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Introduction

This atlas has been designed as a companion volume to
“North Queensland Geology” by JHC Bain & JJ Draper
(eds), AGSO Bulletin 240, Canberra, and Queensland
Geology 9, Brisbane, 1997. The following 1:3 million
scale maps provide a sample of the type of maps that can
be generated from the range of geoscience information
held by AGSO and GSQ. “North Queensland Geology” -
book, atlas and 1:1 million scale map - is a product of the
National Geoscience Mapping Accord (NGMA), and an
outcome of more than 25 years of collaborative work in
North Queensland by GSQ and AGSO/BMR. It
summarises the geoscience knowledge of North
Queensland acquired by government, universities and
industry, that provides the basis for modern and effective
resource exploraration and land management. For
information about the availability of relevant associated
reports, maps and datasets refer to Sales Centres at AGSO,
Canberra and DME, Brisbane.
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Trevor Graham, Rien Habermehl, Danny Haipola, Laurie
Hutton, Bruce Kilgour, Jan Knutson, Doug Mackenzie,
Leanne McMahon, Colin Pain, Matti Peljo, Tim Ransley,
Mitch Ratajkoski, Peter Wellman, John Wilford, Warwick
Willmott, lan Withnall; the many other AGSO, BMR and
DME field and office staff, past and present, who helped
acquire and assemble the building blocks; AGSO
Geophysical Mapping Group, Australian National
University Centre for Resource and Environment Studies,
AUSLIG; Cape York Peninsula Land Use Strategy;
Environmental Systems Research Institute Inc (ESRI)
Digital Chart of the World; Earth Resource Mapping (ER
Mapper); Geoimage Pty Ltd; Great Barrier Reef Marine
Park Authority.
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1. Drainage, infrastructure, sheet grid

The streams, roads, railways, settlements and place names
shown on this map are derived mostly from ESRI’s Digital
Chart of the World. Most of the Great Barrier Reef
information was supplied in digital form by the Great
Barrier Reef Marine Park Authority; additional reef
outlines outside the Park were interpreted from satellite
imagery. The 1:250,000 sheet areas defined by the one by
one and a half degree grid are named and numbered
according to the National Grid. Cartography by V Ashby
(AGSO).
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2. Land categories: restricted or constrained for
exploration and mining

The ten designated land categories on this map (coloured
areas) resulted from a convenient grouping of the many
land categories where exploration and mining are
restricted or constrained in some way, as distinct from
general freehold and leasehold land (shown in pale
yellow). Some forestry areas (especially those in the
general vicinity of the Wet Tropics World Heritage Areca)
are not shown on this map for reasons of clarity. This map
is intended as a guide only to land tenure and land uses.
The information was current at 30 November 1996. Many
additions and redesignations to these areas have been
proposed. A large number of authorities (Commonwealth
and State) are responsible for the different designated
categories. However, the Queensland Department of
Mines and Energy can provide information on the current
status of land designation and the conditions under which
land can be accessed for geoscientific and mining
purposes. Data extraction by P Goldsworthy (DME); GIS/
cartography by V Ashby (AGSO).
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3. Shaded relief & bathymetry

The offshore area of this map has been derived from 30
arc second gridded bathymetric data compiled from
marine survey data acquired by AGSO, and from the
National Geophysical Data Centre (NGDC) of the
National Oceanic and Atmospheric Administration (US
Department of Commerce). The data were placed using a
nearest point algorithm and 80% were interpolated using a
linear interpolation algorithm. The linear grooves and
ridges in the deep offshore area are artefacts of this
gridding procedure and not genuine bathymetric features.
The onshore area of the map was derived from the
National 9 second digital elevation model (GEODATA
DEM-95) which is Copyright, Commonwealth of
Australia, AUSLIG. The two data sets were processed
separately to maximise the colour ranges in the elevated
land areas, and in the shallowest and deepest marine
areas. Bathymetric data compiled by C. Buchanan; image
processing and cartography by M Peljo & JR Wilford
(AGSO).
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4. Satellite imagery: Landsat MSS

The mosaic image of LANDSAT MSS (Multi Spectral
Scanner) satellite views was provided by Geoimage Pty
Ltd. The image was enhanced using ERmapper® and
displayed as bands 4, 2, 1 in red, green and blue. The
imagery has a pixel resolution of 80 metres. Areas of lush
green vegetation (much of it rainforest) are shown red on
this image. In the south several young basalt flows are
clearly visible as a result of distinctive vegetation that
shows dark on this image. The relationship between
geology, relief, temperature, rainfall, and vegetation is
quickly apparent when plates 3,4,5,6 & 8 are compared.
Imagery processed by JR Wilford & M Peljo (AGSO).



11° 00"

120 Q0!

13° 00"

1442 00*

145° 30° 147° 00*

SATELLITE IMAGERY
Landsat MISS

SCALE1:3 000 000

100
1

SIMPLE CONIC PROJECTION
PARALLELS: -18°S, -36°S CENTRAL MERIDAN: 144.5°
DATUM: Australian Geodetic 1966

Harmantan

e 3

Croydon
O




S. Mean Annual Temperature: degrees Celsius

The temperature grid was acquired from the Centre for
Resource and Environmental Studies (CRES), Australian
National University. A software package called BIOCLIM
was used to generate the grid from bioclimatic parameters.
ER Mapper® was used to colour the grid. Values in each
grid cell measure temperature in degrees Celsius.
Copyright CRES. Imagery processed by M Peljo & JR
Wilford (AGSO).
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6. Mean Annual Rainfall: millimetres

The rainfall grid was acquired from the Centre for
Resource and Environmental Studies (CRES), Australian
National University. A software package called BIOCLIM
was used to generate the grid from bioclimatic parameters.
ER Mapper® was used to colour the grid. Values in each
grid cell measure rainfall in millimetres. Imagery
processed by M Peljo & JR Wilford (AGSO).
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7. Geological Regions

Each geological region is a cohesive, albeit in some cases
complex geologic assemblage: e.g., the Georgetown
Region is approximately equivalent to the established, but
inappropriate term, Georgetown Inlier. A geological
region may contain several geological provinces (eg Plates
11 & 13) or sedimentary basins (eg Plate 10), or parts
thereof, where the province or basin extends beyond the
region. The Georgetown Region for example, contains
parts of seven Provinces and three Basins. Regions are
represented on the map by single polygons, and their
boundaries, although roughly coincident with major
geological boundaries, are generalised (smoothed). This
facilitates data management in relational databases and
GIS. In the associated book (AGSO Bulletin 240/Qild
Geology 9) basic descriptive geological information 1is
given for each region and the various inter-regional rock
and structural associations are defined in terms of
provinces. Compiled by JHC Bain & JJ Draper;
cartography by HE Apps (AGSO).
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8. Geology

This map is at 1:3 million scale, but is otherwise identical
to the 1:1 million North Queensland Geology map (Bain,
JHC & Haipola, D, 1997) that accompanies Bain, JHC &
Draper, JJ (eds), 1997, “North Queensland Geology”,
AGSO Bulletin 240/Queensland Geology 9, Canberra &
Brisbane. Map polygon boundarics have been omitted for
clarity because of the scale and complexity of the dataset.
Polygons smaller than the resolution of the printer are
“absorbed” by adjacent polygons. The map was compiled
from all AGSO/BMR and DME vector digital geological
map datasets available in September 1996, using
Arc/Info® software. Individual datasets were formed into
1:250,000 sheet areas, rasterised, and smoothed to reduce
the number and complexity of polygons. The raster data
were re-vectorised and merged into a single seamless
dataset. Most of the map is derived from post-1970
mapping (much of it at 1:100,000 scale, especially in the
geologically complex eastern part of the map) published
as second edition 1:250,000 scale geological series, and
special regolith-landform and coastal zone maps. First
edition (mostly pre-1970) 1:250,000 geological series
maps were used for the Torres Strait Islands, parts of Cape
York Peninsula north of 14° S, the Cape Melville area, the
Carpentaria and Eromanga Basins in the southwestern part
of the map, and much of the Ingham-Innisfail and Ayr-
Bowen arcas. Some boundaries were derived from a
digital version of the 1975 1:2,500,000 scale Queensland
Geology map. Cainozoic map unit boundaries in Cape
York Peninsula north of 16° S are derived from
AGSO/CYPLUS regolith landform and coastal zone
maps. Compiled by JHC Bain and D Haipola;
GIS/cartography by D Haipola, V Ashby & HE Apps
(AGSO).
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9. Main Rock Types

This map, based on the geological map (Plate 8), shows
the distribution of the dominant rock types in each of the
general age-based categories of the geological map.
Unlike the Geology map, this map gives no age
information - polygons enclose rocks of a particular
dominant type irrespective of age. Compiled by JHC Bain;
GIS/cartography by M Ratajkoski & HE Apps (AGSO).
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10. Sedimentary Basins

This map shows the distribution of the various
(unmetamophosed) sedimentary basins that crop out in
North Queensland. Where basins overlap, concealed basin
outlines are broken and polygons are coloured with
alternating diagonal bands of the various representative
colours. The boundary between the Eromanga and
Carpentaria Basins is purely arbitary - the late Jurassic-
early Cretaceous Gilbert River Formation/Rolling Downs
Group extend without break across this boundary although
the underlying mid to late Jurassic Eulo Queen Group
does mnot extend more than about 50 km into the
Carpentaria Basin as defined. The structure contours,
representing the distance above or below sea level, of the
base of the Mesozoic basin, have been derived from
modelling of the aeromagnetic data by P. Wellman. They
are constrained by drill hole and reflection seismic
information. Although this map shows only the Iland
extent of these basins, the Karumba and Carpentaria
Basins clearly extend west beneath the Gulf of
Carpentaria. The Laura and Lakefield Basins extend to the
outer edge of the Great Barrier Reef, as does the northern
part of the Carpentaria Basin. Compiled by JHC Bain;
GIS/cartography by H Apps (AGSO.
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11. Metasedimentary Provinces

These provinces are mostly strongly deformed and
variably metamorphosed sedimentary basins: they
represent coherent packages of rock with specific
dimensions, including thickness, and age ranges. Sub-
provinces are equivalent to sub-basins; some contain
significant quantities of igneous rocks. Most extensive
areas of igneous rocks of common age, especially those
not regionally metamorphosed, are allocated to Igneous
Provinces. Provinces may extend beneath other provinces
or basins, e.g., the Proterozoic Etheridge and Savannah
Provinces extend westwards from the Georgetown Region
beneath the Mesozoic Carpentaria and Eromanga Basins
in the Carpentaria Lowlands Region and much of the
Carpentaria Basin is concealed beneath the Cainozoic
Karumba Basin. Boundaries may be faulted or
superpositional. Some provinces are composite with
basement and cover components, others are simple.
Compiled by JHC Bain, JJ Draper and IW Withnall;
cartography by HE Apps & M Ratajkoski (AGSO).
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12. Metamorphism

The basic design of this map follows that of the AGSO
1:5 million scale Metamorphic Map of Australia.
Metamorphic facies information has been substantially
extrapolated from limited control sites, and by inference,
under substantial areas of cover. Colour indicates relative
intensity of metamorphism (facies) and the geological age
label indicates the timing of the main metamorphic
event(s) in that area. Compiled by JHC Bain; cartography
by M Ratajkoski & HE Apps (AGSO).
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13. Igneous Provinces

These provinces represent coherent packages of intrusive
and or extrusive igneous rocks with specific dimensions,
including thickness, and age ranges. They are
superimposed on, or intruded into, older igneous and
metamorphic provinces, and sedimentary basins. They are
mostly unaffected by regional metamorphism, but are
commonly locally hornfelsed by subsequent igneous
intrusions. Most are discontinuous, comprising many
related volcanic deposits and discrete intrusive bodies.
They generally extend beyond the other geological entities
(provinces), and therefore are represented on the map by
more than one polygon e.g., the Eastern Australian
Cainozoic Igneous Province. The main coherent masses of
intrusive rocks (batholiths) are labelled - their subsurface
extent has been interpreted from gravity and aeromagnetic
data. Compiled by JHC Bain; GIS/cartography by HE
Apps (AGSO).
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14. Macrossan Igneous Province

This Province comprises intrusive igneous rocks of late
Cambrian (minor) and Ordovician (dominant) age in the
eastern part of the greater Ravenswood Batholith. Some
very small bodies also crop out in the Broken River,
Thalanga, Cape River and Barnard Provinces. The mafic
intrusions in the Ravenswood Batholith have not been
subdivided into Ordovician (Macrossan) and Silurian
(Pama) categories, and thus these bodies are represented
on both maps. Compiled by JHC Bain; GIS/cartography
by HE Apps (AGSO).
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15. Pama Igneous Province

All intrusive igneous rocks of Silurian and early Devonian
age collectively define the Pama Province, which forms a
discontinuous medial belt, 50 to 150 km wide, from Cape
Weymouth in the north to Ravenswood in the south. In
this map magnetic and gravity data have been used to
extrapolate the subsurface extent of the large, batholith-
sized bodies where they are concealed by younger igneous
rocks and or the Cainozoic and Mesozoic basins.
Although this map demonstrates continuity between the
Reedy Springs, Lolworth and Ravenswood Batholiths,
traditional usage dictates that we retain these names. The
small batholiths/plutons to the southwest of the Cape York
Peninisula Batholith have no outcrop and have not been
intersected in drill holes. Most of the Cape York
Peninisula Batholith and much of the outcropping part of
the Lolworth Batholith are early Devonian, whereas the
rest of the Province is, on the basis of SHRIMP U-Pb
zircon dating, probably mostly Silurian. Compiled by JHC
Bain; GIS/cartography by HE Apps (AGSO).

34



145° 307 147° 00’

GNEOUS PROVINCE
hdat b | |
T Bamaga 7, ( ),".
v e
=11200" ———== 2 *J N o
# ) i
/ il SCALE1: 3 000 000 i
| Hl o 50 100 150 200 km
| L 1 1 I i
Gulf of !
SIMPLE CONIC PROJECTION %,
PARALLELS: -18°S, -36°S CENTRAL MERIDAN: 144.5° =z
DATUM: Australian Geodetic 1966
Carpentaria
120 00* _7_7.——7—— =i === Giiar * Geochemistry sample sites (331) et =
® Shrimp data sites (28)
- QOutcrop ® Rb/Sr data sites (34)
A U/Ph data sites (4)
Subcrop
o + Nd/Sm data sites (47)
/ _1 ™ ; Country rock @ Stratigraphic hole
WEIPA O
/ ol & G$0 Weipa 1 Lockhat (T -
N\ 3 River |
W
e ee———————— & = W T
% 1? Aurukun
(
\
= 14200
\ “g
S
\ P ¥
\ CAPE YORK - i b
\ OPormpuraaw PENINSULA
\
‘\
SO e—————————
A~
Y s CORALL SEA
OLaura
!
'a
- 16° 00* H
/
| @
. ' MAREEBA i Siile
[ 1?0 o0 © Dimbulah ; ¢
J O chillagoe O ATHERTON p
f g :
J Herbertan©O
‘.:
Mount
Normanton Oﬁamet
= 18° 00/
Croydon )
(@] Q
INGHAM /
——— . '.: b .!‘;“I g
Lo “‘ SN
./ TOWNSVILLE 1
4 e
\
S
HOMEHILL O 9
REEDY SPRINGS b
= 90“ 00' e 2
RAVENSWOOD
COLLINSVILLE
O
s T RICHMOND
0

35



16. Kennedy Igneous Province

All Carboniferous and Permian igneous rocks in North
Queensland are by definition part of the Kennedy
Province. The Province, although spread over most of the
map area, contains two major concentrations of igneous
rocks: the Townsville-Mornington Island Belt (TMIB),
and the Badu-Weymouth Belt (BWB). These arcas appear
to be characterised by a particular abundance of late
Carboniferous to early Permian rocks. In this map
magnetic and gravity data have been used to extrapolate
the subsurface extent of the large, batholith-sized bodies
where they are concealed by younger igneous rocks and or
the Cainozoic and Mesozoic basins. The province is
subdivided into sub-provinces on the basis of
geographically discrete areas with significant geochemical
differences. This map distinguishes between intrusive and
extrusive rocks, and between early and late Carboniferous,
and early and late Permian. Compiled by JHC Bain & DE
Mackenzie; GIS/cartography by HE Apps & M Ratajkoski
(AGSO).
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17. Eastern Australian
Cainozoic Igneous Province

This province includes all Cainozoic igneous rocks, most
of which are basaltic lavas. Geographically discrete
centres of volcanism have been designated as sub-
provinces. Compiled by J Knutson; GIS/cartography by
HE Apps (AGSO).
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18. Important geological features

This map shows the location of a selection of the many
prominent landmarks and interesting localities of
geological significance. They include natural features such
as mountains, caves, reefs, volcanic craters, tunnels & hot
springs, river deltas, escarpments, fossil, gem and mineral
sites, and mining centres of historical importance that
characterise North Queensland for geoscientists and
tourists. Compiled by J Knutson; GIS/cartography by HE
Apps (AGSO).
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19. Time slice 1: Proterozoic

This map covers the Statherian and Calymian periods of
the Palaeoproterozoic and Mesoproterozoic  eras.
Constituents are thought to have been formed between
1700 and 1500 Ma ago. Subcropping rocks of these
periods are shown in the paler colours. This map and the
six that follow it display elements of the gecological map
separated into seven periods (or time slices) marking
significantly different styles of sedimentation and
magmatism, or separated by substantial periods of erosion,
or an absence of any geological record. Plate 26 (a fold
out) is a geological timescale that provides a link between
these maps, and the Geology map (Plate 8). Compiled by
JHC Bain; GIS/cartography by D Haipola & V Ashby
(AGSO).
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20. Time slice 2: Neoproterozoic-Early
Palaeozoic

This poorly constrained timeslice is represented by rocks
of unknown age that constitute the Iron Range, Cape
River and Barnard Provinces. Outcrops are shown in dark
colours, the full extent of the subcropping parts of the
provinces in paler colours. These rocks are known to be
older than latest Cambrian and, in the case of the Iron
Range and Cape River Provinces, younger than about
1100 Ma: they contain detrital zircons that were derived
from an 1100 Ma source. They may well be younger than
600 Ma. Compiled by JHC Bain; GIS/cartography by V
Ashby (AGSO).
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21. Time slice 3: Early Palaeozoic

This map covers the Ordovician period (490 to 434 Ma
ago), and the latest part of the Cambrian (495 to 490 Ma).
Principal elements are the Macrossan Igneous Province
and metasedimentary and metavolcanic rocks in the
Thalanga, Hodgkinson and Broken River Provinces.
Compiled by JHC Bain; GIS/cartography by D Haipola &
V Ashby (AGSO).
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22. Time slice 4: Mid Palaeozoic

This map shows the distribution of rocks that formed
during the Silurian and Devonian periods (434 to 354 Ma).
Principal events during this period were the emplacement
of the Pama Province and development of most of the
Hodgkinson and Broken River Provinces. Compiled by
JHC Bain; GIS/cartography by D Haipola & HE Apps
(AGSO).
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23. Time slice 5: Late Palaeozoic

This map shows those rocks that formed during a 140 Ma
interval that included the last of the Devonian, all of the
Carboniferous and Permian, and the early and middle
Triassic (370 to 230 Ma). This interval is characterised by
an abundance of igneous rocks (Kennedy Province),
except during the Triassic, and the formation of several
large basins (Drummond, Bundock, Clarke River,
Burdekin, Bowen, Galilee, Lakefield and Olive River).
Most of the igneous rocks formed between 325 and 285
Ma. Compiled by JHC Bain; GIS/cartography by D
Haipola & HE Apps (AGSO).
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24, Time slice 6: Mesozoic

This 140 Ma time interval in the middle of the Mesozoic
Period (from Middle Jurassic to the end of the early
Cretaceous), was characterised by fluvial sedimentation
progressing to shallow marine sedimentation in the Great
Australian Basin (includes Carpentaria and Eromanga
Basins) in the west, and felsic igneous intrusions in the far
southeast. It followed a 46 Ma period of erosion, which
has probably continued uninterrupted throughout most of
the Cairns-Townsville hinterland until the present.
Compiled by JHC Bain; GIS/cartography by D Haipola &
HE Apps (AGSO).
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25. Time slice 7: Cainozoic

Erosion of the sediments deposited during the previous
interval started during the late Cretaceous and persisted to
the present day throughout most of North Queensland.
Nevertheless, fluvial processes built substantial fans over
the Cretaceous sediments, and substantial areas of the
older rocks were covered with basaltic lavas during late
Teriary and Quaternary time. The great bauxite deposits,
silica sand dunefields, the coastal beach ridges and
cheniers of Cape York Peninsula, and the Great Barrier
Reef also formed during this period. Compiled by JHC
Bain; GIS/cartography by D Haipola & HE Apps (AGSO).
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26. Timescale (fold out)

This plate, based on version 97-1 of the Australian
Phanerozoic Timescale and Biozonation Chart, 1997,
shows the temporal distribution of the geological map
units and of the timeslices depicted in the previous seven
plates. Compiled by JHC Bain (AGSO) & IJ
Draper(GSQ); Graphics by P Brugman (AGSO).
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27. Regolith-Landforms

This map is a 1:3 million-scaled, but otherwise identical
version of the 1:1 million Cape York Peninsula Regolith
Landform map (Edition 1, 1994) generated by AGSO for
the Cape York Peninsula Land Use Strategy (CYPLUS).
The regolith south of 16° S has not been mapped in any
extensive or systematic fashion. Map polygon boundaries
have been omitted for clarity because of the scale and
complexity of the dataset. Polygons smaller than the
resolution of the printer are “absorbed” by adjacent
polygons. Units were compiled using aerial photographs
at 1:80,000, airborne gamma ray spectrometrics (400m
line spacing) and Landsat TM. These data sources
provided information on landforms and geomorphic
processes. Each unit on the map shows only the major
regolith and landform type. Field work and map
compilation was carried over the period 1990-1993.
Compiled by CF Pain, JR Wilford (AGSO), and JC
Dohrenwend (USGS). Original map construction by T
Brennan (AGSO). GIS/cartography by V Ashby (AGSO).
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28. Potential Soil Loss

The map is based on the Universal Soil Loss Equation to
predict water erosion hazard on Cape York Peninsula.
Datasets used in the Soil Loss Equation include: regolith-
landform maps (Pain et al 1994), soil maps ( Biggs et al.
1994) and vegetation maps (Carnahan, 1989). The datasets
were modelled using ArcIlnfo GRID®. The map extends
from the tip of Cape York to latitude 16° S. Generated by J
East (Bureau of Resource Sciences) for the Cape York
Peninsula Land Use Strategy (CYPLUS). The unmapped
southern portion is represented by a greyscale version of
the National 9 second digital elevation model (GEODATA
DEM-95) which is copyright, Commonwealth of
Australia, AUSLIG. Cartography by HE Apps (AGSO).
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29. Gamma ray spectrometry: total count

Data from the Australian National spectrometric database
of AGSO. The map is based on airborne gamma-ray
spectrometric surveys, with detector crystal volumes of 16
and 32 litres and east-west flight lines. Flight line spacing
varies between surveys from 0.4 to 3.2 km, but for most of
the area 1s 1.5 km. The surveys were mainly flown by
BMR/AGSO, but small areas are by private companies
under contract to AGSO or GSQ. Rectangular white areas
in the southern half of the image are arcas of no useable
data. This image displays the variation in total count, with
black and blue areas having low counts, and red and white
areas having high counts. Over much of the image the
count rates are sufficiently high that the features are well
defined by the data. The different textures of the top and
bottom halves of the map result from the use of different
contouring procedures; the bottom half was gridded by
Geoimage Pty Ltd, and the top half by AGSO. Residual
east-west stripes’ of various widths are artefacts caused
by incomplete 'micro-levelling’ of data between adjacent
flight lines. Imaging by P Wellman, GIS/cartography by
M Peljo (AGSO).
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30. Gamma ray spectrometry: RGB/KThU

Data from the Australian National spectrometric database
of AGSO. The map is based on airborne gamma-ray
spectrometric surveys, with detector crystal volumes of 16
and 32 litres, and east-west flight lines. Flight line spacing
varies between surveys from 0.4 to 3.2 km, but for most of
the area is 1.5 km. The surveys were mainly flown by
BMR/AGSO, but small areas are by private companies
under contract to AGSO or GSQ. Rectangular white areas
in the southern half of the image are areas of no useable
data. The different textures of the top and bottom halves of
the map result from the use of different contouring
procedures; the bottom half was gridded by Geoimage Pty
Ltd, and the top half by AGSO. Residual east-west
‘stripes’ of various widths are artefacts caused by
incomplete “micro-levelling” of data between adjacent
flight lines.. This image displays the variation in amount
and relative abundance of potassium, thorium, and
uranium, with uranium shown as blue, thorium shown as
green and potassium shown as red. Dark areas have
relatively low amounts of the three elements, and light
areas have relatively high amounts of the three elements.
Imaging by P Wellman, GIS/cartography by M Peljo
(AGSO).

64



= 10®* 00’ -

142° 30°

145° 30

14

7® 00’

|

; GAMMA RAY SPECTROMETRY
*» % RGB / K Th U
“a P ; I
| AGSO
" SCALE 1 3 000 000
[
| Gulf of ; & =35 A
| caTiTeE PARALLELS: -18°S, -36°S CENTRAL MERIDAN: 144 5° X\.-t
‘ DATUM Ausakan Geodetic 1966
Carpentaria
| : i
\
| s .
|
WEIPA
: {
& )
- 13° 00* . ‘:&
o A : ?L
X : o)
| '.\-(. v % cg:‘q.
‘ o " ) A
.l. i
s
.+ )
En;lf: ‘ : z%
SIS b b
- 14° 00’ ol L 3
-
‘ ‘#ﬁ'fd
2 . S
) ¥ & 3}“ o
) £ :
4 ’ > l - o
- ’ 0%:_’},
-
\ >
| -
\ cookgiv CORAL SEA
\ N vy
| of b
| X
\ Pt
- 6® k. "- P
g L F (
/| il
¥ il
o \ NO DATA 3 1 1 NO DATA |
iy
1 p\ 3 » CAIRNS
o T I AREER : ?
l .ﬂ”‘ ‘ : - CEBA
A g :\ J 5
X T .\‘ Ghiilagoe "' b’ h. HERTON
) g !
“ e i " '} ey
| ok N , o o e
i ; % oy ' \ W '* .
i iy ik | \& it CNINNISFAIL )
" TR J U ™. 0! 2
) A . ’ e . \ ™ v, QP—-
o of “Hﬂ { { Jl‘ﬁ" ( ,‘-
|| S S ﬂ . TULLY
> ¥ 4 ! [ 6)
4 5 i .
ol 8L : 3 "3‘%,
1 ) =
A i -~
Croydon ‘«-I ; i ? 1y
]
it W o .
ey L) | Murw S,
B 3 . 4 k.
; J f\ [ ™
e, il
Y
4 ' a & TOWNSVIL
._I"' a /
o
~ el o i
3 ) i 3‘,' .‘
;3"'}."
N v
x . "
| o “
| Sl
v 9
) '
N DATA \




31. Aeromagnetics:
TMI reduced-to-pole with gradient

The land and near shore data are from surveys by
BMR/AGSO with a flight line spacing of generally 1.5 to
3.2 km and a ground clearance of 150 m. The continental
shelf data are from airborne surveys by petroleum
companies, with a flight-line spacing of 2 to 50 km. All
data are available from the Australian National Magnetic
Database of AGSO. The grids derived from the individual
surveys have been joined at their margins; this gives good
control for short wavelength anomalies, but anomalies of
wavelength more than about 600 km are poorly controlled.
In this map the observed anomalies have been modified so
as to show the anomalies that would be observed for a
vertical magnetic field: the calculation is based on the
assumption that rocks in the area are magnetised in the
direction of the present Earth’s field. This assumption is
thought to be true for most rocks, but is untrue for areas
showing small intense low anomalies. The warmer colours
on this map represent crustal rocks with higher magnetite
contents than those in areas with cooler colours. Imaging
by P Wellman, GIS/cartography by M Peljo (AGSO).
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32. Aeromagnetics: TMI with gradient

The land and near shore data are from surveys by
BMR/AGSO with a flight line spacing of generally 1.5 to
3.2 km and a terrane clearance of 150 m. The continental
shelf data are from airborne surveys by petroleum
companies, with a flight-line spacing of 2 to 50 km. All
data are available from the Australian National Magnetic
Database of AGSO. The grids derived from the individual
surveys have been joined at their margins; this gives good
control for short wavelength anomalies, but anomalies of
wavelength more than about 600 km are poorly controlled.
This map shows observed total magnetic intensity, with
the intensity due to the Earth’s core removed. Note that
the major high anomalies are associated with a low to the
south due to the 54° dip of the earth’s magnetic field. The
warmer colours on this map represent crustal rocks with
higher magnetite contents than those in areas with cooler
colours. Imaging by P Wellman, GIS/cartography by M
Peljo (AGSO).
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33. Gravity: Free air (sea) & Bouguer (land)

The gravity image on land is based on a Bouguer gravity
anomaly grid derived from the Australian National
Gravity Database held by AGSO and the image at sea is
based on geoid altitude measured by satellite observations
(Sandwell & Smith 1995). The grids have been joined
about 10 km outside the coastline. The map has large
anomalies along the continental margin due to the change
in crustal thickness, and a prominent negative anomaly
over the higher altitude land areas due to the isostatic
compensation of this topography. Imaging by P Wellman,
GIS/cartography by M Peljo (AGSO).
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34. Gravity: (22 regional removed)

The gravity image on land 1s based on a Bouguer gravity
anomaly grid derived from the Australian National
Gravity Database held by AGSO and the image at sea is
based on geoid altitude measured by satellite observations
(Sandwell & Smith 1995). The grids have been joined
about 10 km outside the coastline. In this map a two
degrec average has been removed from the grid, in order
to isolate the anomalies due to the upper crust. Imaging by
P Wellman, GIS/cartography by M Peljo (AGSO).
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35. Groundwater quality: fotal dissolved solids

Data from the AGSO Great Artesian Basin Groundwater
Database and the Queensland Department of Natural
Resources. Registered water bores are shown. Total
dissolved solids (TDS) values (in mg/L) give an indication
of groundwater quality and have been obtained from
chemical analyses of water samples taken from individual
water bores. TDS values have been gridded with a cell size
of 2.5 km. Groundwater data are scarce in many areas, and
the interpolation and gridding of the widely distributed data
have crecated some artefacts - mapped patterns are only
approximate. Most areas, in particular within the Great
Artesian Basin, show the occurrence of good quality
groundwater, although several large anomalies show that a
number of water bores have high salinities. Groundwater
quality in the Laura basin is generally good. The large
number of water bores along the eastern seaboard from
Mossman to Ingham are associated with shallow aquifers
in unconsolidated Quaternary sediments and fractured
Cainozoic basalt. Groundwater quality in these aquifers is
very good, with generally less than 1000 mg/L. TDS,
making it suitable for rural domestic, stock and irrigation
purposes. Most other areas are fractured rocks with some
alluvial cover in valleys. Groundwater data are scarce in
these areas. Compiled by MA Habermehl, T Ransley;
cartography by HE Apps (AGSO).
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36. Groundwater hazard: fluoride content

Data from the AGSO Great Artesian Basin Groundwater
Database and the Queensland Department of Natural
Resources. Fluoride values have been gridded with a cell
size of 5 km. The fluoride values (in mg/L) are a useful
indicator of mineralisation in some rock types. Fluoride is a
health hazard if the concentration in drinking water is too
high for humans (>1.5 mg/L). Higher values (>2.0 mg/L)
are also a problem for stock use. High fluoride content in
otherwise potable, good-quality groundwater can make the
groundwater unsuitable for domestic and stock water
supplies. The distribution and concentration of fluoride
content derived from the chemical analyses of water
samples taken from individual water bores is shown.
Groundwater data are scarce in many arcas, and the
interpolation and gridding of the widely distributed data
have created some artefacts - mapped patterns are only
approximate. Compiled by MA Habermehl & T Ransley;
cartography by V Ashby (AGSO).
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37. Groundwater levels: potentiometric surface

Data from the AGSO Great Artesian Basin Groundwater
Database and the Queensland Department of Natural
Resources. The groundwater levels (potentiometric surface
of the confined aquifers in the artesian areas, and phreatic
surface of the unconfined aquifers) show heights to which
the groundwater in a borehole will rise, when the borehole
has been drilled into the confined aquifer, or the depth at
which groundwater will be encountered, when a borehole
has been drilled into an unconfined aquifer.  The
groundwater levels will change in time, as continuing
exploitation of artesian aquifers will lower the artesian
pressures in the confined aquifers. Water levels in
unconfined aquifers will change up or down, depending on
the infiltration of water from rainfall, and the drawdown of
groundwater levels in the aquifer by water bores. The water
levels shown relate to data and measurements made during
the last 20 years. Compiled by MA Habermehl, & T
Ransley; cartography by HE Apps (AGSO).
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38. Mineral occurrences

This map shows over 10,700 North Queensland mineral
occurrences as recorded in the Queensland Department of
Mines & Energy MINOCC database, superimposed on a
greyscale version of the aeromagnetics (TMI with
gradient) image used in plate 31. Occurrences have been
classified according to the dominant commodity. The
bauxite deposits of Cape York Peninsula are so extensive
that they are represented by coloured polygons showing
the full extent of aluminous laterite, rather than by a
scattering of dots placed near the centres of ore blocks.
Dataset compiled by P. Garrad (GSQ); Magnetic image P
Wellman (AGSO); GlS/cartography by B Kilgour
(AGSO).
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39. Principal mineral deposits: and relative
abundance of mineral occurrences

This map shows the main mineral deposits of North
Quecnsland as recorded in the AGSO OZMIN database,
compiled by GR Ewers (AGSO), superimposed on the
geological regions. Some of these deposits eg Croydon,
Charters Towers, Pajingo, are actually groups of related
deposits. Pie diagrams show the relative abundance of the
various categories of mineral occurrence, and the number
of occurrences in each region compiled from the
Queensland Department of Mines & Energy MINOCC
database. Compiled by GR Ewers; GIS/cartography by B
Kilgour (AGSO).
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40. Mineral prospectivity: related to
Carboniferous-Permian magmatism

This map i1s a composite of various components, derived
from the other plates, designed to to indicate by inference,
relative prospectivity of various areas for mineral deposits
related to Carboniferous-Permian magmatic processes.
The distribution of various categories of Carboniferous-
Permian igncous rocks is shown in outcrop, and under
cover (inferred from geophysical information), together
with volcanic subsidence structures and faults. All mapped
faults are shown as an indication of potential fluid
conduits, given that multiple movement histories are
common, even though the age or activity history of most
faults 1s not known. Thickness of Mesozoic cover is
indicated as a means of assessing feasibility of exploring
in covered areas. Potentially reactive rock types possibly
suitable as mineral hosts are shown, as are all known
mineral occurrences. There are of course many other
factors to be considered, generally at a larger scale (eg
redox and fractionation state of intrusives, alteration
patterns, etc). Unfortunately most are not mappable at this
scale, or are represented only by inadequate datasets. This
map is merely intended as an example of the type of maps
that can be constructed from multiple geoscience datasets,
as an aid to the selection of land areas possessing certain
parameters considered favourable for particular types of
mineral deposits. Compiled by JHC Bain & DE
Mackenzie; GIS/cartography by V Ashby & D Haipola
(AGSO).
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KENNEDY PROVINCE

Igneous rocks of Carboniferous-Permian age are extremely
important costituents of the regional geclogy of North Queensiand:
they are not only abundant, widespread & diverse in character, they
host or are genetically linked with most major metal deposits and the
majority of mineral occurrences in the region. The Carboniferous-
Permian Kennedy Province is one of the largest accumulations of
Palaeozoic felsic and fractionated igneous rocks in the world.

Principal characterisitcs:

* mainly very felsic (SiO2 commonly 75- 80%)

* commonly strongly fractionated

* variably oxidised, or strongly reduced

* have relatively primitive isotopic signatures and relatively young
model source ages consistent with a considerable input of juvenile
(mantle) material- a feature that enhances their potential for porphyry-
type mineralisation.

They are geochemically similar to some of the Tertiary igneous rocks
of southwestern USA.

The Townsville-Mornington Island Belt, the dominant component
of the Kennedy Province, is a zone of Carboniferous-Permian
igneous rocks that extends 900 km west-northwest from Townsville to
the western coast of Cape York Peninsula, and possibly to
Marnington Island in the southern Gulf of Carpentaria.

In its exposed portion, it is composed of abundant, commonly
overlapping, mainly I-type granites, numerous caldera - collapse
structures, and extensive associated volcanic rocks. It forms a broad
magnetic high, probably mainly due to the intrusive rocks, on which
are superimposed prominent circular magnetic anomalies that outline
subsidence-controlled volcanic-intrusive complexes, mostly with low

or reverse magnetisation.

Circular anomalies of character similar to those in the TMIB indicate
that caldera-collapse structures and intrusive bodies of
Carboniferous-Permian age are also scattered beneath Mesozoic-
Cainozoic cover throughout western Cape York Peninsula and to the
south of the TMIB, and form a concentration in the Cape York-Torres
Strait area.

The TMIB is also characterised, particularly in the west, by a gravity
low coincident with the broad magnetic high.

Torres Strait Region: A similar igneous field in northern Cape York
Peninsula & Torres Strait contains few known mineral occurrences
and is mostly concealed. However there is evidence for the presence
of cauldron structures in its western portion, enhancing the potential

&
'.‘M“f-'v ]
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~COOKTIOWN

for unexplored epithermal and porphyry-style mineralisation

Mineralisation: Most of the 10,000 or so known mineral deposits &
occurrences in North Queensland, including three large porphyry-
related gold  deposits (Kidston, Mt Leyshon, Red Dome) are
genelically related to fractionated I-type igneous rocks of
Carboniferous- Permian age:

* Sn + W related to reduced I-type granites.

* W + Mo £ Bi, Au £ Sb, Cu, and Pb-Zn-Ag related to oxidised | types.
* Most significant deposits in the TMIB are located in or adjacent to
high-level intrusive bodies and/or the margins of caldera- collapse
structures.

* Sn in the Cooktown region to the north of the TMIB is related to
reduced, fractionated Permian S- type granites

—— Prospectivity: Numerous cauldron-subsidence structures, along with
associated intrusive rocks, are present beneath regolith and
Mesozoic-Tertiary sedimentary cover in the concealed segment of the
TMIB. In the eastern part of this segment this cover is relatively thin
(mostly <300 m). Furthermore, the magnetic data show that the
number of collapse structures increases and their level of erosion
decreases westward along the TMIB. Given the obvious prospectivity
of the exposed part of the TMIB, we suggest that the concealed part
of the TMIB is also worthy of exploration, and that prospectivity for
epithermal deposits should increase westward.

Particularly prospective areas may include:
! * in and near small, rounded, magnetic highs (due to shallow- level,
oxidised, fractionated granites, or to deeper mafic intrusions);
“broad, cross-cutting magnetic lows (may be due to hydrothermal
alteration);
*where the TMIB intersects ferruginous and/or carbonaceous
intervals in the upper part of the Etheridge Group
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41. Stream sediment geochemistry - Pb

This image shows the spatial distribution of lead (Pb) in
stream sediments over the igneous and metamorphic rocks
of the Georgetown and Coen Regions, and adjacent
Mesozoic sedimentary rocks of the Carpentaria Lowlands
Region. The background is a hill-shaded relief image (see
plate 3). Sample sites are shown as small black dots. Pb is
commonly associated with Ba, Rb and Sr in a factor which
appears to represent K-rich mineralogy. Extensive high
values generally correspond to areas underlain by felsic
rocks. For example in the central part of the Coen Region
high values correspond with the Ebagoola and Kintore
Granites, and in the Georgetown Region with the Forsayth
and Copperfield Batholiths, and the Newcastle Range
Volcanic Group. Many smaller anomalies are associated
with known or potential mineralisation. The geochemical
data displayed in this and following plates were obtained
by AGSO’s stream sediment geochemical surveys of the
Georgetown Region (1974-80), and northward to the Coen
Region (1990-93). 4570 samples were collected over the
central part of the Georgetown Region during the early
surveys and data for 17 to 24 elements are available. The
3200 samples in the later program were collected at a
more regional scale and analysed for 39 elements,
including Au by Bulk Cyanide Leach. Geochemical
compilation and 1imaging BI Cruikshank; image
processing M Peljo; cartography HE Apps (AGSO).
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42. Stream sediment geochemistry - Cu and Zn

Copper (Cu) and zinc (Zn) are commonly associated with
iron (Fe) and manganese (Mn) in a factor which indicates
Fe-rich mineralogies, and Fe/Mn scavenging in the
secondary environment. Regionally Cu tends to be low
over felsic rocks, and high over metasedimentary and
metamorphic rocks. The high values to the south of the
Coen Region occur over the sediments and metabasalts of
the Chillagoe Formation, and the more extensive high
values in the south of the Georgetown Region are
predominantly over Deadhorse Metabasalt (Etheridge
Group). Smaller, and mostly less conspicuous anomalies
define known mineralisation (Cardross, Phyllis May
prospects). Most Zn highs are associated with
metasedimentary rocks, such as the Einasleigh
Metamorphics in the south and southeast of the
Georgetown Region. Zn is particularly prone to Fe/Mn
scavenging. Geochemical compilation and imaging BI
Cruikshank; image processing M Peljo; cartography HE
Apps (AGSO).
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43. Stream sediment geochemistry - Sn and As

High tin (Sn) values occur at Tin (Granite) Creek, draining
Permian granite, in the north of the Coen Region, and over
Sn-bearing granites (O’Briens Creek Supersuite) in the
north of the Georgetown Region. However, Sn values
over granites in the rest of the Georgetown and Coen
Regions are particularly low, with most high Sn values
over Mesozoic sediments adjacent to the granitic and
metamorphic rocks in both regions. High arsenic (As)
values in the south and southwest of the Georgetown
Region are associated with several units, including
Proterozoic carbonaceous pyritic metasediments. The
large As feature in the north of the Georgetown Region
corresponds with a former Cu, Ag and Au mining field
(Cardross) which also shows regional Bi and Sb highs. A
feature of interest is the linear, low-level anomaly over the
Lindalong and Lukin River Shear Zones near the centre of
the Coen Region. Geochemical compilation and imaging
BI Cruikshank; image processing M Peljo; cartography
HE Apps (AGSO).
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44, Stream sediment geochemistry- Th and U

Uranium (U) and thorium (Th) are invariably associated
with the rare earth elements La, Ce and Nd, and Y and P
in a factor which indicates the presence of the U-bearing,
resistant phosphate minerals monazite ([La,
Ce,Nd,Th]PO4) and xenotime (YPQO,). The spatial
distribution of U and Th in the survey area is almost
identical with highs for both U and Th concentrated over
the granitic and metamorphic rocks of the two regions.
Most differences are due to a variations of the relative
amounts of monazite (REE, Th) and xenotime (Y).
Geochemical compilation and imaging Bl Cruikshank;
image processing M Peljo; cartography HE Apps (AGSO)
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North Queensland Geology
Compiled by John H.C. Bain & Dan Haipola
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Authority); mine & mineral deposit names & locations (AGSO OZMIN database)

Geological compilation & map design 1996 by: JHC Bain (AGSO). Substantial editorial advice
was provided by JJ Draper, IW Withnall, RJ Buliitude, LJ Hution (GSQ) and RS Blewett, DE
Mackenzie, P Wellman (AGSO). Assistance with colour design and production was provided by R
Swaboda & JN Mason.

Digital map construction 1996 by: D Haipola (AGSO) with assistance from V Ashby, P Brugman, D
Butrovski, & A. Hoggett (AGSO)

Bibliographic reference: Bain, J.H.C. & Haipola, D., 1997- North Queensland Geology (1:3,000.000
scale map), in Bain JHC and Draper JJ 1997 Atlas of North Queensland Geology, Australian
Geological Survey Organisation, Canberra and Queensland Dspariment of Mines and Energy,
Brisbane.
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GEOLOGY LEGEND
Quaternary (foldout for Plate 8)

Sand, gravel, silt, clay, soll; siliceous hardpan: alluvial
Mud. silt. sand: marine coastal
Quartzose, feldspathic & shelly sand & gravel: beachrock: marine barrier

| Quartz sand: coastal dunefields

Sand, silt, mud: estuarine & delta

Cainozoic

Quartzose sand, silt, clay; soil; talus; ferricrete, silcrete: colluvial & residual

Bauxite, ferricrefe: residual
‘rki Alkali basalt, basanite, hawaliite, tholeiitic basalf, nephelinite, & leucitite lava, breccia & scoria: mafic lavafields
Pliocene

Silt. clay, clayey quarizose sand & gravel: alluvial

Mid Miocene-Early Pliocene

Ciaysy quarioss s2nd & graval, clay: alluvial
Paleocene-Early Miocene
. | Poorly consolidated claysy quarizose sandstone & pebble conglomerate: alluvial

y Cretaceous

Calcarsous claystons, silistons, glauconitic sandstone; carbonaceous limestons; calcarsous concretions: shallow marine
Biotite granite, homblende-biofite granodioriie: felsic I-fype intrusives

Mid Jurassic-Early Cretaceous

Quartzose sandstone, conglomerats, siltstons, claystone; carbonaceous shale, coal; glauconitic sandstone: alluvial to marginal marine:

Late Permian-Mid Triassic

/ Sandsione, silistone, carbonaceous mudsione, coal; conglomeraie, “red beds’, rare iuiis: alluvial
Late Permian
Muscovite-biofite granite: falsic S-type infrusives
‘ ! Andesite to rhyolite lava, rhyolitic ignimbrite & tuff; volcaniciastic sediments: mafic to felsic I-type extrusives
Late Carboniferous-Early Permian
Sandstons, siltstons, carbonaceous mudstons; tuff; conglomsrats; coal: alluvial, lacustrine & shallow marine

Granite, granodiorite, & tonalite; microgranite, microgranodiorite; rhyolite; dolerite, granophyre, diorits, gabbro: felsic I, S, & A-type & mafic intrusives

Rhyuolitic to andesitic ignimbrite, lava, tuff & breccia; basalt lava; volcaniclastic sediments; limesione felsic 1 & A-type exirusives

Laie Devonian-Early Carboniferous

Sandstane, siltstone, conglomerate, mudstone; “red beds”: limestone, carbonaceous mudstone; rhyolite lava, rhyolitic ignimbrite & fuff; coal: alluvial & shallow marine

Biotite granite, microgranite: homblende-biotite granadiorite, microgranodiorite; diorite; rhyolite: felsic I-type intrusives

Rhyalitic fo daciiic ignimbrite; andesite to basalt lava & breccia; rhyolitic lava, tuff & breccia: felsic I-fype extrusives
Devonian

Sandsione, mudstone; minar conglomerate, cheri, basalt; rare limestone: marine

Early-Mid Devonian
_ Limsstone, sandstons (calcarsous in places), mudstons, conglomerate: shallow marine

Early Devonian
- Porphyritic muscovite-biotite granite, leucogranite, aplite, & pegmatite; biotite & hornblende-biotite granodiorite, monzogranite & tonalite: felsic S & I-fype inirusives

Silurian-Early Devonian
R

i Sandstone, mudstone, limasione. cher, siltstone; basalf; conglomerate; tholgiitic basalt lava: shallow marine
llurian :
- Porphyritic biotite-homblende granodiorite & tonalite: quariz diorite, gabbro, troctolite; biotite granite, gamet-muscovite leucogranite: felsic to mafic I-fype intrusives
Ordovician-Silurian

- Pyroxene-hornblende-quariz gabbro to diorite; minor olivine-pyroxens gabbro: mafic intrusives

Late Ordovician

Sandstons, mudstons, conglomsrats, limastons, silistons; basalt; chari, jaspsr: marine

Mid Ordovician

Homblends-biotita & biotita granodiorita & granite: felsic to mafic I-type intrusives

Early Ordovician

Mudstone, silislone, sandsfone; basali; cheri, jasper: marine

Late Cmbrian-Early Ordovician

S : Sandstons, siltstone; falsic & intermediate volcanics: desep marine

Biotite & hornblends-biotite granite & granodiorite; hornblende-pyroxens metadiorite: felsic to intermediate S & I-type intrusives

Rhyuolite fo dacite lava & breccia; rhyolitic to dacitic breccia; andesite, andesiiic breccia, basalt; minor sandsione & siltstone: felsic I-fype exirusives
Late Neoproterozoic-Mid Cambrian

Mica & chlorite schist, biofite gneiss, amphibolite, quarizite, meta-arenite, calc-silicate granofels, migmaiite; minor metachert, ironstone, serpentinite, phyliite

Greensione, metadolerite. metabasali?,amphibalite: mafic intrusives/exirusives

Neo-Mesoproterozoic

- Serpentinite. clinopyroxenite, amphibolite: mafic/ultramafic intrusives

Mesoproterozoic (Calymmian)

Mudstons, silistone (partly carbonaceous); metasandsions, slate, phyllits, quarizits, mica schist (locally graphitic), gneiss; migmatite

Parphyritic biotite-muscovite granite; gamet-muscovite leucogranite, pegmatite; granodiorite, tonalits; trondfhemite; microdiorits: felsic S & I-type intrusives
Rhyaolitic ignimbrite; riyolite, dacite & andesife lavas; dacitic ignimbrite; volcanic-derived sandsione; sifisione: felsic S or I1?-type exirusives

Meiadolerite, grading inio foliated amphibolite: mafic intrusives

Palaeoproterozoic (Statherian)

Mica schist, quarizite, gneiss, calc-silicate, slats, phyllite, mudstons, silistons, metfa-arenite (mainly carbonacsous, some calcarsous); amphibolite; migmatite
Metadolerite & metagabbro, grading into foliated amphibolite & granulite: mafic intrusives

Meiabasalt with local pillows, hyalociastite breccia, grading into foliaied amphibolite & granuliie: mafic extrusives

Note: Only the dominant rock types are listed, generally in order of abundance
Main depositional environmenis & main igneous classes are in bold type
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