„ and saussuritisation.
The saussuritisation appears to have been subsequent to the
feldspar's reaction with the quartz, from to,xtural evidence, whiln
the albitisation was completed prior to this.

Euhedral, tabular crystals of epidote are present,
commonly associated with actinolite. It is colourless, and
biaxially negative, with 2 V . 85 0 , and has a birefringence of
0.020 9 these two facts indicating an iron-poor epidote.

Interstitial masses, of various size, of leucoxene are
present.

Apatite occurs as small acicular crystals, normally
enclosed in quartz and albite: a little is partially enclosed by
actinolite and chlorite.

Calcite occurs in irregular pockets as a secondary mincr
Pyrites also occurs as small pockets, sometimes associated with
calcium.

The. rock is an albitised uralitised and saussuritised
.guArtz. dolerite.

• D.2. Slide Not.4233..II2Palkt ^

Handccimen. On a fresh surface the rock is seen to be medium tr
coarse-grained, basic, and hypidiomorphic equigranular. It
consists of a grey-cream feldspar, which is present as roughly
tabular crystals; black hornblende, which appears to have a
greenish chlorite associated with it; and anhedral crystals of
quartz. Weathered surfaces are brightly stained by hydrated iron
oxide.

Thin Section. In texture the specimen is holocrystalline, medium
to coarse grained and non-porphyritic. It is hypidiomorphic; and
rather inequigranular. The mineralogy is very similar to that of
Specimen D.1 9 and an extimation of the percentages of minerals
present:- albite: 30; actinolite, with ripidolite: 45; quartz
with myrmckite: 15; leucoxeno, apatite and pyrites: 5. The
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textural relations of the minerals to each other are also similar
to specimen D.1., except that the actinolite tends to be more
fibrous, and that ripidolite occurs interstitially as well as in
association with actinolite.

-'The feldspar was found to be albite, an extinction angle
on a section normal to the X-bisectrix showing a composition of
Aril. The crystal on which measurement was made is surrounded by
a quartz-feldspar myrmekite intergrowth, and is partly corroded.
The crystal, 1.05 mm. long and 0.22 mm, wide, is surrounded by a
very thin rim of quartz, 0.007 mm. thick, containing no feldspar.
This, in turn, is surrounded by a zone varying between 0.07 and
0.28 mm. thickness, consisting of dendritic growths of feldspar
enclosed in quartz. The feldspar growths are 0.007 mm.
and may, in places disappear, leaving small blank areas of quartz.

Quartz, in the rock, is normally interstitial to the
remaining minerals, enclosing small, very acicular needles of
apatite. However, at one Point a vein of quartz, varying between
0.12 and 0.4 mm. thickness, cuts the rock. Where it cuts a quartz
grain in the rock, the grain and vein are in optical continuity.
The quartz of the vein also encloses numerous needles of apatite,
similar to these enclosed in the rock quartz. The apatite is
rarely enclosed in any of the other minerals in this specimen, or
in D.1. Quartz seems, from these points, to be a late stage
product of the rock, and formed interstitially, as well as cutting .
the already solidified rock as a.vein.

The rock is an'albitised„and uralitise.quArtz . dolerite.

P. 3, Slide .. No,.v.^Locality as D.1

HAnI_Spccimen. On a fresh surface this rock is seen to be greenis.
and basic. It is medium to coarse-grained and hypidiomorphic. It
contains amphibole, feldspar, quartz, with some chlorite and pyritc
The weathered surfaces are stained with hydrated iron oxide.

Thin Section. Texturally, the rock is medium to coarse-grained,
non-porphyritic, hypidiomorphic and rather incquigranular. The
mineralogy is again rather similar to that of D.1, except that
actinolite is slightly more greenish, with X. colourless; Y.
pale olive; Z. very pale green, sometimes tinged with blue. An
estimation of the percentages of minerals present is:- actinolitc
with ripidolite: 40; albite: 40; epidote: 10; quartz: 1cucoxenc,
limonite, apatite and pyrites: 5.

Ccrtain textural differences from the previous twospecimens are apparent. Firstly, there is less quartz present: witl
this, there is no development of the myrmekite quartz-feldspar
structure. Secondly, rather more cpidote is present, forming
somewhat interstitial granular aggregates. The cpidote, on further
examination, was found to be zoisite: it has parallel extinction,
with a biaxially positive figure, 2V . 35 0 : birefringence = 0.010.

Very occpsionally small in.egular areas are enclosed
within actinolitc, 'containing a mineral with a large extinction
angle, and having a refractive index greater than that of actinolit-
but less than that of zoisitei The mineral is possibly pYroxone.

Iimenite.occurs, like lcucoxene, as interstitial masses.
Only small amounts are present, invariably in part altered to
loucoxenc.,-

The rock is an albitised i_uralitised and_Eartlz
saussuritisedallartz.doleritp.
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D.6.^ Loc

Hand Specimen. The rock is a greenish grey, medium to coarse-
grained 'basic containing tabular, greyish feldspar, black
amphibole and greenish pyroxene. Very small amounts of quartz are
present. The rock tends to be slightly Porphyritic. The
weathered surfaces are stained by hydrated iron oxide.

Thin Section. Texturally, the rock is medium to coarse-grained,
rather inequigranular, hypidiomorphic, and non-porphyritic.

The specimen is seen to contain the following percen-
tages Of minerals:- tremolite: 30; enstatitc and augitc: 25; ,
feldspar (and its alteration products): 35; quartz: 5; leucoxene,
pyrites and apatite: 5.

Pyroxene occurs as prisMatic crystals, seen to be in
various stages of alteration to tremolitc. Enstatitc has parallel
extinction, and is biaxially positive, with V about 700. Its
birefrigence is low. Augitc has ZAC 45 0 ; while it is biaxially
positive, with 2V . 50°. Its birefringence . 0.024. Tremolite
is colourless, occasionally very slightly tinged with green.' It
occurs as rather long, fibro-prismatic crystals, or as veins of
varying width around pyroxene crystals. ZAC . 16 ° . Its birefrin-
gence = 0.026. Biaxially negative, 2V = 75 ° .

Fresh feldspar is present in small quantities. Its
refractive index is less than that of Canada balsam, and multiple
albite twinning is present: from these two vague facts, it appear:
to be albite, or sodic oligoclase. The small amount of feldspar
left shows partial alteration to sericite, kaolin and zoisitc. .
Certain areas in the slide consist of a rather fine-medium grained
agglomeration of sericite and zoisitc crystals, sometimes enclosing
tremolite and a colourless or faintly green chlorite. The scricitc,
and zoisitc and predominant in these aggregates, and are possibly
all that remain of the rock's feldspar. The chlorite appears to
be ripidolite. It also occurs in conjunction with tremolite.

Quartz occurs sparsely as interstitial masses, often
enclosing needles of apatite, and, in places, tremolitc.
Leucoxenc forms tabular to interstitial grains, sometimes enclosing .
limonite. A little pyrites occurs, enclosed in quartz.

The rock is an 113Lbit_i_a_e_s), L..s.aussuriti,s0±.2.1nd_uralitised
enstatitebearina_Werie.

Slide No. 425_5. Dyke in the Masson Formation

Hand Specimen. The rock is very fine-grained and porphyritic, the
henocrysts being small (up to 0.5 mm. length), and composed
mostly of feldspar. The groundmass is dark and basic. The
specimen breaks with the sub-conchoidal to rough fracture.

Thin Sectkon. In texture the specimen is holocrystalline, very
fine-grained, and porphyritic, the phehocrysts being fairly sparse,
and the larger attaining a size of 0.5 mm. The groundmass is
hypidiomorphic, and fairly equigranular.

The phenocrysts consist mostly of albite, with some
actinolite. Albite forms anhedral to subhedral crystals, tending
to a tabular shape, with some sign of corrosion. Its refractive
index is less than that of Canada balsam, and it is biaxially
positive. Some indistinct multiple twinning is. present. Actinolit:
forms vaguely .prismatic crystals, and is pleochroic from pale olivc
to pale green. .It appears to be partially chloritised. In additio:.
to albite and actinolite, some masses (of phenocryst size) of
leucoxene occur, also some anhedral grains of hydrated oxide. ;q
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The groundinass consists of minute, rather tabular
crystals of feldspar, with subhedral crystals of amphibole. Flakes,
and interstitial grainsof a greenish chlorite are present.

A' very rough estimation of the percentage of minerals
present^feldspar: 55; actinolite and chlorite: 40; the
remainder: 5. The rock - is an actinolitespilite, or an
albitised basaltic. dzker-rock.

Slide No„.4236„alse in thc_masson Formation.

Handllecimen. The rock is dark and basic, and is medium-grained,
with a hi5TaTomorphic, rather equigranular texture. Sparse
phenocrysts, only slightly larger than the groundmass, may be
distinguished. The rock contains greyish feldspar as tabular
laths, and dark amphibole. A little quartz and epidote may be
seen. The weathered surfaces are brightly stained with hydrated
iron oxide.^.

Thin Section. Texturally, the specimen is holocrystalline„
medium grained and rather equigranular, and is slightly porphyritic.
It is hypidiomorphic.

Feldspar forms subhedral„ rather tabular crystals, which
are strongly sericitised and kaolinised, : making determination'
difficult. However, it has a refractive, index greater than that
of Canada balsam, and a biaxially negative, with 2V . 850, was
obtained from one crystal. Extinction angles on a section normal
to the Z-bisectrix on another crystal suggested that the core is
An709 while the edge is An - these figures should be regarded as
approximations, because of the altered state of the feldspar.
Albite twinning is present. The Pew phenocrysts in the rock are
composed of feldspar.

Actinolite forms subhedral, fibro-prismatic stubby
crystals giving the impression of pseudomorphing pyroxene. It is
pleochroic: X= colourless; Y= very pale olive green; Z. very pale
green. Length slow, ZAC = 25°. Its birefringence . 0.022. It is
biaxially negative, with a large 2V.

Rather tabular crystals of clinozOisite are present.
They-are colourless, and biaxially positive, with 211.800-90°. They
have low birefringence. Clinozoisite may occur as single crystals
or as ana/1 clusters, with Several somewhat intergrown crystals.
Occasionally associated with this mineral arc small pockets of
interstitial to poikilitic feldspar; this mineral, as opposed to
the labradorite described above, is absolutely fresh; it shows
pericline twinning, and gives a biaxially positive figure, with
2V = 85°. It was not possible to make a refractive index deter-
mination: it is possible that the mineral is albite. Quartz has
a4 occurrence similar to that of (?)albite.

Biotite occurs as subhedral flakes enclosed by antinolite.
It is plcochroic:- X= very pale brown; Y.a= light fawn-brown. It
appears to have formed from actinolitc.

Small granules of black iron ore are scattered in the
groundmass: apparehtly both iimonite and magnetite are present, as
their alteration products, lcucoxene and hydrated iron oxide, may be
seen. Acicular needles of apatite are enclosed in quartz.

• An estimation of the percentage of minerals in the rock
is:- labradorite ytownite:.40; actinolite with biotite: 50; the
remainder: l0 the rock is a uralitised uartz doierite.

g'°
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Miscellaneous Basic Intrusives

by

W.J• Oldershaw

(Specimen D7, from the Upper Golden Dyke or Burrell
Creek Formation, is typical of material that has been mapped
variously as chert and dolerite. D8 was taken from what appeared
to be the sheared margin of a dolerite sill in line with D4, and,
apart from the foliation, appeared identical to that specimen.
D9, collected in the south-east of the area, near the granite
contact, was thought to be a thermally metamorphosed dolerite dyke
but field relations were obscure. Microscopic investigation did
not clarify the probjem.) (Hays.)

11.21.__Lalide . p. 21431 is a fine-grained black rock having a
conchoidal fracture. It is harder than steel and so probably has
a siliceous matrix. It has a minutely pitted weathered crust
about -V thick.

Under the microscope the rock is seen to consist of
irregularly shaped angular phenocrysts of quartz and feldspar up
to 0.5 mm. across set in a patchy matrix of varying grain-size.

The larger feldspar phenocrysts do not show albite
twinning as well as the smaller and more irregular shaped crystals.
The feldspar is a biaxial optically +ye plagioclase having a 2V of
about 75-80 degrees and extinction angles normal to 010 of 8-10
degrees. It therefore appears to be an albite-oligoclase plagio-
clase. The margins of the crystals are minutely irregular and
diffuse and the groundmass minerals appear to penetrate the
phenocrysts slightly.

The quartz phonocrysts are rather more rounded though
they still have the minutely irregular margins. One of them is
marginally embayed in a -similar manner to the quartzes found in
acid porphyrites.

The groundmass consists of minute, irregularly shaped,
intergrown crystals having an R.I. below Canada balsam and
polarising in greys. A few crystals show one or two faint twin
lamellae and so the groundmass may consist of albite-oligoclase.
On the other hand the texture is char a cteristic of chalcedony and
the groundmass is harder than steel which suggests that it is
siliceous. Unfortunately the matrix is so fine-grained that its
identification is very difficult and both silica and albite-
oligoclase may be present in unknown proportions. The groundmass
is rather patchy and the grainsize varies from patch to patch.
The groundmass contains a lot of minute sericite and chlorite
flakes and a aittlo opidote and iron-Oxide dust.

The accessory minerals: A few patches of rather brown-
stained calcite oecur, probably - filling geode or drusy cavities.
Large, colourless, irregularly shaped sphenes range up to 0.2 mm.
across and some occur in the centres of clear albite phenocrysts
where they were Probably formed by the alteration of the feldspar.
Small prismatic, highly birefringont zircons and small acicular
apatites are scattered through the rock as well as numerous diffuse
clots of minute granular magnetites.

The rock appears to be a porphyritie, acid igneous rock
having a groUndmasS of albito-oligoclaso and possibly some quartz,
though the proportion of the latter is hard to estimate. The
confused nature of the groundmass and the minutely irregular
resorbed margins of the phenocrysts suggest that there has been
some pot-cryotallisation metasomatic alteration and reorganisation.

+I
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The rock does not appear to have been a basic igneous
rock such as a dolerite, for the plagioclases are too sodic and
there are no traces of any mafic minerals nor of chlorite
pseudomorphs derived from them. The rock is probably a
allartz-albite-dacite.

.D.8.^Slideyo._27 1 .
 is a faintly foliated brownish grey rock

containing lighter coloured phenocrysts.
4

Under the microscope it is seen to be a highly altered
•^rock composed of felted sericites and penninites ranging up to 0,1

mm across and layer fresh muscovites up to 1 mm across. Numerous
euhedral rectangular phenocrysts up to 1 mm. across occur of a grey
cloudy mineral containing sericite flakes and other inclusions.
One crystal showed albite twinning having an extinction angle of
150 normal to 010. This evidence plus the fact that the R.I. of
the phenocrysts varies around the R.I. of Canada Balsam suggests
that the mineral is a plagioclase probably albite-oligoClase.
Unfortunately the rock is so altered that no good optic axis
figures could be obtained and only two or three crystals showed
albite twinning.

Numberous large phenocrysts of quartz up to 2 mm. across
were found. They were unusual in that along their margins they
were invaded by euhedral plagioclases growing out from the
surrounding matrix. -These ophitic quartz phenocrysts were crowded
with gas bubbles, long needles of apatite and sericite dust. They
also showed well marked strain shadows but were not broken or
shattered.

The groundmass of the rock contains patches of minute,
shadowy, intergrown quartzes. They do not appear to be
granulated and are more likely to be a result of secondary
silicification. There are no signs of any mafic minerals at all
such as green, iron-rich chlorite pseudomorphs etc. The rock
contains scattered patches of granular black iron ore, some having
coatings of leucoxone, and lines of hematite staining which were
probably introduced along planes of shearing.

The rock appears to be a highly altered, probably
metasomatically altered, igneous rock. The original rock was
probably a coarse-grained . acid rock possibly a 2Uartz-diorite, a
granodiorite or even a Esmnit2. Unfortunately we cannot be more
informative or precise as the rock is so highly altered that
everything is obscured by penninite and sericite. Although the
rock appears to contain shear planes only the quartz phenocrysts
'show any signs of tectOnic deformation such as strain shadows.
The euhedral feldspars, and the fresh muscovites show no signs of
crushing. On the other hand . the muscovites could be a late stage
metasomatic introduction, probably along with some of the iron on
the shear plane.

W.B. Dallwitz suggests that the rock may be a somewhat
sheared and altered acid differentiate from a basic magma.
Granophyric differentiates from dolerite.are plentiful in the South
Alligator River area, and similar differentiates from gabbro or
dolerite are found near Hatches Crock. The main reasons for
suggesting that the rock is such a differentiate are:

(1) Chlorite is too plentiful for the rock to have been a
'normal acid type. The hand specimen is quite dark.

(2) Rare intergrowths of quartz and altered plagioclase
are reminiscent' of ophitic intergrowths in dolerite.

It would be necessary to study a less altered specimen
before speaking with any assurance on the true nature of the rock.

trt,
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11.231_,_(Slidb 2VALI. In hand specimen it consists of glistening
micas and thrk coloured clots set in a greyish matrix.

. Under the microscope the micas are seen to be large,
'irregularly shaped, porphyroblastic muscovites up to 1 mM. .across.
The rock consists of porphjroblastic muscovites', quartzes, chlorites
and a few oligoclasc-andesines.. The quartzes vary in size but arc
mainly irregularly shaped porphjroblasts. The groundmass consists
of irregularly shaped, felted masses of Sericits, quartz, green
pleochroic chlorites, and penninite. LeUcoxene granules were
found scattered through the rock. A few irregularly shaped
albite-twinned oligoclase-andesines were found.

The dark coloured patches seem to be areas of small
quartz and feldspar grains crowded with inclusions of chlorite,
sericite, magnetite etc. whereas the lighter coloured areas appear
to be areas of larger grains which are nearly clear of inclusions
and it is here that the large muscovites are developed.

• The rock appears to be a metamorphic rock of sonic sort.
The absence of a preferred orientation points to the absence of
directed stress during the metamorphism. It is probably 'a .
contact metamorphic rock and the dark coloured areas were caused by
the segregation and aggregation of the mafic minerals during the
metamorphism.

hornfels. The rock is a felspathised chlerite- uartz-muscovite-
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