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INTRODUCTION

BMR Warwick 6 and 7 were continuously cored stratigraphic drill holes on

the western margin of the Clarence-Moreton Basin (Figs. 1, 2 and 3). BMR

Warwick 6 commenced drilling near the top of the Marburg Subgroup and

reached TD near the base of the Heifer Creek Sandstone Member of the

Koukandowie Formation. BMR Warwick 7 was sited to the west of BMR Warwick

6 and spudded near the base of the Heifer Creek Sandstone Member of the

Koukandowie Formation and terminated in the Gatton Sandstone.

The objectives of the drilling were to:

1. Establish the lithostratigraphic succession in the Marburg

Subgroup on the poorly exposed western flank of the

Clarence-Moreton Basin.

2. Place the stratigraphic succession in a geochronological

framework so that it could be correlated with other basin

sequences.

3. Determine the source rock potential of the sequence.

4. Determine the thickness and extent of porous and permeable

units^in the sequence, especially the Heifer Creek

Sandstone Member.
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5.^Identify prominent reflectors on company seismic data, tie

to other well sequences, and assess their significance and

implications for regional basin stratigraphy and

structure.

WELL HISTORY

GENERAL DATA

DRILLER:^DEPARTMENT OF WATER RESOURCES

DRILLING EQUIPMENT:^HOLE PIONEER P25C DRILL RIG

RATED CAPACITY:^400 METERS WITH 88.9 mm 0.D HQ DRILL PIPE

DRILL PIPE:^HQ 88.9 mm OD

CASING:^HW 114.3 mm OD

CORE SIZE:^HO 65.5 mm DIA

DRILLING TIME:^WARWICK NO 6

START:^ SHIFT TO SITE 2ND FEBRUARY 1988

FINISHED:^15TH FEBRUARY 1988

TOTAL DEPTH:^199.37 METRES
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DRILLING TIME:^WARWICK NO 7

START:^ SHIFT TO SITE 15TH FEBRUARY 1988

FINISHED:^19TH FEBRUARY 1988

TOTAL DEPTH:^146.55 METRES

DRILLING DATA

AREA:^ CLARENCE-MORETON BASIN

TITLE HOLDER:^ENDEAVOUR RESOURCES LTD., CLAREMONT PETROLEUM NL,

BASCO ENERGY INC., CHARTERHALL OIL AUST. PTY LTD.

PETROLEUM TITLE:^PEL 258

WATER SUPPLY:^PUMPED AND TRUCKED TO DRILL SITES FROM BILLABONG

ALONG WASHPOOL GULLY, 500m N OF WARWICK NO. 6

DRILLHOLE.

WELL DATA

BMR WARWICK NO. 6
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LOCATION:
^

LAT. 20° 54' 00"
LONG. 152° 39' 34"

AUST. MAP GRID

REFERENCE:^46681E 680307N, MALLANGANEE 9440 - 111-S GRID

ZONE S6J, SQUARE MP.

TOTAL DEPTH:^T.D. 199.37m, FROM RIG FLOOR AT 0.9m.

ELEVATION:^150 m APPROXIMATELY, A.S.L.

DRILLING COMMENCED:^APPROXIMATELY 5 FEBRUARY 1988

DRILLING CEASED:^13 FEBRUARY 1988

STATUS:^ ABONDONED, OPEN HOLE, MW CASING IN HOLE. CASING

1 m ABOVE GROUND LEVEL, TOPPED WITH WATER

RESOURCES DEPARTMENT TRIANGULAR MARKER. LOCKED

CAP ON CASING - KEYS HELD BY BMR; NSW DEPARTMENT

OF MINERAL RESOURCES (ARMIDALE); KYOGLE SHIRE

COUNCIL (LANDOWNER).

WELL DATA

BMA WARWICK NO. 7



10

LOCATION:
^

LAT. 28 ° 54' 40"
LONG. 152 ° 35' 42"

AUST. MAP GRID

REFERENCE:^46050E 680078N, MALLANGANEE 9440-11-S

GRID ZONE 56J, SQUARE MP.

TOTAL DEPTH:^T.D. 146.55 mm, FROM RIG FLOOR AT 0.9 m.

ELEVATION:^265 m APPROXIMATELY A.S.L.

DRILLING COMMENCED:^APPROXIMATELY 15 FEBRUARY 1988

DRILLING CEASED:^18 FEBRUARY 1988

STATUS:^ABAONDONED, OPEN HOLE, HW CASING IN HOLE.^CASING

1 m ABOVE GROUND LEVEL, TOPPED WITH TRIANGULAR

MARKER. LOCKED CAP ON CASING : KEYS HELD BY BMR,

NSW DEPARTMENT OF MINERAL RESOURCES (ARMIDALE);

AND LANDOWNER (B. & K. FINDLEY, C/- 30 LUMSDAINE

AVENUE, EAST RYDE, NSW, 2113).
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GEOLOGY

Previous Investigations

The drilling of BMR Warwick 6 and 7 (Figs. 1, 2 and 3) formed part of a

program of regional geological investigation of the Clarence-Moreton

Basin. The objective is to establish a better understanding of the

evolution and history of the Basin, principally through sedimentological

research. The basin synthesis is being undertaken principally by the BMR,

in collaboration with the Geological Surveys of NSW and Queensland, the

Division of Exploration Geoscience CSIRO, and the Geology Department,

University of Melbourne.

Prior to this work, at present in progress, the only basin wide study in

New South Wales was the regional geological investigation by McElroy

(1962).

Company Petroleum exploration has gained some impetus over recent years

(Ties et al., 1985) and a network of seismic lines exists over lease

areas. Two deep exploration wells have been drilled in the latest round

of petroleum exploration.

Other investigators have mainly described small local areas and no

comprehensive account of the whole basin-wide geology has been compiled.

Mayne (1977) and Willis (1985) list relevant previous references to the

geology and geophysics of the basin.



12

REGIONAL GEOLOGY AND NEW STRATIGRAPHIC FRAMEWORK

The Clarence-Moreton Basin contains continental sediments up to 3.5 km

thick, ranging in age from Rhaetian to Tithonian. Thus the sedimentary

succession spans a time interval of about 75 Ma. Significant periods of

non-deposition and erosion probably occur in the sedimentary sequence, but

no evidence of basin wide, extensive, regional angular unconformities have

been recognised. The basin sequence in Queensland has been documented by

26 fully cored stratigraphic holes, and more recently four stratigraphic

holes have been drilled in New South Wales, three by BMR (BMR Maclean 1,

and BMR Warwick 6 and 7 described herein) and one by NSW MD (DM Pillar

Valley 2) to solve specific stratigraphic problems. (Wells and O'Brien,

1985; Etheridge et al., 1985).

Current geological investigations (Wells and O'Brien, in prep.) in the

basin have indicated that the stratigraphic nomenclature established in

Queensland (Day et al., 1974) can be applied, with some modification to

most of the basin. A new lithostratigraphic framework for the

Clarence-Moreton Basin has recently been synthesised by Wells et al., (in

press) and a scheme that is applicable to both the NSW and Queensland

parts of the basin has been devised (Fig. 6). The revised scheme applies

mainly to the Bundamba Group, the primarily non-coal bearing sequence

between the mid Jurassic Walloon Coal Measures, and the Late Triassic

Ipswich Coal Measures and their equivalents (Red Cliff, Evans Head and

possibly Nymboida Coal Measures).
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The upper parts of the Clarence-Moreton sequence, including the Grafton

Formation, Kangaroo Creek Sandstone, and Walloon Coal Measures, were not

studied in detail in the course of the recent BMR Program, and no major

lithofacies changes have either been recognised or described. BMR Warwick

6 spudded very close to the base of the Walloon Coal Measures and hence

none of these formations were intersected.

The Marburg 'Formation' has been redefined as the Marburg Subgroup and

subdivided into two major sedimentary sequences. The upper sequence of

mixed lithologies is defined as the Koukandowie Formation and the lower,

predominantly lithic and felspathic sandstone, as the Gatton Sandstone.

The new stratigraphic framework shown in Figure 6 indicates the

lithological subdivisions of these two major sequences within the Marburg

Subgroup. Two members, the Heifer Creek Sandstone and the older Ma Ma

Creek Member, occur in the Koukandowie Formation.

The Koreelah Conglomerate Member and Calamia Member,are two newly defined

units that have been described from the Gatton Sandstone.

STRUCTURE

The sedimentary succession on the western margin of the Clarence-Moreton

Basin is poorly exposed but in most outcrops is gently tilted eastwards,

generally between 3 and 8 0 . On a seismic section along the Bruxner

Highway a broad fold can be discerned with its axis close to the township

of Mallanganee. However reversals of dip in this part of the basin are

the exception rather than the rule.
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The sedimentary sequence shows an onlapping relationship with the basement

rocks along the basins western margin. The Gatton Sandstone of the

Marburg Subgroup overlaps the older formations of the Clarence-Moreton

Basin, chiefly the Woogaroo Subgroup, to rest unconformably on the

basement. The Gatton Sandstone becomes increasingly coarse grained as the

western basement outcrops are approached and a conglomerate (the Koreelah

Conglomerate Member of the Gatton Sandstone) occurs along the western

basin margin. Remnants of the Laytons Range Conglomerate are present near

Tabulam but the overlying Raceview Formation and Ripley Road Sandstone

are, with only one possible exception, not present along the western basin

margin. The exception is an isolated small inlier of quartzose sandstone

tentatively identified with the Ripley Road Sandstone about 10 km north of

Baryulgil. These outcrops occur stratigraphically beneath the Gatton

Sandstone and are underlain by the Laytons Range Conglomerate; only the

lower contact is visible.

DRILL SITE GEOLOGY

BMR Warwick 6 and 7 were drilled on the western flank of the

Clarence-Moreton Basin near the Bruxner Highway between Casino and

Tabulam.

The oldest exposed formation of the Clarence-Moreton Basin sedimentary

succession are remnants of conglomerate tentatively identified as the
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Laytons Range Conglomerate preserved in small inliers. The best exposures

of the probable Laytons Range Conglomerate include cliffs along the

Timbarra River near Tabulam about 1 km upstream from its junction with the

Clarence River.

The Koreelah Conglomerate Member, a local basal conglomerate of the Gatton

Sandstone, overlaps the Laytons Range Conglomerate. The Koreelah

Conglomerate Member grades laterally and vertically into the Gatton

Sandstone of the Marburg Subgroup. The unconformable contact of the

Koreelah Conglomerate Member with the Triassic Bruxner Adamellite (Moreton

Geological map, GSQ, 1980) forms the greater part of the western margin of

the Clarence-Moreton Basin.

The presence of inliers of the older units in places along the western

basin margin demonstrates the presence of major time breaks and

unconformities in the sedimentary succession in this region.

The stratigraphic framework of the sequence above the Koreelah

Conglomerate Member was not known precisely because of the poor and

discontinuous exposures. A thick bedded, quartz-lithic, silty sandstone

sequence exposed in discontinuous road cuttings above the conglomerate was

identified as Gatton Sandstone and the sporadic outcrops of the mixed

sandstone/shale sequence above was tentatively identified with the

Koukandowie Formation. The lithological succession in the Koukandowie

Formation and its contact with the Gatton Sandstone are difficult to

determine from the discontinuous outcrop, and similarly the power boundary
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of the Gatton Sandstone is obscured.^Most outcrops and road cuttings

comprise the more resistant medium and coarse grained sandstone and thin

conglomerate interbeds, but none of the finer grained sediments are

exposed.

A resistant quartzose sandstone occurring in the lower part of the

Koukandowie Formation was tentatively identified with the Heifer Creek

Sandstone Member. By contrast the Heifer Creek Sandstone member occupies

the upper part of the formation in the type section in the Laidley

Sub-basin. The position of the Ma Ma Creek Member in the western marginal

sequence was also problematical mainly because of the extremely poor

outcrop and the chamositic oolite marker bed which is commonly interbedded

in, and characterises the member (Cranfield et al., 1976) was not found.

Surface samples from the sequence are mostly too oxidised to yield

palynomorphs suitable for dating, so that the chronstratigraphic framework

in this region was unknown.

The Koukandowie Formation is overlain by the Walloon Coal Measures but the

precise position of the contact in outcrop is uncertain.

STRATIGRAPHY AND LITHOLOGY OF BER WARWICK 6 AND 7

The interpreted stratigraphic succession penetrated in BMR Warwick 6 and 7

is shown in Table 1, detailed lithological logs are shown in Figures 4 and

5 and Table 2 list the depths of all analysed samples.
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Wells et al., (in press) established the main criteria used to distinguish

the boundaries between formations and members in the Marburg Subgroup and

their criteria were followed in subdividing the lithological succession in

Warwick 6 and 7. The principal, and most satisfactory method used to

distinguish major unit boundaries, is sandstone composition.

These criteria, used in conjunction with lithological associations, are

sufficient to define the formation and member boundaries in the Marburg

Subgroup.

The principal rock types, and their approximate percentages, in the

stratigraphic intervals can be summarised as follows:-

WARWICK NO. 6

0 - 157 .7 Koukandowie Formation - undivided (sand/shale ratio 1.6)

Sandstone (60%) - light grey and grey, quartz-lithic, very fine to very

coarse grained, mostly medium grained, moderately well sorted with a clay

matrix and occasional siltstone interbeds, fine carbonaceous laminae, and

mostly cross-laminated. The coarser grained sandstone beds are poorly

sorted with subangular grains and commonly grade into conglomerate. The

fine grained sandstone commonly contains mica, carbonaceous and coaly

laminae, minor thin claystone laminae and mud chips.

Claystone (37%) - grey brown, parallel and irregular laminations, commonly

with inter-laminated fine sandstone and siltstone.
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Conglomerate (3%) - polymictic, rounded to angular, poorly sorted, coarse

grained sandstone matrix, lithic and coal clasts, erosive base.

157.7 - 199.37 Heifer Creek Sandstone Member (sand/shale ratio 21.5)

Sandstone (90%) - light grey to white, coarse to very coarse grained,

friable, quartzose and quartz-lithic, porous with little clayey matrix;

high angle, tabular cross-beds, beds 0.5 - 1 in thick, scattered pebbles,

minor coal partings, in multistory bodies in part. Sandstone grains are

subangular, moderately poorly sorted.

Conglomerate (6%) - granule, quartzose, subrounded to angular clasts of

felsic volcanics, metasediments, siltstone, chert, coal spars.

Claystone (4%) - minor fine to very fine grained, parallel and ripple

cross-laminated, occurs as thin lenticular laminae in dark grey siltstone.

WARWICK NO. 7 

0 - 5.4 m Heifer Creek Sandstone Member

Sandstone - quartzose, medium grained, cross-laminated, minor pebble

conglomerate at base.



19

5.4 - 30.81 Koukandowie Formation Undivided (sand/shale ratio 1.3)

Conglomerate (1%) - granule

Sandstone (56%) - fine, medium and coarse grained, light grey to grey,

quartz-lithic, cross-laminated, micaceous in part with carbonaceous

laminae and grains.

Claystone (43%) - grey, faintly laminated, thin fine grained sandstone

interbeds bioturbated; thin, ripple cross-laminated, fine grained

sandstone laminae.

A typical fining up sequence in this interval of undivided Koukandowie

formation comprises:-

2.7 m Claystone, faintly laminated, with thin (< 5 cm) fine grained

sandstone interbeds.

1.5 in Laminated and ripple cross-laminated, fine grained sandstone at base

fining up into very fine grained sandstone and grey siltstone.

1.8 m Sandstone, lithic, grey, coarse grained, with fine grained chaffy

sandstone interbeds about 10 cm thick.

0.2 in Conglomerate, granule.

30.81 - 72.16 Ma Na Creek Member (sand/shale ratio 2.1)
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Sandstone (63%) - fining up sequences 10 m thick,^with granule

conglomerate intervals at base. Cross-bedded, quartzose and

quartz-lithic, occasional carbonaceons laminae and mica, pebbles and clay

pellets, kaolinitic matrix weathered to yellow-brown clay. Large angular

clasts of grey siltstone occur in very coarse grained, quartz-lithic

sandstone.

Conglomerate (7%) - clasts to 5 cm across, predominantly pebble size,

including large irregular carbonaceous fragments, volcanics, white quartz

and fine grained metasediments.

Claystone/Siltstone (30%) - dark grey bioturbated, abundant rootlets

cross-laminated, carbonaceous laminae.

72.16 - 146.55 Gatton Sandstone (sand/shale ratio 12.4)

Sandstone (86%) - grey, medium to very coarse grained, quartz-lithic and

quartzo-feldspathic, cross-laminated, pyritic and calcareous in part.

Thin porous intervals.

Conglomerate (7%) - granule and pebble, poorly sorted, coal spars and clay

clasts common, mostly in thin interbeds but very common over lower 12 m

interval - probably gradational contact with Koreelah Conglomerate Member.

Mudstone (7%) - one interval of mudstone 5.5 in thick (102.2 - 107.4 m).

Fine grained sandstone laminae and thin interbeds with ripple cross
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laminated, low angle laminae and chaffy laminae, erosional bases. Some 5

cm coarse grained sandstone beds with erosional bases and mud chips.

DISCUSSION

The succession of lithostratigraphic units established in the Marburg

Subgroup in Warwick 6 and 7 drill holes differs significantly in several

aspects from that established in the northern part of the basin where the

type sections of the units have been defined. The Heifer Creek Sandstone

Member occurs at the top of the Koukandowie Formation in the

Clifden-Gatton Road section in the northern part of the basin but in

Warwick 6 the top of the member is about 160 m below the base of the

Walloon Coal Measures. This relationship implies that the Heifer Creek

Sandstone Member may be diachronous. Examination of basin transects in

the southern part of the Clarence-Moreton Basin show that the member

occurs at the base of the Koukandowie Formation and in most places is

separated from the Gatton Sandstone by the Towallum Basalt.

In its type section the Ma Ma Creek Sandstone Member of the Koukandowie

Formation comprised approximately equal proportions of sandstone and

claystone/siltstone and includes an important marker bed of chamositic

oolite. In Warwick 7, the interval identified as Ma Ma Creek Member,

although containing claystone/siltstone intervals up to 9 m thick, is

composed dominantly (approximately 65%) of sandstone in thick upward

fining sequences. The chamositic oolite was not found in Warwick 7, and
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has not been recorded from other well sections in the southern part of the

basin. The absence of oolite and the abundance of sandstone indicates

that Warwick 7 intersected a section of the Ma Ma Creek Member in which

fluvial deposits, as distinct from lacustrine fine grained deposits,

predominate.

The coarser grained conglomeratic sandstone and conglomerate in the Gatton

Sandstone over the basal 12 m in Warwick 7 are considerably thicker than

normally found in the formation (cf. Fig. 12, Wells et al., in press).

This probably represents a transition zone to the Koreelah Conglomerate

Member. This observation is consistent with the presence of a coarse

grained conglomerate fades at the base of the Gatton Sandstone along the

western basin margin where it overlaps basement rocks.

SEDIMENTOLOGY

The Koukandowie Formation and Gatton Sandstone in BMR Warwick 6 and 7

contain abundant wood fragments, thin coaly horizons, rootlet beds and

rare palaeosols.^Sandstone bodies typically display large - scale

cross-beds that indicate unidirectional palaeocurrents.^These features

are diagnostic of fluvial deposition so the sediments are therefore

interpreted as river channel floodplain deposits with the main variations

being the proportion of floodplain fades and thickness of channel

sandstone bodies.
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Above 120.5 m in Warwick 6, the Koukandowie Formation consists mostly of

mudstone and fine to medium sandstone bodies up to 5 m thick with rare

beds of coarse sandstone. The sandstone bodies are commonly parallel

laminated or ripple cross-laminated and some are disturbed by rootlets

suggesting that they are crevasse splay or small floodplain channel

deposits. Most mudstone beds are silty with fine sandstone laminae, some

of which are ripple cross-laminated. Mudcracks are present in a few beds.

This suggests that the mudstone beds were mostly deposited on floodplains

with high sediment input and moving water. A few laminated or intensely

bioturbated claystone beds were probably deposited in ephemeral floodplain

lakes. Below 120.5 m, the Koukandowie Formation, including the Heifer

Creek Sandstone Member, is mostly medium to coarse grained, large-scale

cross-bedded sandstone probably deposited in low-sinuosity, bedload

channels.

In Warwick 7, floodplain sediments are also abundant in the Heifer Creek

Sandstone Member and the underlying Ma Ma Creek Member. The Ma Ma Creek

Member floodplain mudstones are generally finer than those above and the

Ma Ma Creek Member sandstone bodies display clear fining-up cycles

starting with mud-chip conglomerates at the base passing up into

cross-bedded, medium sandstone then into rooted fine sandstone and

siltstone and finally bioturbated carbonaceous shale. These sequences

suggest deposition by sinuous, mixed or suspended load streams. Their

presence means that Ma Ma Creek Member in Warwick 7 contains a higher

proportion of sandstone than in many other outcrop and well sections.
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This probably does not indicate a systematic lithological difference but a

chance occurence of more lenticular channel sandstone bodies in this

section.

The Ma Ma Creek Member overlies the Gatton Sandstone with a sharp boundary

at 72.6 m. The Gatton Sandstone is predominantly cross-bedded medium to

coarse sandstone and granule conglomerate deposited by low-sinuosity,

braided channels. The only floodplain deposit is a 5.5 m thick mudstone

interval which has abundant fine sandstone interbeds indicating a high

energy floodplain.

The depositional styles of the Koukandowie Formation and the Gatton

Sandstone in BMR Warwick 6 and 7 appear to be similar to those in the rest

of the Logan Sub-basin. However, the Heifer Creek Sandstone Member

contains a higher proportion of fine-grained facies in Warwick 6 and 7

than in sections from the northern part of the basin.

IMPLICATIONS FOR PETROLEUM EXPLORATION

The interpretation of vitrinite reflectance data (Powell et al., in prep.)

and fission track dating (Gleadow & O'Brien, in prep.), obtained from a

comprehensive basin wide suite of samples suggest that BMR Warwick 6 and 7

stratigraphic holes were drilled in an area where the intersected

sediments and their contained source rocks could lie in a zone of oil

generation.
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The vitrinite reflectance and Tmax data (from Rock Eval.) (Table 3, and

Powell et al., op cit.) indicate a progressive increase in source rock

maturity from west to east. Fission track ages of apatites (Gleadow &

O'Brien, op cit.) also indicate higher basin temperatures in the east.

The reset ages in this area suggest that maximum temperatures and burial

depths were reached in the late Cretaceous. Subsidence curves for the

basin (Powell et al., in prep.) indicate greater burial depths for the

sedimentary succession in the eastern part of the basin than in the west.

A comparison of the frequency of fine grained facies and total organic

carbon in the formations penetrated in the drill holes indicates that the

undifferentiated Koukandowie Formation contains the richest and most

abundant source rocks. Basin wide it is only surpassed by the Walloon

Coal Measures in source rock quality and abundance.

Rock-Eval pyrolysis (REV) (Powell et al., in Wells & O'Brien, in prep.)

data show that the coals and carbonaceous shales of the Clarence-Moreton

Basin contain oil-prone terrestrial organic matter that are as rich and in

some cases richer, than their equivalents in contemporaneous sediments of

the Eromanga Basin.

Hence it was not entirely unexpected that the source rock analyses (Rock

Eval & TOG) (Table 3) indicated that mature petroleum source rocks were

present over some intervals intersected in both Warwick 6 and 7.

All samples obtained from Warwick 6 well were from the Koukandowie

Formation and the TOG analyses indicated the presence of excellent oil
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source rocks with the best indications being obtained in the samples at

27.2, 42.0 and 51.8 m. Other results from Rock Eval confirmed the

evaluation of the sediments in these three intervals that occur in the oil

zone.

Samples from Warwick 7 were obtained from the Ma Ma Creek Member of the

Koukandowie Formation, and the Gatton Sandstone. The samples occur in the

oil zone and the best source rocks occur at 56.5 m in the Ma Ma Creek

member. TOC indicates an oil source rock in the Gatton Sandstone (a

mudstone sample from 104.7 m) but other, in tandem, Rock-Eval indices show

poor to fair source rock quality.

Hydrogen index vs oxygen index plots are shown in Figure 8, and hydrogen

index vs Tmax plot in Figure 9. These analyses indicate the

undifferentiated Koukandowie Formation contains rich source rocks that

show immature to oil zone maturation with Type I and II kerogen.

Petrophysical analyses (Table 6) on core samples from Warwick 6 and 7

indicate the presence of favourable porous and permeable zones.

Permeabilities of up to 227 md (H) and 75 md (V) and porosities up to 19%

were recorded in the Heifer Creek Sandstone Member. Permeabilities of up

to 961 md (H) and 9 md (V) and 26% porosity were recorded in the Gatton

Sandstone.

The core from BMR Warwick 5A was sampled with the intention of comparing

the petrophysical characteristics of the Kangaroo Creek Sandstone with the

Heifer Creek Sandstone. However either the position of Warwick 5/5A on
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the Warwick 1:250.000 geological map is incorrect (see Table 2), or the

grid references in the report (Exon et al., 1974) have been transposed, so

that the stratigraphic identification of the core is uncertain.

28
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PALYNOSTRATIGRAPHY OF BMR WARWICK DDH 6 AND 7

Forty-three samples, 28 from Warwick DDH 6 and 15 from Warwick DDH 7

(Table 2) were submitted for palynological analysis to test the suggested

stratigraphy. All but one sample yielded a palynomorph assemblage and the

state of preservation in each was surprisingly good. This report is

transcribed from McMinn (1988).

BIOSTRATIGRAPHIC RESULTS

The palynomorph assemblages (Tables 4 and 5) described herein are compared

with the zonation of Price et al. (1985). Price et al. (1985) also gave

correlation charts of their zonation with various stratigraphies including

that of the Clarence-Moreton Basin. They divided the Marburg 'Formation'

into four members, which in ascending order were the Gatton Sandstone

Member, the Winwill Conglomerate member, the Ma Ma Creek Member and the

Heifer Creek Sandstone Member (Figs. 6 & 11).

BMR Warwick DDH 6

Samples down to a depth of 40.96 m contain Retitriletes circolumenus and

can therefore be referred to the PJ4 zone (Fig. 11). Samples between

40.96 m and 182.25 m lack R. circolumenus but contain Camarozonosporites 
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ramosus and are therefore equivalent to the underlying PJ3.3.2 zone. The

lowest sample, at 188.52 m, lacks C. ramosus and therefore can probably be

assigned to the underlying PJ3.3.1 zone. Each of these zones is confined

to the 'Heifer Creek Sandstone Member' of Price et al. (1985) and thus the

Koukandowie Formation of Wells et al. (in prep.). The palynological ages

determined for this sequence are therefore consistent with the application

of stratigraphic units by Wells et al. (in prep.).

BMR Warwick DDH 7

Palynomorph assemblages taken from samples to a depth of 20.56 m contain

Camarozonosporites ramosus and are therefore equivalent to the PJ3.3.2

zone (Fig. 11). Samples from 31.27 m and 32.60 m lack C. ramosus but

contain Klukisporites lacunus and are therefore equivalent to the zone

PJ3.3.1. The interval between 32.60 m and 70.33 m contains

Staplinisporites manifestus but lacks K. lacunus and is therefore

equivalent to the PJ3.2 zone. There is a 32 m sample gap below this level

and the lowest samples, which are between 102.42 m and 111.22 m contain

assemblages equivalent to the PJ1 zone. Thus the PJ2.2 to PJ3.1 zones

have not been recognised in this well but as there is a significant sample

gap it is not possible to determine whether this results from the sample

distribution or from a depositional/erosional hiatus.

Wells et al. (1988) indicate that BMR Warwick DDH 7 spudded in the
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Koukandowie Formation and terminated in the Gatton Sandstone.^Price et

al. (1985), however, determined that deposition of the Marburg Subgroup,

with the Gatton Sandstone at its base, began in PJ2.1. The PJ1 age at the

base of this well therefore implies that either the basal sediments are

equivalent to the Ripley Road Sandstone (a position inconsistent with the

geological interpretation) or that the Gatton Sandstone/Ripley Road

Sandstone boundary is diachronous. As the difference in geological time

between the assemblages from the sedimentary successions in Queensland

compared to New South Wales is minor the latter suggestion seems the more

likely. The presence of the zone PJ3.3.2 in this well implies that there

is some stratigraphic overlap with the adjacent well, BMR Warwick DDH 6.

KEROGEN ANALYSIS

An approximate kerogen analysis (Fig. 7) was made by a visual inspection

of the kerogen components in each assemblage. Those components considered

more favourable for oil generation are grouped in the Source Potential

Index (S.P.I.).^This is composed of exinite (mostly spores and pollen)

and the amorphous kerogen components.^Combaz (1980) suggested three

groups of kerogen-based palynofacies, an oil prone (sapropelic) kerogen, a

gas prone (lignitic) kerogen and an intermediate mixed oil and gas prone

(liptinic) kerogen. The oil prone fades is typically dominated by the

amorphous components whereas the liptinic facies is more typically

dominated by the terrestrially derived components such as 'biodegraded

terrestrial' and exinite.
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Sapropelic kerogen (as indicated by peaks in the S.P.I.) has a

discontinuous distribution in BMR Warwick DDH 6 and 7 but several samples,

particularly in the upper Koukandowie Formation, do have high to very high

values. If the biodegraded terrestrial component is added to the S.P.I.

values most of the sequence is found to have liptinic source potential.

The three peaks corresponding to high S.P.I. from samples in Warwick No. 7

at about 21 m, 56 m and 102 m were also analysed by Rock-Eval & TOG. The

sample at about 56 m shows good source rock potential with 7.74% TOG and

corresponding good Rock-Eval indicators. The sample at 102 m has 1.64%

TOG, and 1.29% TOG at 21 m, but otherwise both have poor source rock

indications. Samples at 33 m (1.31% TOG) and 105 m (1.08% TOG) show low

S.P.I. values so there does not appear to be an exact correspondence

between S.P.I. and source rock analyses.

There were no samples analysed by Rock-Eval/TOC corresponding to the high

S.P.I. values obtained from samples at approximately 97 m and 112 m in

Warwick 6 and hence no direct comparison can be made.

SPORE-POLLEN DISCOLORATION

The spore-pollen discoloration in BMR Warwick DDH 6 and 7 is in the orange

range, TAI 2.0, implying an equivalent vitrinite reflectance of 0.5 - 0.6.

This indicates a thermally mature temperature regime.
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CONCLUSIONS

The stratigraphic drilling on the western flank of the Clarence-Moreton

Basin has:

elucidated the stratigraphic succession in an area of

little outcrop.

The lithostratigraphy can be compared with units in the northern portion

of the basin where most of the type sections have been established. There

are three main differences between the two stratigraphic successions. At

the drill site the quartzose Heifer Creek Sandstone Member occurs much

lower in the Koukandowie Formation; the Ma Ma Creek Member is composed

dominantly of sandstone and the chamositic oolite marker bed is not

present; and the basal portion of the Gatton Sandstone intersected in the

stratigraphic hole is conglomeratic which undoubtedly represents a

gradation to the Koreelah Conglomerate Member:

demonstrated the presence of permeable and porous

sediments in both the Heifer Creek Sandstone member and

the Gatton Sandstone.

Analyses of selected samples from both the Heifer Creek Sandstone Member

and the Gatton Sandstone has demonstrated the presence of porous and

permeable sediments in both formations. Porosities in the Koukandowie

Formation range from 15.4 to 19% and permeabilities from 2.84 to 227 md in

Warwick 6, and in the Gatton Sandstone 12.0 to 25.9%, and 0.943 to 961 md

respectively in Warwick 7:
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shown the presence of oil prone source rocks in the

Koukandowie Formation.

Analyses of selected samples has shown the presence of oil prone source

rocks in the Koukandowie Formation in BMR Warwick 6 (from samples analysed

at 27.2 m, 42.0 m, and 51.8 m) and in the Ma Ma Creek Member of the

Koukandowie Formation in BMR Warwick 7 (from a sample analysed at 56.5 m):

yielded a well preserved sequence of palynomorphs that

indicate an age range from P3 4 to PJ 1 , and allowed a

biostratigraphic framework to be erected.

This framework allowed direct comparisons and age correlations with

established zones in the northern Clarence-Moreton Basin.

Palynomorphs from 
PJ2.1 

to
 PJ3.1 

zones were not found,* but they may

be represented in an interval about 32 m thick which was not sampled, and

analysis of samples from this interval are in progress.

* Footnote^An alternative view presented by Burger (in prep.) suggests

another scheme for the zonation of the assemblages and

indicates that there may be no significant time break in

this interval.
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TABLE 1 - INTERVALS AND STRATIGRAPHIC SEQUENCES IN BMR WARWICK 6 and 7

BHR Warwick 6

0 - 199.37 m (T.D.)^Koukandowie Formation

157.7 - 199.37 m (T.D.)^Heifer Creek Sandstone Member

BMR Warwick 7

0 - 72.16 m
^ Koukandowie Formation

0 - 5.4 m
^ Heifer Creek Sandstone Member

30.81 - 72.16
^

Ma Ma Creek Member

72.16 - 146.55 (T.D.)
^

Gatton Sandstone
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TABLE 2 ANALYSED SAMPLES

THIN SECTION

BMR Warwick No. 6. 

Depth (m)^32.22

52.18

143.9 - 144.10

165.68

173.15

173.75

195.03 - 195.13

BMR Warwick No. 7. 

117.21

132.50

135.86

137.55

POROSITY/PERMEABILITY

BMR Warwick No. 5A. *

Large Core

Depth (ft)^226' 9" - 227"

Depth (m) 

BMR Warwick No. 6.^Plugs

^

143.71 - 143.81^144.10 - 143.90

^

165.67 - 165.78^165.68 - 165.60

^

173.03 - 173.15^173.15

^

173.63 - 173.78^195.03 - 195.13

196.0 - 196.08

* Footnote: The identification of the stratigraphic unit in BMR Warwick

5A is uncertain. Either the sites of BMR Warwick 5, 5A and BMR Warwick 3

have been transposed on the Warwick 1:250.000 Geological Map (1st Edition,

1972), or alternatively the grid references given in the report (Exon et

a., 1974) have been transposed.
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BMR Warwick No. 7 

117.23 - 117.31

132.58 - 132.73

135.86 - 136.07

137.35 - 137.54

Plugs

117.15 - 117.4

PALYNOLOGY

Depth (m) 

BMR Warwick No. 6

87.04

90.38

96.82

98.64

105.30

112.02

120.44

127.56

132.57

149.52

156.61

174.37

178.55

182.25

188.52

BMR Warwick No. 7 

8.36

12.07

14.90

16.76

20.56

31.27

32.60

47.72

56.45

56.75

69.10

70.33

70.57

72.00

79.55

89.25

102.14

102.42



103.64

107.35

111.22

111.42

142.20
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SOURCE ROCK ANALYSIS (ROCK EVAL) 

BMR Warwick No. 6 

Depth (m)^27.10 - 27.29

27.97 - 29.93

34.35

40.72

42.00

46.72

51.60 - 51.90

60.24

132.43

156.54

XRD

BMR Warwick No. 6 

91.34

INORGANIC CHEMICAL ANALYSIS 

BMR Warwick No. 7 

Core # 50, 132.58 - 132.7 m (Part II)

BMR Warwick No. 7 

15.06

21.78

30.87

32.56

47.90

56.45

70.22

71.97

102.39

104.74
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TABLE 3 - SOURCE ROCK ANALYSES

BASIN/AREA CLARENCE-MORETON^ WELL/LOCALITY WARWICK NO. 6 

ID
^

DEPTH^TMAX^Si^S2^S3^S1+S2 S2/S3^PI^TOG HI^OI

DEC C^KG per TONNE

KOUKANDOWIE FORMATION

4365 27.2 435 10.61 131.52 1.16 142.13 .07 33.10 397 4

4366 28.0 446 .63 15.63 .39 16.26 40.08 .04 3.69 424 11

4367 34.4 434 .15 1.49 2.39 1.64 .62 .09 1.11 134 215

4368 40.7 444 .46 5.72 .19 6.18 30.11 .07 1.83 313 10

4369 42.0 435 7.45 134.96 .67 142.41 .05 35.10 385 2

4370 46.7 443 .46 7.07 .25 7.53 28.28 .06 2.40 295 10

4371 51.8 437 1.35 25.46 .35 26.81 72.74 .05 6.74 378 5

4372 60.2 443 .11 .90 3.08 1.01 .29 .11 .77 117 400

4373 132.4 443 .14 1.96 .08 2.10 24.50 .07 1.01 194 8

4374 156.5 451 .26 2.93 .16 3.19 18.31 .08 1.71 171 9

BASIN/AREA CLARENCE -MORETON^ WELL/LOCALITY WARWICK NO. 7 

ID
^

DEPTH^TMAX^Si^S2^S3^S1+S2^S2/S3^PI^TOG HI^OI

DEG C^KG per TONNE

KOUKANDOWIE FORMATION -MA MA CREEK MEMBER

4375 15.1 437 .02 .56 .02 .58 28.00 .03 .41 137 5

4376 21.8 443 .07 1.06 0.00 1.13 .06 1.29 82 0

4377 30.9 440 0.00 .27 0.00 .27 0.00 .34 79 0

4378 32.6 437 .02 .35 0.00 .37 .05 1.31 27 0

4379 47.9 439 .13 1.72 0.00 1.85 .07 .68 253 0

4380 56.5 441 1.45 47.86 .17 49.31 .03 7.74 618 2

4381 70.2 442 .07 .73 1.45 .80 .50 .09 .91 80 159

4382 72.0 441 .07 .98 .07 1.05 14.00 .07 1.09 90 6

GATTON SANDSTONE

4383 102.4 439 .10 1.70 0.00 1.80 .06 1.64 104 0
4384 104.7 442 .19 2.39 .29 2.58 8.24 .07 1.08 221 27



TABLE 6 CORE ANALYSES

WARWICK 5A, 6 & 7^Ambient

Sample^Bulk Volume^Bulk Dry^Apparent

Density^Grain Density

WARWICK 5

1 21.91 2.25 2.67

WARWICK 6

2 18.52 2.19 2.70

3 22.76 2.24 2.66

4 49.31 2.18 2.66

5 52.07 2.25 2.67

6 21.82 2.27 2.71

WARWICK 7

7 46.07 2.19 2.67

8 35.77 2.10 2.69

9 52.02 2.41 2.73

10 45.69 1.98 2.67
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TABLE 6 (CONT.)

WARWICK 5A, 6 & 7^Ambient

Sample^Depth^Permeability (md)^Porosity (%)

WARWICK 5

1 226.10 ft 5.65 15.7

WARWICK 6

2 143.97 m 6.42 19.0

3 165.75 m 160 15.9

4 173.06 m 227 18.3

5 173.73 m 23.6 15.4

6 196.02 m 2.84 16.0

WARWICK 7

7 117.29 m 9.81 18.0

8 132.63 m 52.3 21.7

9 135.94 m 0.943 12.0

10 137.40 m 961 25.9
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TABLE 6 (CONT.)

WARWICK 5A, 6 & 7^ Ambient

Sample^Depth^Permeability (md)^Porosity (%)

WARWICK 5

1V 226.11 ft 6.27

WARWICK 6

2V 143.93 m 1.58

3V 165.70 m 74.5

4V 173.12 m 34.3

5V 173.67 m 14.4

6V 196.05 m 9.58

WARWICK 7

9V 135.88 m 8.86

44

AMDEL SERVICE REPORT F 5180/88



Q 
c: 

.... 0 

~ ~ -J.. Anticline l
~ :E Kyogle 

Q II: -¢. Kyogle 1 

~ ~ -¢-Sextontillel 

New . ~ V ~ . M ~ ~ 
BMR Warwick 6'" "'ond 

Tabulam0.o.o ° I t. Hogarth 1-4 
BMR Warwick 7 I;:;s;;::. 

Mallanganee t~ Shannon 1 

England Hogarth 
Dome 

Fold 

Belt 

Tullymorgan 1 -¢-_ 

Clifden 
Dome 

~. +Clifden 1-6 ..... , -!(--r 
~ Grafton 1, 2 

GraftonW 

DM Pillar Valley DDH2 -¢­

Hl" C~.k 1 <> . 

PACIFIC 

OCEAN 

D Clarence-Moreton Basin 

Fig.1. locality m~p 

+ 
---¢-- Structural cfome 

~ 
Petroleum bore 
(dry abandoned) 

StratigrfJphic drillhole 

1'-/HSfD/1 
Record lo/JO!a 



~ 
~ 
~ 
~ 
Q 

z~~~~~ 

~ L· 29"00' 9; 
"'''''' 

ALICEBkm CLEVELAND CROSSING 6 km 

Fi9.'l. ne.-t.di\lLd location of BMR W::lrwic.k 6 and 7 
KEEMBIN HOMESTEAD B /em BUSBYS FLAT 14 km 1"/"56/2 

Rec.ord l'¥JO/8 



29°00' 
152°30' 152°45' I,Okm 153°00' 

Reference 
--- Geological boundary I >- Oa Alluvium: sand, silt, mud,· gravel. a: +- Fault (0, U indicate relative movement down, up) 

« 
Z 
a: 

Where location of boundarie~ folds and faults is approximate, u w 
line is broken; where inferre queried; where concealed, i5 I-
boundaries, folds are dotted,laults are shown by short dashes . « 

N ::> 
0 0 

.,( .. Strike and dip of strata Z 
:;{ 

> ~~ Lamington Tml Sub-alkali basalt, minor tuff and + u a: Z 
horizontal strata 

l 
« w Volcanics agglomerate. - u 

6 Fossil locality-general. 
1;:'.-0 

Tmb Basalt. w -
I- ~ 

~ TH 124 Macrofossil locality and field collection number 

r 
u Grafton Jg Lithic sandstone, siltstone, mudstone 

---- Fossil wood horizon a:Cii Formation WUl 
do« Kangaroo Jk Quartzose to feldspathic sublabile do a: 

~ Quarry ::>::> Creek sandstone' 
...., Sandstone 

Ma Marble u wS2 
J:f Oil well, dry hole, abandoned i5 ~Ul Walloon Jw Fine labile sandstone, siltstone, 

N OUl Coal mudstone, coal calcareous in part. 0 0« 
®SI Stratigraphic hole Ul -a: Measures Plant fossils. 

w ~::> 
~ ...., 

0 Shallow water bore 

l 
u a:- Marburg Jim Feldspathic to feldspathic sublabile wUl 

~ Dam on stream ~~ Subgroup sandstone, pebbly In part; , 
lesser siltstone, mudstone. 

:,;;g;.-~ Swamp oa: Basal pebbly arkose in west 
~::> 

'---~~ ...., 
= Highway 

r 

Z Pua Adamellite, granite, diorite, 
= Road 

a:« granodiorite w-
do~ 
do a: 

,======= Vehicle track ::>w 
do 

-'- -'- Telephone line a: 
w 

U do Drake Pv Agglomerate, crystal and crystal ~ Built up area i5 doZ 
N ::>« Volcanics lithic tuff; minor flows and 
0 .9~ interbedded sediments 

"Mont~sa,Homestead w 
~ a: a: 

WW 
Building, hut or outstation « ~do do 

l 
0 

oYd Yard 
~ 

a: Z 
Paddys Pip Sandstone, mudstone, conglomerate; ·204 Elevation in metres w::!: 

~~ Flat minor volcanics and limestone 
oa: Formation 

A Trigonometrical station ~w do 

1.,!HSl>-lIl 
Record 1~,o/8 

Fig.3 Ye.ologica! Sketch Map 



" ~y""\j:~hlc.. fog 

l:>~ wAv(w. J< .AI. 7b . DRILLHOLE:"",,,,,.,, .~., .... -:'". 'Ie, ". Sheet,'"", ,of., ,~ .... 
l. 

, ~ N.e,. CO .... e'S. not e:.nown c '0 Description > '" c O'ft 109' .J:; 

c - :; .. III tG~ Q. 

9 E i: ~ .,"OIIl", ~ !. CEil)'" !!! 0- 2. t;n" :; - .,:::. _C a> .. ., Cl 
5 r; E ... u...~,2 ":;.!"O I-fl /'k.>op 

0 
E '.i .- <.) > t "O~2.Q3 ~Ii.~vvv O. '7 t)I'V 0 0 .. "0 :l .:::s 01 .,:: to ... QlQ:!fi)CI .co Q. .J:; "0 Cl ., 

c5 c( u... 0 (J)(J) U;E>~~8<:l~a:I a.. u 

.-

-"-
',' 

..... 

..I!!. ., 

J.. 

t\lot I09'3.ui ...... 

~ --
-

-9.. 
.~ . - . - . _ . -_ . ~ ----- _._---- '- -- -~- .. -

.. : . 1.I.e"'fA ..... ~ • ./'~,Qble... '1tz...-I. 1$ .... <00.1 ,. .. ...+.:,:,,s I sJ..c.1.& f"''''+·>..:!S .,'1'/. . M_f'. 'J"', .. · o 0 

- W~f' ... ep~t. ;iNrlo"e.!c-fAys+o",c. • "".:. ..... (&0.4) "-4.. u1:. 11-. or- ./.off. ,y .• tIo";·Io.ddUJIJo --.. :::.. f4 ....... o.~ed. 11.-......... ' 0'" ""~ ... rJ.ufUI . ,;..·" ....... e..l.f~w .... S .~, '- dAy ...... ""ill J .. IfJ.'I'.,o.a. -. . ~ • f"/ .... +i.; • 
~ 

..... 1- eo ... .tl.. loss --<1....,-1 .' · , (, 
I.,.. .J..2.. \ : , , '. 
.t .- -<1 " 

If. :}y. 1'-""., .... sst. . 'tlz -I.",.\., $<0--, "'''~' ?,.I~l ~,y../o",~-.J'''' >l-I".....;,JutJo .. 
, .. ~ ///I .. . . ;I<><f'&"-o:f<lc.J , ol_1r. _"Ii> . .ja e.....;, I ...... :... .. "" ...-<II( le' '-'t I'-~J.' 

, .. ,A1,_o.- n.. .... c. ''''7~k>''''' (,- "~), """"del..;S • ....... _0..- (':$0/0 "' .... 14 MT.- "'--'''-::7'')' .. , 

..Lc. :00 '1':1 ;'I~ 
'; 

.' : -: 
~./,l .'. : 

.' , , . 
LL ,A'lA ",', \ 

, : 
I~ . ,#> ~~ " ~ ... ~ .. . 

L.L"t.. .....<\..-(\ .:i::; , 

PI ~ 
, " . 
'.',' ~ .. ~ 

.. . G .... "'C".- c.o"'r'~ 9_h.. ',rt. " .. sst. J"b,<>~ .. c1u1 .. s .. t.""f.lA .. , ... ; ... , _.lo,rQ.J:I .. 
4·( ~ Co...e. "0.-1 r'tI"lQ.-I .. ,'v I ""oUllDl.iUIII .rI- b~ ..... 

la:. 16s,J 

~ 
, . .' . <Sr .• t:- .... :J .... ,It.I.~A.'''~~T,. --"' ....... -" ,;".-40 .......... ~ ...... I .. _.;.,~ «+.J..,. ..... 11.. ~.r.....LC. ~ to', ,.; . ., ~(t , v.I ....... .:.. A~ • ;...uc.. 1ia,.,I • .i# --A. I. <> "' .... "' .......... 'J ............ ~"I t-+,;.".s . 

~ 
- l- s, H~"",,", -...to-".-h.,,~ .(.;.,... .~, - G"I-b ... l~.:.... .. t-c.."" c.o.W"'b. ~. ' • .:...t_tl"'~ .... ..;..... ....... 1 

I - 1"""':''\!I,s • • .... ~~l" 'e.-Iv ................ eoI ~ .. ..:I-;~, .. ~ ,'.'0- z. .... q,_. 
1 -

""'- -
l c/2 --= 
,~ ~ _-:' .M.-....c. ... t .~ft..I;fI. ... .... ...:"'".~_"'b .... h&n. of" .d . ..... ., ......... - -o.! f.~..'t."' ..... +~ 
~ ," ::- A .. c..\QOV..e 

{P'.t~ 
l M .• ~ . qlt, .. I.fl.. H+ ~~c._q\- ",-.~ ... . I;H..'; ... bLIc. """0+": _..I.. ~ .... '\I",-bu:i~ .' " 

, 

':I 
. ~ - ! 111.-1 .... dt. .. !;t~ ... ~S+. eoAt".s0411" 4'0. .... ~;"'a.'t.. 

... S'sf. .' s'" 
.~ 

~~ 

.-<\~ .. ' . . ~od ••• '~f"". ,.c.~.s s.b-..'i .. "'-:..:;.J .. b ....... Ad~ .. :;.11.-1.>" .. _~..-..&. e.t'.w+s • n_ Ut·c:.fv..l.4.. · .. 
,", · . ' ,~ D .. c., ,,;H .• b~. .... lot k .. ~~_ •. k _b .... 

II "" .. 'It' I' . IQ-.~l.f ..... l-.. .................. ;. 6Q.K t'reo~w;...e ~ 
ill. " . , . 

~ 
i ...... .;..; · .. 

6y_. f.v.~ .• "t. (~1i"'/.) /;/f,,;c- .. h-. $ .... 11 •• <-.,Jot. low.~k x-, , ~ Ca.to"'b. 1~';"4c.. 

~~ , . :- . ~ 

I2A \"""" ....... -1-...:.'" • ~+~Io~Gtl~~~J .......... :.. •. ;t~ ";",11:: ':)1-1, .... c.ry$~"'" _ .....- .: Urt.. ...... 
I-{ .' : -' i (40$ "I .. )~~~ ....... _,~~~"~_ . ...,,,~.~M :o:~;c.c....~". B.uc.. :;h<."p 10 ..... s ... b~. ! 

! , J ~- .. "" I 

II'--~ ~~ :-.,',:.\:. '. . ' IIoJ1S~fl~ It "Iy . .t:: '1it..I;t~ ... ~::.t. ,I..v M"~;"" ""oc&. w~ <o .. t..q &..Io",<,!~"\",, '1~",''''1 39 ~,1"'6 '[, a) 
u .. ., ot ,~. d IC' ('> 



I' 

<II 
Cl 
c( 

t: 
!:? 
:; 
E o 
u. 

E 
J: 

i5. ., 
o 

:tl 

." ... 

':I.. 

DRILLHOLE :.8.A!1. .. WM-WfCk. N~C; Sheet ... ?of .. J· ... . 
Description 25 .. SOm 

~__ '-y. Y.f'.~"F. I ..... ~~olo....+ c~...b. I_; ...... -k.· .... .., I ~ .• -li.. ,.:,+ .. ~~ .. ,:..+<~I_.:...~~~ of clk.~r . . , : 

. ' 

c. 
Q 

-'= c. 
~ 

.:5' c 
o 0 
-'= "0 a. u 

~-~~~.~~~~~4-----------------------------------------------------------r-+~-1 

~~ .. ~ .. ~:+. ~,~~~~-+~F~.~~o~M~.~S~t~+.~IL+~.q~~~CA~~~b~.~I~~~.~~~~~~·~~~~~~O~~~~~~~u-I~~~~~~.~~~+J~_~_~_t_._1L'~_·_·_I_i~ __ ,~~.----;--1--~~ 
f1._" ..... (",,"'1 ... ) .. l"'1'Tc",," ;~+~_L.~t +O~~+Of'. $1,,,,,,,,,_ 1 ... ,-l:j ... I ..... ~"'Oll~ IoAK 

, . 
U·Cf'i I iI~f.-l-..f • ...:....:.~Lij"' .... j-~t-. '.:.. P .... -r ... "L.~ ... ~b L,;~, I .. ..".:...,,~ O~< •• 

..... ~ .. ..t p......-l.--J .. L .f."\!In.,.. .. t ....... ~ •• 1 ... 1-- <o~-t.,...+eGI ~"":j -ko.....evd. b~.Iot. (3""", ':lvc..d.. .. ~IJ 
r----ril:~1r~~~1_~·~#=-:·~~~;;~~t_r_t1it_rll~·~~~·~'··~·~~---------------~.---------------------------------------------------+--~--t__i 

._--~--_+--_1 ~ lJ'--~~~~~.-+-t-t-~-+-+~~7~-.. ~&-.~~Ir-k~a-,..--·'~---.~~,-.~-~~~~r~nII·t~I'~t.o~"~~~-,~~~r-~-'T~ .. -~~·~.-~~b-~~~.-.-.-o-~--~~~e¥-o-,~~---~-.I'~~.Q~,e~I~." B.~---df~----~~-+---+--~ 
~~ =- _ =. ..\i,t. H~w\"'" .....rt ... "'lIor .. ~-----------------------------------------------+--t_--t__t 
~ --

It 

~S.61 



I" 

i. 

, .. >-
c: - :i 

E 
-II> g c: <I> 

:;; .. - .. '-

s:: e E 
E a. 

_ u .. '0::1 
• C> 0 .. .. :: 
. 0( ... a f/)f/) 

.... : .. 

I(,A 

. " :S'JrIt. wlJ'vh'u<. N°, ~ , DRILLHOLE : ... ,.......... .. , ... 

.' t 1 r-:;- . '.j.V,+·+-I--I­
• t' .. : i~ : I .. ~,. 

:0'0. b,'; ~ ol.c 

3 ~. Sheet.. ...... of.. ....... 

Description 
.c 
a. 
"' 0, 

'0 ~ 
(5 0 

a. .c '0 o a.. u 

In 
1\/ 

r--

S4.4~ 

~'.IlB 

'5". ~'" 

11""1.3 

6o.c>9 

6 1 • 4 '3 

6J."IB 

..... ~ ~ • _"'. foorll.l"-r.....l t fO"'" I_;..~ t-""" , p.b~IJ 4.. I .,~- - ,~".,. -
~ __ +-~l~~'4~4l~~,~~iL~~.~·~I~~·~··~I~~··~~~I~~--~~~~~~~r~.~~·~~~e~~~~~£~~b~~~~~DT~. ________________________________________ ~~~~-+4+~S 

-t'\ -'1'\ ". 
~~rlr+~.-n1\~:~.·~:-·~~+.~~~4---------------------------------------------------------~-+--~ 

IL(.' /// t·,'. .. U,q., fss ,,:~I., ...... ~\c.J..r. __ ....... I!...o y.I"""'· ...... -I-...:.. • __ tl...l )t.I-;"~ ... s-...ll-I......t.. 

IJ//h ,'" .... ..("""- .... ~_," .. -.,. ..... b,' ....... ,:...CI. .......... 'S.+ .... "\h.-I~..: ....... c/.I-~cc1 +0 ... ...,. 

I ~ . ,·V.zz. r. . ....:. .. +'. 1+.+ir+t+++--:,r-=·~'7~S...-t=4oOI=-."1f:'T: 1'.:.b!"I=. 7=-1:-::-' ..... ' .. ,= .... =_-CJ"""'O~I:i.'4tRo~lI=_-zr-. 6/iO;-;·s"-O-:!i'.--------.,----f--f--ff--l 

~~HrTlL~~~,~ ~r·~'~·~'·+T_rr+~-,r_--~--~~--~~~~~._~--~~----------------------~+__r_1 
. ~ ..-<' ~ ,.' " Ba.~ .. '~"'f'i .... .-...:\ ... IP- .... , I"""" (0""1'"", c::t.;..~~ri<>-<>t. 

~ \".., ,.... ' .. 

.G 

j -, 
i 
I 



c: 
S! 
~ 
E 
o 

LL 

if 8 Sheet ..... ".of" ... "" 

Description 

- . 
-- ,'¥ 

-~~6 

-----------------------+--+-+--t-8s.~4 

• . .. ,. I i 
..• ~<"'.., .. ~ ~_~_._I _~ ___ .. ____ ~_·_> ______ ....;l______ oJ!fj,;.; : 

'·~·.·~·~~l~·.ol IIT---' '. ... .. __ ..... 30 2/'.35"l:,/r(~~~ ~9~.(,( 

~~ ._u." .. ~~~_i::10.'~; . -;:~ 1~ 

·:1 
i 



1", 

,i"1flCJ', 

< 
":." 

.. Description i. 
,j '" ~~ 

"'L! ;' 

Sheei. ;:!i. .. of .'$. .... 
',;, . . ' 

.t,' 

100 - I ZS,..,. 

'.4,. ... • f~···"':'·4·· .,-l' ~:'r:-'+-' -H-H-l-----------------------------t--t--1+H 1---+--'11, IfB"fI_.;..../ 2 . 
~ ~ '. \- -: : i 

.. ,.,_._----------' 

<'--'0"" ,tt.t~jI;;.'" " ... t. lowoh>"-.1L.-~u-,,-~;.~ t.l(,~,SL<I\.~ \~I1;..~.f.....t, 
~""-- "'_ ...... , ... ~'fr- l1 ........ .,;.. i . , 

c:".$~t: .... ,tt., , ..... 1t .... ~ \It .. ~.s~ ~ ".j:.~l... 13 ...... .. howl> ", .. o .. .,:e,. 
_ \'0.64 

111.11 

pj 

.. 
" ~ 

. 
, .. ' ~..$·4 :;:,,: --<'-<' 

~ 

" .,...<' -<' 
~ -

~....I""'_.':""'+e.oI yJ: :, .. t-, oa, ~;It<~""". 't_....u...I ..... I_·~l4..lC-I~ ........ (0-"" 1_ 1:0 y~ . , 
.......... .,:tu,I .......... colle .... ~~..... ,: Ih~ ..... , It. .,.. .......... ' ~ . ....r~ of. v.f 
.l7 .. £1", ~,~ r~ +or';'IJ-'l t ....... ~\.Q.x~-.;..~,J<> ......... -~ .. ~ 

Vv ~ 
~ ". uv 

-(\ .A\ ~ . , 

II .. S 
~ ~~~~~~~.~o~~~.=~~i~~.rtlitlr----------------------------------------------------------------------~--1I~r_1~1I~.1j 

~ ~ ... ~~ .. : .. 
t-;::...t--t\,V,' C"" : ',' , 

\/j •• -, '.' • 

" Vi...LL :':'; : :. 

1 1t/.'~7 

li ?U$ 

I~O.4--;; 
, 1.<>.7& 

RPC(){ C ( .. '." t ... · I 
f-. 



~ 

Sheet .... ~of .... ? .. 

~ 

!1.5 - 150~ 
Description 

c: - ~ ~ 2 E c: ~ 

iii - ., :J 
J:: E ~ 

E a. 
_ u ., ~ :J 

CI 0 ., .,:: 
« u.. Cl VlIf) 

IL1L 
12.(".17 

1.":1 .... ~\. •..• 
~-4~~,~~I~\(, '~,~~t1-r~rtt1-r--------------------------------------------------------------4--+--~4 , . , 

....... u ...... 

I~ I 11013 ."33 

~ S ,.II. : ...... " • ... t- 6 ............ s~f I" ILL .. 140.Q4-

11.j1."S 

------. 
~~~+-~ ~-r~.~,-b++~~+4------------------'----------------------------------------~+-~~ 

" ' ':i:,sr fY\. ""_.(: L "" _~ .... ~ , ~ ,'.,:1" .... ,,~*, .,( die q .. c.. .... ,Jo ...... ( 1. - 2"-'\",, .. 
------.. .' , .. . . ...---.. 

.... t;; . .' ::----- , , " 

--.. 
r-~~h4~~~r-HH~,.++~-----------------------------------------4~~4 " .. 

I~~ ~ t---' '~-f' :+,-, 14·+H++-------------,---------+--~;p·· 
~-+--+--I"--""""""" , , '. '" 

I .AR -.......::::::- ~ '. • , . 

;. 
'I ,. 

v"'" 

" 

. 

A 
!~ 

i 
I 

I 
I 

I 
I 

~ 



c: 
2 
OJ .. E 

C> 0 « ... 

-E -.c: a. .. 
0 

~ 
'" III c: '" .. ~ 
E ;:! _ u 
'1;1'" 
<II!:: 

IJIIJI 

I 

Sheet.:?' .. :of.~ .. $ ... , 
"At. ."< ;; 

Description 
.s= 
a. 
e ." 
Ol :; 0 

a. § 0 ,. " 
'0 0, c:: u 

--

1.+'51 "I-R.. ,,<\h.I.1I.,':' ... l "",.~ 'Sci-. ~...,.,~~ c..<>".!II. ho~'l<>~ • v ..... ,..;,. ... ;11;'.;.,. (~-~c .... ) 

\' ,T"",,_ ............ "'~ ... ~.I...- ........ 1ii:d ,0.+ "Ii .... =1014i~ ~ ....... , o ..... r--tM.' t ......... ,,~ . 
1J1"-' ....... -~::.4 '1c,.Uo. p ........... rL.- ,..,eJ.>"''1 n+- b~.j.".f! ".\_..J:l'..d rrr +opr "" r~ 
.>t __ t. ...... ,.s.,. . , .......... Q)p ... ~pi'" 



DR IllHOlE : ..Ji'~~ .'11&4&1-' WA(wl(.K b Sheet8. . .. of .. ~ 

"0 175-tC,q·3.1 m c "0 Description 
~ '" C"O TO. .r:: 

c - '" OJ 
(J) <ilc: Q. 

2 E c III OJ '1::1 tg en U'J ~ - '" ~ = c:: E(f.I III • a; 10 E3 
en 

<: ~ ~:l1l)31D"C '0 :; 
E Q. 

._ <J 
>- ~(/):U~c:aW; 0 QI (; "0 ::I 
"'-IIlQlQl"'!!~O 0. .2 

en III "'.':; J:. 0 
~ LA. 0 (J)(J) u~>if::;;8o~CIl c5 a. u 

, ~ .... 
i= !!""'...-.c.GI lI"n , $-+-r ... ~u 1:>s-l-. ..... ~11... rt"l.~ t.o~~~ ... :......1 It ro-v<lcl.,P .. I · . · . v .... ·.:..., ... e ........... f' u.c.k""£. II 0-0.4. 0.< v. sh<w'p I sc.a.U.of....ct • 1'",,, .. " 10 ""'" <_r -' fo-

1/-1t.. · . · . . ' 
.....<' .--<' r-:-:' 1-;" • :t""+a .... I-..:..... ... f....J q.,..,t:.: of ~~t ~ ,."" ... I ............ ;..,"'~ .. d <,Hd~.L .0::::.+ .... "",....llt./-I-o 

;<'"- -<'- ,.:-' ... )t-I~...t....d, ... f;w .. 'I( .. I.,.....,. ...... +....t.;.. p_i-.n....;; u: (~ ...... .:. r; Ih-l-n.o,Q ....... U-"""':'IA ... 
11., '-'- · 
~ ......... · 

,J4:o ........ ,~. -.:..... ... ~..:. .... _"" . ~ ("." ....... -'if~ ... "'=.--. ..,~I:)~,~' ........ 
~ p..,..,...u....1 t-..;.... _"t...d - 8 ..... of ,,-'"I' ..... 20< .... of 1...-.-. ._~"bz:0I <4le..iJ't , ,ltd ........... 8 ... ~ il> 

....-<'--~ - <;" .. ~r ,,,,,",:!I.ui , ~ ... t4_ • 
,'oo,..!,., ~C>,+"'" 

,I 

C - "'.0. ~tz. -';th. s...... I.l.r~ .v_ .. 1"q, <..0 .... \ (j ... .,...:.-r 1~1o"""-"l,;I",", J,;Aovo..v.<OlJ.oi " It"!o ~ " .~ ~ · .. , -- .:I~ -pi ... <"AI PA.rl~st • """" ........... .A-~ ......... -t-••• (..ct".1 ..... 1;r .... 't'4"-~~.,i. r..~ .j.y,"r i! 

~ 
· . . b'<~.., 1 ....... ·;..Q.t~ ',lh+O"'t. 1> ...... <h"~D • ~I~..r ~ c....uope.;i. ' i\ 
· . I h.,Q · ; 

p:r " \\ '. .. · c.. t.. <:.- ..... ~~~+!.. S"s-r I. "I~.I;fI;r,; r'i'.f ........ IA "'y_T, ~ ... """;'r J·' ...... ol~ r--:]"o.-t"", j; .. , · . · - I •• d ........... ......... +r'~ ~,-,,-1te.. ...... <..bblL-. L ", ... IoIoLo ~.I"""''''' 'll.~ L ~. 1 ..... .;...."'+.01 

3·3·2- ' , ~ o· ... , ~ ! 
I • .:>. ~\~\ 

, ' .. " ~ I , S otv.e t> ..... "'~l , I ...... ..;,.,~ .. h.o-.. , ... " ..... ..." «l l......;"..-..<L ... 1f""!Oi"ctt b~",,~ ..0 .. \ 
.~ sf' .... , """"'" d-e....t' , ~ h. 0:;. ret.~ .... 'J\ .... + b .. "" b......,·.,.; ,,~~. 1 .... "'1'" .• ;.~~ "I"",... 

"",,"\ ; · i 
.1>. , . , \ ~ ~ ! 

iI'2 \,\\ · . · , : 

'.' . ..0''-1-'" ,,\ ' , · . i · , I · . I . ".., 
~\ 

, 
~ 

I-i= .. ' . · j - · . · . 
~ 

y 00' ,,0 > , IU 
,0-" I-""~ ..... J 6.'1 += S~""I e.l~"'b. ~"","",,: ..... C\~ ~ 6~ ..... .,..f ~_ re ................. ,,.;... e""f4/ 

'I.. .~. ' u" 51 p~"\"'" ... "",-J"""-"f <,11-<·1<>_ / 
... 

.....-<" .. ; .. 
~ ---<" ::.; • 1 1'''7 -10 1f'::I1 "Of ~-li::ut". ~:~ "h'~ ,._ ...... _"-.. l.'I'~e..lM1 1_.-4t...-t- ,'iJ'~~ "I~ 

IIOA - b. 
~ ..J: Glt21 ~~~~"",-.~ ......... ,,,,,,"<~ ... ,<.<\.U""""'t"'J"l .... , 

~ 
-<' ... . _. -- ----- ----- --I--- P..bb'-<!. "'~5" ~~b"""e~Io.r· .~'-o..-d.oo( cl~lh- of &.1.''- 0/01 ... , .S7 ~.....:t.. ti 1+<,"", • ''''+. ItJ..o...'1.V~"';'1...,7o_" 

0 
•... , ~ .... 

b '\'\\. 
"I. '.~, .~~ IJ-'S7 l(-I_.:......~ f: - "" ~''1~ ·1.#.,,' :>st-. _ .... '"-1- S Q,co" 'I :l~....Lo., .,(p ..... ~ -t- Co r-- ,~~-

j ~ 
I'~'" :"-'\.> , 

'<1\ I~"'-<" !;;~-r • .c;.~~u.., .,....".,.t' f"""~J s • ...:t...,\ .'3'....:.... ~ ~t.-.- ..... ~-I-""" r .b .. o_·...:t..~ , ~ .... /G...'.d. If' -t , . 

· ..... ... ~Iolol..e.. 1;fj; ....... ~_J ........ ~_ ...... "'- x-I ... -_ .... -'h..-.... 

~ { ,"\ "\ \ 
:" I. 1\ • ilL ~ ~" ~ 1 

...... · 
...... bbto,,' """' ...... ;" $UPpO"'+""/. C\.,,+-l ".ob,o~~~, _., ... k..- ..... ~ ('), 0 Q (J ~ () l;II,,(.. ..t ~ ~do.!o-..Ie.. ..... ~L~~ 

PJ' 01 '\.. \. '\."\. · · . : · · . C sst ~ lcw..l..o.-.I luoA.'I"' ...... ~,,",Vd'u) ~ A .. Gl$ ."lh-j,O"", l< .... ~t 

I~' "" 
(.ooJ S p.."rs . eat.-t(,. (. ... ~ ....... p-r J~+ 'ou. +., ......... i"'+ •. a. ....... '!.., 

3'~'1 " " " " ::-1> o. '" I'-0":l ...... A\coolf< 

\" "'" · ' .. M.e... .... +. II!' qn· I.n...<. c..;'a..la. ~_I""";"~x:;:.,. 8_ .h-p ~ ... t--
I · .' -

~ 1,00 _'\. \. \. '" 1-,-1- fII-f , ""-c. ~'1 ... "r .:.. v .... ~+.r ~-."Sc_ I"f."k (<is''1.\ s-....... .... ~ \.0,. •• :.,.. ~ JI..I-"'''+4-

~ ~ 
· . , w~tt ",-,..:.., l,A..,..e ... IJ .... -:t .. 0+ bla.<.Ic: .I" o\l,.!I; .. : 1+.J.o....... - ~.r-h ....... ""''''':''1 r.......u...l \"'~,,~ CIt-'\~~ "-" . , 6"-<>400 .............. -r • 4, 

-~ '"' ~_\. '\ --:'7 .. . 
1 "fI/I"F oilc- Q... p-....u...l l.......:.....:t.... nt. (Se.-\ .. t.j., b 1Il'~....u. eto"¥"" ...J..o, .:: C--~\4, q h.. .1. "h. .... 

~ l 
.~-

" "" 
'.' , 

,S:s;t-. I ~~'f<" 8 .... 0l~C &. r>C.40~ , f........v... 1 -h ~t...~I(.. )e.~ ..... {. 

---' · -. 
":) ~ , " .' -n-.....~<O--:!II. e .. _..;.. .... pt· 

-.J..o..c- "" t ... I .... ... r _ «-I- .. ~ 't.-blo~ ~~Al ..... b--.,,, .- .n+-
l: 1-"",,\-... , · . '. : 1\ .. 

'\ " 0 " 

~"" 
. : ~-.,c.. ~ lie.. ~ ,o-:-;,lt.J! .... ,-11." ... H1'. ,.G;'~~' ...... of, r,::-'ry : .. ,:: ... .: :.":l·.,~l .... --:- ;,::::-o"'""-'>d It .. · . ! 

,~ - ",," ,,° 0 ol" 1..,tI.; .. ,--,,~I. ... ~ba.'I#~ t So~ c """'4..tl e-.atbiou-' 
...... 

~ i\~ 
, · , ! ... ., 

, · · . 
1.. " r 

~~ 
· . · 

~ 
, 

s.d". 6u...,..{' •• .u.... ...r ! .. ,_ ft;...:I,.., li"l'l. · , . , Co -10<:- S~ ... .:" ~ q., 4.. '" L-..tt SD __ WW"\ 

~ , · . t.-~, ,~ ...c:t ,\it.. ~1t..~ ~~ "'~+-ed I ~-......:.. t r~" .. o .... ~ -s .. J,~ .. l"""', s.--.. 
~~ 

.. , 

· of ~la... """'" n-O-. .. , ............ "",,1-(--. Sct .... ,,- ..... ~ +c> p .... ...u.u 
~ ,,~ · · · - , , '1(_ ........... ....... 0\. ..,... ~l-. ~~ > """'- J 'tiitti" ... UIii' • 

:'5"''-~ , . • · , . 
1\\' · • ' , 

J. ..... · . .,... · . , · \\\ · . 
, . , · . · · IlqL ' . · ' . 

\\\ 
' .. • · , - . · I 

'. . · · I,,,,., · , · \\\ ' , · , 
, . · . 

\ \ '\ · . · -, 'n." .' . · . · , , 

. \ \ '\ -. 
: . , '. · . B.,.... o.f ".:... -t .... -t <€ lC f'" ,,¢~ . f taa(\\\ .. . . 

I .. ~. 
-_ .. 

'w .. . 
'T't> 1'lI<:>."3""1--n..._~ ""3 floo ... d o. ,,..,.. , 

i 

f ~'f-I J 
. - -----.- . 

e ":5 11
.(0 ~5J'1B1 :9 - '. p f!'if't'i 1"<:fO fa 

I-

l-

11/2.15 

11I'.~7 

111(','5"" 
1~(,.\1IS 

In .. ~4 

II/i,n 

I 



c: g 
m ., E 

~ 0 ... 

:}-. 

Vl 
I 

\) 

~ 

I,-~ 
t 

~ 
~ 

\II 

j 
~ 
U 

> 

il 
-gE 
(/)111 

-E -.c 
a. ., 
0 

o 

'--\...\.: 
~ 

-~ 
_~ o~ .. 

\7 --rz. - --
--- --

------'- ---
= 
~ 

-
--<'-. 

= 
-"'" 

'--" " v 

\he 
~'-
~ 

br;;q:)hIL \og 

DRILLHOlE:§.M.R'-v.'~Rl{/lC:K - 7 

Description 

Sheet.I. .. of .. 6. 

.c 
c. 
m 
C, 
o :; 
o .2 c. .c 0 

is a.. U 

~~~+4~~4_---------------------------------------------------------+~r-'--

" .' 
.~ 

<:> 

.'. 

.. - -

l---+--,t--JI..+-1~+-+-+--'-~--'-'{L1:'" J..c,. .... ""~').-="'f"'P----->-q ... <Z.-i'E~-......~'""'....:.~- 0 f /.......... h ~D Ie. 'f. {~ h s t /:.,.. t er/fA. 

rlu ,L _~ lut "" ~_(j:~ 1\ 
--

/ 
If 

£ 
'-l--:l-d-:--H---+-lt-.J--+-+----------------- -- -- -------------------------------------_+_-+~I___t ~ '" v=v ~_+__IH_+__I_+_~4_---------------- ---- -------------------------------------------+---+--1----1 

= 
.-<1 

----
G-~ ~ at? r (; i .......... _~c .... {_".,~"J'1----"S'-1.I-'-r .... s7"-',,"--.,.)-_~~'-'-' L1 / "-- l I ~-

I---~H_+__I~+++L/'--"''-=.>~I :-=...~_Jl~ _ _'~_~ __ ---------------------------------------+--~+--I 

A ), 

;;;:;;: 

-
~ 

.- .-.;.. 
===-t\. 

A J..' ~+-lH_A---I~++_+-I-I·,A.."'-L5-r-,q..~;-:.J./~a..---~J(J &~ 1:'1- (,oJ-{1t.. --;,pl<.~ if, t Ci~- ~.t:;.I. v J 

~~--~~~~~=i~~~~~-a~-~~~O~T~. r~ft b/of~r_~b~~~~~~J~_-----------------------------+~-+_~ 1/ A A 

c.{ .... ". S/-ref' fAr.-fl r-:-~ A/~ ;< fa.... k I ( 

! I ~/) Ie.. 19 , ____ __________________________________ --+-----"1--+---1 



;.. ~ 

, , 
~ 5 '(ii 

Sheet .. ~ .of ... (:, .. 

2. S - 50 IV) 

> 
Description 

c - g! g E - §f ., 
&:. 

<II E a. 
~~ ~ 0 <II 

U. 0 

--fl 

... <1 .-(( 

'" 
A. 'J .. - -.-

"7 - { C T I fJ l ., r "7 ., , - , . '.' ''"L 
I I 

, 

-. ;- , \ 1'-1--.:.._ ++-Hrl 

~-+--+--Iw:"" ... 
l-:::--+--+---l .' _~?"~ /t--~I-f++_H++---;--------___;;:,__---------:__--------_r___t___t_; , 

} J t. ".~ d_ ~~h,;""""" I.k '2 "'1 ---..:c.,.. t'.f'k.J "/ ,. ."l ~ 

J ( I 
, 

'. ---- ~ • • v/..J.<..h 00 t c...-"'o./V' ?-I.e: v.) h .' 
rl==~=t=~ff~~-=--':"':""~----'--------=~''--'--------'----+-I--+--t 

-. ... --::, -
J. -' ~ 

... E::--
r-""""li 

r1 
;/.' ) -.:.; \ 
-' '-

.t/._ (-'~;.,,( ~!'''1 ~-~crv~€'V";)J I,..... ';,.-.iT~""c...(--,,~ 
• ~d J... • .P=<o.~. 6.;."J..-fr-c'f; ..... >c-.--17"'V~-~~1--r--+-~-t 

~~J\J/~.~ A:'~l-jl1_' . .J-_. ________________ .__ .. ( -- I--
1. 

...-", 

, i 

,/ ./ ./1---l--+....f-1 .. '--H-' +++-+---------~----- --------~-----~.~---------~----.-----_+__+__t__t 
) ." \ 

t---+---+--t-' / /I-r-+-t--+-'t-++t-t-+-t--~----------------------- ----------~---_+_+-I__t 
I'" .... ~ I 
.~~~~~r+~~I---------------------------.--------~-~+-~ 

J / 
/r-+~~++~~---------------------------_+~-~ 

_/</, . 
t---+---+--t I=;+:t+.:j::t:t+:t;t----- ---- --- -'.- -----. --.-.------------

(I , , 
--"-- ----------t--+--+__~ 

~ 

~~~~ v-fH) +-.J~-hH-+-"- -----------------.-- ------------------------1I--+--+---I 
-t of .f(- 2 1---+-+--l 



b( 

I 

r 
t 

DRILLHOlE: . .?,,~. R. ." WA .R W l (>f<: '£. 7 Sheet ... } .. of. ... ~ 

Description 
.c 
a. 
E 
g' 3 
o 0 

a. .c '0 
(5 0.. U 

I:::" ~ 
~~~~++~------------------------------------------------------r-r-~ 

-

r.---::t-+--tt1H-++++----------------------------------------+--l--+--t 

I--+++tt+-t-++- - -.-.--------------, ----~-,---- - ~- -------- --r-
A j- ~,ff;;, /(;, {rl-c ~'.Yl \,-<-~ • .."" L C .J--,,-.j ""-,,,.I.u ,{i.. ' 

i\--
~ 

I~ 
~ \) 

h-l-4-,I--'. ~f.-H+-~.(rLI,Je::l::..-:::::'"""-'cf('--i.c/lIor-..~~,r-...~~.~ ~.J-~=--j~.<1.'_j/"-'- 1- v-. , --:,-~ 
t-----f'::trl--lf-U r-_t_+-+-1.t-t-++++------ -- --~----.-~----------------- ------+-+--+--f 

~:c-+;-"-t--l --../JI-'--t-+-+.-1IH-++++---------------------------.-----------I--+-+--I 

"-t---+-+--I~~I_'__t_+44'~++++--------------------------------------~_r_+_1 
~ 

"-1 
" 
-S ~ 
;S ~ 

t-h,-,+-+--I-G ~+++4-HI-+-1H--+------ - - .---- ---- --- - ---------~-------------

~~~~.\rH++---------------------------------~+-~ 

I-f"r+_+__l t--_+_t-'t--H+-+++_+------------ --------, -----------------------+--+--1--1 
./ 

s: 
~ 
~ 
~ ~ 

-
~~_+__l~~ .. -+-t~~+++-+--------~----~--------------------+~--~ 

_ .~t-.---1, y' -t' -+-lI--t-+-H-------------

~trr-+·~ r--+-t~~+++_+------------------------------------------+_+__+__t -u 
~ 

t---+~--I~" ~.-.-+-t~.~r+++-l-------------~-

~ . ---~-------------~- -------+-+--I--f 
-,/ .::, . .' 

,...1... I # 

"---+-+--l~ ~ '-f',_=::~.~Ft=il-itbll~t.~~c----- ---I-4c;; ~ -~-~ tA;'~-?h 7r 7" > ,; tI'T 'i:-n; ~~ £ ....... 

.-- ,-- - /." -ptV, 1 t 2. --=--L~ __ -+-<", "~_J1-+ c£_f..-..~'W!!-______ +--~-+-I 
, ~ & ' If 7 ~-+--+----t-"" 
I b8·~ 

~~- - ~ , ~ j. ,,1 

t---+-+--r ~~~.T-tIl-rtllt--jt~~~A-~~~~~-ti~.~ ~~-.~~.~7'-r-.(~Y·~~~~/'~~"~~,A~~~-~~~.~~-~~~'~ft--I-~-r-t-1 

"","- ... ~ " ! ~ , 
t---+-+--r ~~~~$$~--~~~'~~~~~~~~~~~~-~~·~~~1~~~~~~~~~~'-I~~~_t_t_1 j.. 2 ~ M L4{ f. f;;, ':-' "I"\. - 0.- V' "'" .. - ~ '- ( c.. '-""'Y/"1 ..... .... -~- • 

" .0lil, 

7f-" ~ 

'2 )/ (/' t---+""2-t---J /1' /7't-' ...... t-t-';--:tr+-t+++--------------------r-----------+-f--~ 
~~~I~-\-+---+-__ ~/' • '1\ 11.--.1. "'td7.. ·{ ... i{t t:. ;/ - ..(~,(~ 

v 

f2 1< ~~ / • .~. ' \ v , I , 

~ ",,' ""' '/ /. '. 
t--:"o<-\1-t-;~:-rl---r" . '-',' I-' .. o...: •• \'l-t-.:+-l~+-+-++------------------------------_+__t--,I__I 

\)-- ~ /- _J .: • . " 1\ 
t----+-,""j' +--i ~~ / .. i. \ 

.. -----------~-------------__l'_____,J.....--+--( 
'~/1-<5 CoIIO 

30 2/351 (:>;';;) 



DRILLHOLE: &/IF. wAf( II,/(CK. -:-7 Sheet J.r. of. 6. . 

"0 75 100m 
c: "0 Description 

:> '" c: .c 
c: - ~~ ~J]l~ i 

0. 

0 E ~ 
;; - §~ 

en 
~ '" J::. 

0 

E a. (5 0 
G> "02 :> :> "Ojgl~ 0. 
en (5 G> G> .... dit~l:i ~ i5 

.c "0 
c! LL 0 UlIr.I 

!l. U 

1.,..,-

"----~ X'/a:...- en X I~ .... d.;tl... .... ~ /C"'""' f J ( c.....,,{;;d,. I---' ./ 

.cL-u. ~ .. r: ~""..~.:... p<>""S,~ ~ s,' '" ""'-.L ~L 
./ ./ ./ .../ 

~ 

r'--~ 

I"---~ "---

~ 

-~ . 
. ~ 

~"-
"" ,,, ~'-
~ 

X 11l_ V 14- L.. 
~.' C-~ Ic·d.:t_ I -L... ><. 

~ I ~ 
J " 

~ d_ .A. S' Di'OW.+/;o...<-r ~ L it. Ia. ~ 1-2.~ .t<. /'I..h 
J J ..; v 

'-- "- ...t; ........... A-

~~'- ! 
!e..c ~ ~ro<".. ..... . 

"'--"'-"- _ . .. 

"-..\ .. \. r--' - - -- - ---~---
-------- - . -- "" .. 1--

.0. 
"-..\....~ 

IV", 

\\..."-
.lLl 

~ ~\. 
._-------

\J ~\. -- .--~-------------------- -----.. 
.1\ ~\:: 
~ 
~ ~~ X /a.-... ~ c~ I- u-c. ss __ 0 ____ -

V\ 
"--\..... "-

... ~~ X I ........ c..~S" L ~ Leu- ___ 5"5 ~J...;... t2.e "i.!.J.L.:. ~ a...1" ~e. 

A \....~ 
, 

IQt) 
~ ~ -----
~ 0 0 10 
~ ~~ 
\j-- ~"- X /CL....... ._ ..&-':..A-l-.....l..s-.-2. 1- "t.,t....:-/ 1- ;z """ f l CrY'C-,~ , ~ .t 

\..L"-.. I /. . ./. 

~\: 

\....\.\--
---~-- --

'-.....'> ------- .-~-----

~'-..-- , . 
la ..... -

-

.A1~s r- L. ":"-r ft>.~..f.-l ~<" ~ r~!.LL, 
-" '-' 

-
-

-'-
-

- -
- 1("/,£;<0/ 1;) 

39 2,136 [ (4- '" 

Ifec.ord ! 99'0/8 



Sheet __ S: _ of. _ 6. __ 
100 -/25/>7 

>-
Descri ption 

J:: 

I ~ : .. il .. t: C. w 
0> 0 CIl 
c( U. 0 (1)111 

C. 
E 
0> 

~ 0 
0 0 

C. J:: -0 £5 0.. U 

I", " 

f--

--' ----
--<" -----.. oJ 

=-
.-<\. -J":L L 

~ 
~ --

-<' 

-
r .-<\ 

--
-;'\ --

fj 
-------------'--1 
~ --.-----
--------

------.. 1---+4--+-+-++++ 1--- -- .. - -.-. -- --.----- - --------------------.----.----. -- ---------- - --- r-----

---- S'~ ..:>.....61.,/4 (~_ 

t--.L-t-1-.j.--,---lf--~~4_~++-- - - -.----.--. - -- - -- -- --.- -- ----------------- - ._---- --.----------+--f----jf---l 

~++-+---l_+_J+_+_+~ R_~~=--- c. >J, ~ g t) n...., s=~) ,~ 
~+t_+_rt+++_+------ --------------------------------+--+--1---1 

-+--++-++--H-+++c..=-~=_=_;a:,.,..~~---'-X'-=---'='/ 9 ....... ~_-'C::.:s~r ~ 'f-h. a.- £ . .r W1...£J //t.-fedeA-
AOC....... -t-£....J I/f, r £p L.I,',,-,,> 

t---+++++H-t-lf--+----------- .-.-----------,-----------------+--+-+~ 

~++~H++_-~P0=1~'·~h~~~~~6r=O=W~,~C\~4~~~&L~) _____________________ ~~~ 

/ 

~-+-+~ _-~ r-++~_rr+++----------------------------~-~~ 

Record 1990/8 



DRILLHOLE: .1?I~ K. .w. Af<.: v.J I (.f( £.. 7 
>-

c ~ "" o E c: e 
i;; l: ~a 

., E a. :OU2 
ell 0" ..... « u. 0 CIlVl 

Sheet ... 6 ... of .. .. b .. 
/}5 - /4-6· 55/>? TO. 

l: 
Q. 

E 
g' 5 
(5 0 

Q. .l: 0 
Ci 0.. U 

! 2';; .. 
12-S". 3·'f'---+-+--1 /if ~ [l1fI;:-.~· •. t·:t:tttUU--f.7=.-~ .~-{r-,---l~"'" ~-H..fy.-AL:..tl.~.A> I~·~~~·~-,-I£:i i1~1-;..:~~:=::.-________ +-+-_ I--

11~ ~-~~~~ / i=~~~W4~----------------------~~~~ 
~",-" '. 

~~~-1 ~-444~44+4-----------------------4-4-~ 

~~~~~.~.4.++~++-------------------------------------+~~ 

.' 

~ /}o 
~) 
t----' 

~ ~!f / . 

.-.....- "' 
-' 

, 
'. , . , 

/ f.. " 
t--' '1 

" 

11 
. -

f-; 
() 

~+-J-+-+-t+--H+.+ ... .. - .. ------- -~--------~.--------------~- ------- -- r---
Q 

D 

11tf'7i) r--t--+--i ../ .../t-'-H:-l-H-t_i-t-t---------------------+-+~ 

t--+-t--Ir-<"/' 0 Ie ~'Vve.&.-~'yJ-<,-l. ~ ~J.-.r.-< ~ LV>-tC '~"\-t-"l~f1 ~ 
'. ' " ., (/ ~?-r-r/!/1 ~ CdG.dtA,L.n-t ( 0.--. '//"-' ""'>-

1--0 ~-+I:>-+-FP+++--.~-~~ Ii f~ ~ h~;' A-hCP >-5 ~ b y-trV-,./ ~ 
r--t--+--l . ../--- f-'-,-' +-f--:-~+-I--'-1H'-1- ... ---'·4---" ....... 'I.~vI'---~Vt7/ffvy~"-~ \--'~~~...d1!-....1.t:'""I~~. =-~/--L~<..:..f.4-~--..!d~~~(~jq·tc_\_+._+_I 
t--+-t--f._,6 " -fr./< IL ra-t t U--t;.:i..; v'.M ~ Ao -I-l /L.'!:t:l. ,-' 

: - ., D Ie:: 0 ..iJ A...I LA.LA :;I~:' . I "t! ( 
v f 

1G,/K"c;, "0 
30 2/36 "I(tO/"') 
Necorc 1990 /8 



uJ~ 
...lU'l 
t:l1/I 
R4 
-Q! 
~::I -, 

? 

Ll -
(f1 

(/I 

d. 

~ 

::J .., 

~ 
..J 
eX 
4:. 
u.I 

I-?-

u 
-
ell 

en 
4--
O! 
t-

uJ 
l-
.e[ 

...l 

- ----
Walloon 

COdl M cz.a ~u.rtl.<; 

Koukandowill. 

FDrmation 

I-Ia.itcz.r Cra.a.k 
S;;}ndt;.1:.orlcz. 

0- M<lmba.r 
j 

Q 
Ma Ma C.V"CLrz.k '-

0.. Cf"\ 
MCLrnbcz.r .Q 

:::J :1 
til a 

~ G@HDn en 
<!I I.-

~ Sancistonll. 
..Q 

!.-

<1 
2 KDra../l. Ian 

(9 1 
« Mbr 
c£l C.alamia 

MCLmbcz.r 
:2 Q.. 

« 'j Ri pi CLy Road a 
\.. 

Sdnd St.DnlZ. p ct> 

Z 
..Q 
:l 

:J 
VI 

RaclZvi CLW a 
Formation c(] a 

~ 

C1I 
(jl 

Layt.Dfl s. Rd.VigtZ. 0 
0 COV'lg\oma.ratll. 3 

A 'V' ./VV' J' 'V'I./V' 'V'\./V'\/V' 'V'I./V' 

Ip~wic.h 

Coal Mcz.a"'Ll.ra.~ 

Nymbo\d~ I 

Co-al Mcz.'aSLl.r<l.S 

CSJ 

~ 
c.J 

~ 
O!: 
~ 

3: 
,.... 
::i: 
cJ 

~ 
Q!! 
4 

~ 

1 

1G./l-ISc;,/3 
R~ordW~DI8 

Fig.6. 5hatiqra?hy (yF C.laV"t1.ncil._MoV'll.ton Bas'tn and 
cor(cz\ation of BtVtQ WayWlc.k. 12. and 1 s.a.qua.v\CIl5 





1000 

~DO 

~oo 

700 

>< 
t:I 

-g bOO 
>--I 

!::: 

1:1 500 
IJ"l 
<l 
~ 

~400 
:c 

300 

200 

• lao • 

0 
o 100 200 ~QO 400 ~OO 

Dxygan Indtl.x 'fo/HSr../S 
• SampJa. f'mrn BM r<. Warwick G ReGord I~~O/B 
• Sampla.. frcri"l BMt<. Warwick. 7 

Fig.a. H~drb9a.n inda.x/oxIj9tZ.n indttx plot 



1000 

~oo 

_8DO 

~ 700 
""Ij 

.E GDO -+---_~ 
c 
~SOD 
a 
~ 

1,400 
:I: 

300 

200 

100 

t ... 

". 
... ' . • 

IV 
• 

IT 
•• 

•• 
... 

•••• III 
~ • D;----------r--------~--------~----J---~ 

430 440 450 
T max (oe) 

• Sampla. frorn BMQ. Warwick. 6 
• Sample. .fr~M BMI<. Warwic)c:. 7 

Fig. 9. H~droga.n indtlx/T max plot 

4bD 470 
1 G./HS G,/G 

Rec.ord r'}~OI8 



BaSil. !<oukaY\do,.J(/t Fm 

Basil. MarbLLrt;l Sub~rou.p 

Ba~ct C.luolZ.oc.lZ._Mora.i:on 
Sa.C\ua.nc.tz. 

BM~ W~r .... ic.K G - 1 k ..... W of SP Ig~O . 
BMIl Wa.-"'i,c.k 7 -G km WSW of 5P 1'3'30 

SP 

TWT(s) 

1l.1l1l ~I 

t 
til 
W 
lS) 

.•. - ~MItJ'(I~ 

1.1l1l <'iJrM~<:"fi!i 

.... 
W 
I\l 
lS) 

.... 
w .... 
lS) 

m ~ 

.... 
w 
lS) 
lS) 

~ ~ 

.... 
I\l 
ill 
lS) 

I\l 
CD 
lS) 

,.. 
I\l 
-.I 
lS) 

LINE 85-MS 

.... .... .... .... .... 
I\l I\l I\l I\l I\l m U1 .... W .... 
lS) lS) . lS) lSI lS) 

~ ~ i i ~ i ~ i ~ ~ ~ ~ ~ ~'i i m 

Patum 01") 

Fig.IO Position of BMR Warwic.IL band "7 In ra:.ldtlon to 5lZ.isrnic. sll.c.t.ion 85_ MS 

.... .... .... 
I\l .... .... 
lS) ill CD 
lS) lS) lS) 



ZONES 
Pric.fL ant o-i:hers, 

IS 5 MCTa99a rt} 1963 Wcz.lls aVId othe.rs, 198B 

PJ4.2 Haj-ra.r Ha.ifrz.r· 

PJ4.1 
(ra.a..k Cra.a.k 

5andstclltZ. Sand c;\:.on(l. 
uJ 

Ma.mba.r PJ3.3.2 Ma.mba.r 0... -
3: 

'Z :::l 0:2 
t=l 0 

PJ3.3.1 a a 2t= 
- Ma tv\a c.ra..~ k 

4..::( 
Q..! ::"l~ Ma M'll tra.1l. k. 1- Salndstona. :::Jo:! 
(.!] 00 

<! MlLmba.r ~I.l- M<Lrno<L(' 
PJ3.2 cO 

~ ::J 
oJ. 

Tll.nthill ({l 
a 

PJ3.1 u.. 6=WinwiH) 
CO(l~lo"fI(z(' ate. ~ 

Ma..Moe.r C!! GATTON 
0 :::J SANDSTONE 
~ ca 
::J oG Kora.alah dl Gatt.on « Congiama.rat<L PJZ.2.2 01 

:2 0:::( Sandsi:on(L M a.mofLr 
2 

P J 2. 2.1 Ma.mba.r 
Calamia 

P JZ.l 
Ma.mba..r 

R I PL£Y ROt\!l RIPLEY ROA.n 
PJ 1 SI\NDSTONE ~AND5TONE. 

I Go /1-1 5 MB 
Record 1990/8 



TABLE 4 

BMR WARWICK DDH 6 
DESCRIPTIDN: JURASSIC PALYNOLOGY OF BMR WARWICK DDH 8 

-------- -=m~~~.wN-=====~=m~~~ •• wNNN--
=N=.=CN=N~==~-W==~-===.~=·=-
~~~~.~~~~~~~~~~~~~~~~~~~~~~~~ 

HEIFER 
CK SSt 

MBR 

KOUKANDOWIE FORMATION 

UNDIFF 
:J.~.~.---c:o-

_ ... _____ .,'Il"mnmlWIlll:nrmmmmm~tIIllJcr~n-Jn!UJ·IJUl::cJ:x:z:::c::n:wImr~ 

1"= ._._ 
. CO----CO--CO-C:O 

'Wnmmmmmmrnl!!l!!1 I _ ' iii I "!!IIrnm • IJlIIlD_lTmrrumml'T1TrJ:'rrrr_ "l'II'!...o.-

= . =--=-. . - . =--=--. . - . ----c:o . -
Ci'II'" t::::eo--"ii mm =====- CC1. 

=.-.=.---<X:J----''---------=_=_---= 
-==-. . =---= . - . - . co . CD • ----" • - • --co 
c· .~.~ .. C:CI CD 

mn,-rrn • mmmmmmmmmlDmmmmmDl1lDJD1D~mmmr' 1,.1.1' I I'iiilt!!IIf[T' 

.- .--co 
---o.:J --c=::>--CJ:l --=--=-----=---.-. ~ 

_, iii. .' 

" " " " • CD • CD. ,-. 1:==='Cl:l "':l'=>-----...,..--
- . C=== i , , "i!!i" 0--""" Iii i!"~ . mIlD • --c::c--

. c::o • --.c .. iiii!!' , , ii' , -== .=mJ!Il. • --co----c:t: • 

- .-- .----. ".- .-- '--'CD'-'- .--.-

I II.i,'".,,!! iii --.crrrmmmnmn,tl i , Lt:L~mmLL:wnu--mnu::c::z:z:I:J::Ct:IIIIIl] 

~ .. = . =---=0--0::=0--. CD • ~ 

=-=-
CD .c:o- .. ~.~ 

. crrrrrrn--
.- .--.--<::0--. II' .--"" 

• - a c:x::::c:: • cn-c'''''xrTJX,....- , " .. '" i """"liili i WilD-- • """iiI""'''''''iI!iiiiill! 
. = . ---co - -- - , ___ . _C'=:' '0-----
.~ "11.____ CO-. ocx:::a::I:J.----
-co-- ' 

-CD· '-=-'CD' 

,- ._-.- ."-- ._- .---- -= 

," 

• ---- • 0-=rrrtT"0 .-.-.----
." --co '--<lDlll 

.-. . = . c:o--c:c ' 

. --= . =--co- . ---

. - .I±l . 
--', . 

. --= .----o::J 

.-ce. 

.. ~--- -~~~ "'Cm 
Il Z 
II .. 
II-

i' :: ;' ;;t'. ~ 
= ..:c ;; :e = 
i- ~ ; 

~ ~~S 
i ;~~ i! ;' 

Ii == 
u~ 
II 

" - " I: ~m= - ... '" 
II 
II 
II 
II 
II 

!2: • 
-< --",---VV ;;. " V V _ .... III __ CII,CIt U"I 

a~~~~~ 

-<en ...= => =e'" m= ",,,,, 
..... 

:: ALISPORITES LOWOOOENSIS 
:: ALlSPORlTtS SIMILIS 
!!ANAPlCULATlSPORITES PRISTIOENTATUS 
:: ANNULISPORA FOLLICULOSA 
I: ARAUCARIACITES AUSTRALIS 
:: COROLLINA spp. 

II CYATHIOITES AUSTRALIS 
:: CYATHIOITES MINOR 
I: CYCADOPITES FOLLICULAR IS 
II OICTYOPHYLLlOITES HARRISII 
:: DICTYOPHYWDITES MORTONI 
II OUPLEXISPORITES PROBLEMATICQS 
II FORAMINISPORIS CAELATUS 
I: FOVEOSPORITES MORETONENSIS 
I: INAPERTUROPOLLENITES TURBATUS 
I: ISCHYOSPORITES MARBURGENSIS 
I: KLUKISPORITES LACUNUS 
:: LEPTOLEPIOITES MAJOR 
II NEORAISTRICKIA SURATENSIS 
II NEORAISTRICKIA TRUNCATA 
:: NEVESISPORITES VALLATUS 
II OSMUNDACIDITES WELLMANII 
II PERINOPOLLENITES ELATOIOES 
II POLYCINGULATISPORITES CRENULATUS 
I: RETITRILETES AUSTROCLAVATIDITES 
:1 RETITRILETES EMINULUS 
II RETITRILETES RETICULUMSPORITES 
:: STAPLINISPORITES CAMINUS 
Ii STERE SPORITES ANTIQUASPORITES " 
II " • 
:1 TRISACCITES VARIABILIS • 
:: lONALAPOLLENITES DAMPIERI 
II lONALAPOLLENITES SEGMENTATUS 
\\ ANTULSPORITES VARIGRANULATUS 
ii CAMAROlONOSPORITES RAMOSUS 
II RET/TRILETES SEMIMURUS 
II ANTULSPORITES SAEVUS " 
II ARAUCARIACITES FlSSUS 
II ISCHYOSPORITES CRATERIS" 
II CAOARGASPORITES RETICULATUS 
:: INOUSIISPORITES PARVISACCATUS" 
I: ROGALSKAISPORITES CICATRICOSUS 
II CADARGASPORITES BACULATUS " 
II CAMAROlONOSPORITES CLIVOSUS 
II UVAESPORITES VERRUCOSUS 
II CALAMOSPORA spp . 
II RETITRILETES CLAVA~OIOES 
II RETITRILETES ROSEWOOOENSIS 

RETICULATISPORITES PUDENS 
KLUKISPORITES SCABERIS 
LYCOPODIACIOITES ASPERATUS 
DICTYOTOSPORITES COMPLEX 
VITREISPORITES PALL/DUS 
POOOCARPIDITES ELLIPTICUS 

II BIRET/SPORITES SPECTABILIS 
II STAPLINISPORITES PERFORATUS 
II STAPLINISPORITES MAN/.FESTUS 
Ii RETITRILETES CIRCOLUMENUS 
II GLEICHENIIOITES spp. 
:1 lONALAPOLLENITES TRILOBATUS 
I: MATONISPORITES COOKSONIAE 
II TRILOBOSPORITES ANTIQUUS 
II II ALISPORITES GRANDIS 
II CONTIGNISPORITES COOKSONIAE 
II I: DENSOSPORITES RACEVIEWENSIS 
II LEPTOLEPIDITES VERRUCATUS 
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ii RETITRILETES RETICUWMSPORITES 
I: ANNULISPORA FOLLICULOSA 

ARAUCARIACITES FISSUS 
CAOARSASPORITES RETICULATUS 
CYATHIDITES AUSTRALIS 
CYATHIOITES MINOR .' 
CYCADOPITES FOLLICULARIS' 
OUPLEXISPORITES PROBLEMATICUS 
FOVEOSPORITES MORETONENSIS 

:1 ISCHYOSPORITES MARBURSENSIS 
:: NEORAISTRICKIA TRUNCATA 
ii PODOCARPIOITES ELLIPTICUS 
II RETITRILETES AUSTROCLAVATIDITES 
II 
:1 STEREISPORffES ANTIDUASPORITES 
:: DICTYOPHYLUDITES HARRISI/ 
:: FORAMINISPORIS CAELATUS 
:: INAPERTUROPOLLENITES TURBATUS 
II NEDRAISTRICKIA SURATENSIS 
:: RETITRILETES SEMIMURUS 
:: TRISACCITES VARIABILIS 

ii =::;::;':~~;~:A~U;;!S 
II UVAESPORITES VERRUCOSUS 
j' ZONALAPOLLENITES DAMPIERI 

ZONALAPOLLENffES SESMENTATUS 
ANAPICULATISPORffES PRISTIDENTATUS 
RETITRILETES ROSEWOODENSIS 
INDUSI/SPORITES" PARVISACCATUS 
RETITRILETES CLAVATOIDES 
THYMOSJioRA IPSVICIENSIS 
ANTULSPORITES VARISRANULATUS 
CAOARSASPORITES BACULATUS 

I KLUKISPORITES LACUNUS 
ROSALSKAISPORffES CICATRICOSUS 
ANTULSPORITES SAlvUS 
CAMAROZONOSPORffES RAMOSUS 
LEPTOLEPlDITES MAJOR 

• -- • -- POLYCINSULATISPORITES CRENULATUS 
· =>--. . . I RETffRILETES EMINUWS 
• • • -. . II VITREISPORITES PALL/OUS 
• • • • -. :: ARATRISPORITES sp 

CHECKLIST OF GRAPHIC ABUNDANCE BY LOWEST APPEARANCE 

'

Abundant (>25%) 

Common (>15%) 

FIW (>5%) 

Rare (>1%) 

Very Rare «1%) 

~'lIionlbly Present 
• Not Present 
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