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SUMMARY

The Darwin River damsite, 28 miles south-east of Darwin, and two
alternative possible pondage sites, were investigated at the request of the
Commonwealth Department of Works. The investigation included detailed
geological mapping, diamond drilling and water-pressure testing of drillholes.
Seismic investigations, carried out by the Geophysical Branch of the Bureau,
have been reported on by Andrew (1964).

The country rock at the damsite consists of folded interbeds of
hard, strong quartzite, quartz phyllite amd weak, soft schist, of the Lower
Proterozoic Acacia Gap Tongue of the Masson Formation; and the underlying,
prominently-cleaved, carbonaceous, pyritic schist of the Golden Dyke Form-—
ation. "Several tight overturned folds cbserved in a railway cutting have
axial planes that dip 45° to the north-wests the folds plunge to the south-
west at 350. The occasional boudins of hard quarizite beds, slip cleavage
in the incompetent soft schist interbeds and sheared quartz stringers along
the bedding planes, are additional evidence of the strong deformation the
strata have undergone.

Diamond drilling at DDH2 and DDH3 intersected numerous narrow shear
zones at the base of the Acacia Gap Tongue. The shears appear to be strati-
graphically controlled along the formation contact and are characterized by
broken drill core with clay on pariings, decomposition of the schist to a soft
blue silty clay, and a high concentration of pyrite crystals. Drill core ard
water-pressure testing near the formation contact indicated a high fracture
permeability. It will be necessary to have an effective grout curtain
beneath the foundations to an average maximun depth of 100 feet. A chemical
grout would be preferable to a cement grout since the foundations contain a
high percentage of pyrite.

Two seismic low velocity zones were outlined by the Geophysical
work near the proposed axis of the dam. Subsequent diamond drilling in the
southern abutment (DDH1) indicated weathered rock of low compressive strength
from a depth of 0-38 feet; strong fresh quartzite underlies the weathered
rock. The strata were found to have a low to moderate permeability from 0-85
feet in depth.

Detailed geological mapping indicates that the low velocity zone
east of the proposed axis of the dam, was probably the near-surface expression
of the Acacia Gap-Golden Dyke Formation contact. Intersections by DDH2 and 3
at a'depth of about 90 feet showed that the rock is sheared, highly permeable,
and weathered near the formation ccntact. It is suggested that several pits be
sunk in both low velocity zones and samples be taken for laboratory testing.

The foundations of the pruposed dam consist of hard strong quartzite
interbedded with soft weathered schis%. The beds vary in thickness from 2
to 20 feet and it is expected that the schist will be found weathered and
decomposed even at depth (Apperdix 2)s It is concluded that an earth or rock—
fill dam would be best suited %to the comditicns at the site ard, subject to
further testing as indicated in the report, is feasible. Materials for a
concrete, earth or rock-fill dam ave available within the distance of economic
transport, but further testing and proving of reserves will be needed.
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Serious leakage is not expected through the saddle areas.
However, further investigation of the second saddle site will be required on
the completion of a topographic survey of the western part of the reservoir.

Geological mapping and diamond drilling at the proposed pond age

' sites has shown that, subject to the clays being stable, Site A would be
preferable to Site B since extensive grouting of the foundations beneath the
river would be required at Site B. The fourndations at Site A are fourd to
consist of impermeable clay with rare bands of quartzite and crystalline
phosphate rock. It may be necessary to cut a deep slot in each bank at Site

A end replace the weak material by rock fill to enhance the soundness of the
abutments. The foundations at Site B are of slightly weathered sandstone from
a depth of 5-50 feet and would be of adequate strength for a small dam.

INTRODUCTION

Water for Darwin is at present supplied by pipe-line from Manton
Dam, 35 miles south-east of Darwin. Water-sheds to the south of Darwin are
formed by narrow ridges of resistant arenaceous rock of the Precambrian Masson
Formation. They separate flat alluvial plains which are commonly underlain by
siltstone and slate of the Golden Dyke Formation. The hot climate and shallow
average depth of possible reservoirs would result in high losses of stored
water, relative to capacity. Generally the ratio of catchment area to stored
water volume would also be unfavourable.

A request by the Commonwealth Department of Works, for a geological
investigation of a damsite on the Darwin R}ver, was received early in 1963.

The proposed scheme involves the construction of a dam across the
Darwin River, and consideration was also given to a small pordage dam six
miles farther downstream to reduce the length of pipeline to Darwin. The dam
may have a maximum height of 75 feet and 2 crest length of 800 feet; a
max.mun storage capacity of the reservoir would be 143,000 acre/feet and the
surface area 7,600 acres, representing 8% of the catchment area which is 78
square miles (Hays, 1962). Additional catchment would be added to the scheme
by constructing the small pondage dam. .

Location and Access

The Darwin River damsite lies in a gap in a north-north-west
trending ridge of quartzite arnd schist metasediments, and is 28 miles south-
south-east of Darwin (Plate 4). It is on the Darwin 1:250,000 sheet (SD52-4)
at latitude 12750, longitude 130 58'. The proposed axis of the dam is half
a mile to the south-east of the Darwin River railway siding and a hundred feet
to the west of the railway bridge (Plate 5).

Access to the site is by the tar-macadam Stuart Highway for 35
miles, thence 10 miles westerly along an all-weather gravel road to the former
Royal Australian Air Force (RAAF) construction camp (used to house personnel
working a nearby quarry), and one mile south by bush track along the Darwin
Rivew.

The two proposed pondage damsites are within a quarter of a mile
of ome anothber, and can be reached by bush track, 4 miles north-westerly from
the Southport railway siding (Plate 4).



Previous Investigations ) : 2

The geology of the region embracing the damsite,; storage and
catchment areas, and pondage sites is reported on by Malone (1962).

A preliminary geological investigation of several possible
demsites was carried out by Hays (1962). He reported that ‘the Darwin River
site near the R.A.A.F. quarry was the most suitable of the four sites
investigated. The site is not as favourable hydrologically as the Adelaide
River site but has several economic advantages. The lower cost of the shorter
pipeline and lower pumping charges would be partially offset by the need to
re~route the railway line if the scheme was approved.

The strata at the Darwin River damsite are interbedded quartzite
ard phyllite of the Acacia Gap Member of the Lower Proterozoic Masson
Formation. Hays reported that large faults are not apparent in a railway
cutting through the damsite, where the rocks are well exposed. The sedi-
ments strike 015° to 025° and dip 40°-65° west-north-west; joints are well
developed and dip easterly. Seismic testing ard drilling, to determire depth
of fresh rock and foundation conditions beneath the river banks were recommended.

The Darwin River pondage site was described (Hays; 1962) as
extending for about a mile in a shallow gorge in the Upper Proterozcic Depot
Creek Sandstone Member of the Buldiva Formation. The sandstone is strongly
gilicified and well jointed; bedding is flat to undulating, and joints are
‘sealed’ with sandstone breccia.

Barclay and Shields (1963) described the rocks of the railway
cutting at the damsite, as interbedded quartzite, quartz phyllites, and red
and grey banded shale with occasional black slatess they noted the presence

of iron and copper pyrites near the centre og the cutting. Several tight, ¥
cverturned fol%a with axial plane dips of 45  to the north-west, plunge at
an angle of 35° to the south-west. Drag folds, sigmoidal (slip) cleavage
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in incompetent soft rocks, amd occasional beudinage of hard quartzite beds
were also mentioned by the writers.

The faults noted in the railway cuttings are mainly bedding plane
slips with slickensides and sheared quartz stringers along the bedding planes.
The writers observed a strong photo-linear feature irending north-west for
a distance of 1% miles through the damsite, and suggested it may represent a
major fault zonegy Seismic testing across the feature produced no evidence
for a faulte Seismic testing of the damsitey two saddles and two possible
minor pondages was carried out by the Geophysical Branch of the Bureau
concurrently with the geological mapping (Andrew, 1964).

REGIONAL GEOLOGY

Stratigraphy (Plate 4)
Lower Proterozoic

The Batchelor Group of sediments are the oldest rocks in the area,
and can be divided into four formations which temd to be lenticular and tc be
restricted to the Batchelor region. Total thickness of the group has been
estimated at 5000 feet. Beestons Formation (1000 feet thick) of arkose,
greywacke and conglomerate is the basal member of the group and has probably
been deposited on basement. The Celia Dolomite (1000 feet), of silicified,
and in part brecciated, algal dolomite, overlies the Beestons Formation and
is overlain by quartz greywacke, siltstone and conglomerate of the Crater
Formation (2000 feet). The Coomalie Dolomite (1000 feet) topmost member of 4
the group, consists of silicified dolomite with some siltstone and calcilu-
tites
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The Goodparla Group consists of three penecontemporaneous form-
ations with lateral transitions from one to the othsre. The Mount Partridge
Formaticn, of conglomerate and ripple—marked sandstone; is succeeded to the
west by the Masson Formation, which is made up of lenses of quariz greywacks
awl siltstone. Farther to the west the Golden Dyke Formation intertongues
with the Acacia Gap Tongue of the Masson Formation.

The Masson Formation ranges in thickness up to 10,000 feet; it
consists of lemses of quartz greywacke intercalated with siltstone. The
Acazia Gap Tongue of the Masson Formation consists of silicified and pyritic
quariz greywacke or sandstone, interbedded with pyritic slate, schist and
carbonaceous siltstone.: The Member is about 3000 feet thick and interfingexrs
with the Golden Dyke Formation of pyritic carbonaceous siltstone, marl and
chert, The Golden Dyke Formation is readily recognised but rock types vary
considerably from place to place from thin-bedded siltstone, marl and dolo-
mite to massive and nodular chert, limonitic greywacke and pyritic carbon-
aceous dolomitic marl. It is about 9000 feet thick and conformably overlies
the Coomalie Dolomite.

The sediments reflect geosynclinal condifions, with a shelf fagies
to the east; and deeper water sediments, probably formed by turbidity
surrents, in the west.

The Finniss River Group consists of two formations, also with a
lateral facies relationship. The Noltenius Formation, of siltstone, greywacke
snd quariz pebble conglomerate, grades basinwards into the Burrell Creek
Formation, of fine-grained . greywacke and siltstone. ;

"Part of the Noltenius Formation was redistributed basinwards by
turbidity currents, as a result of which lenses and tongues of coarse clastic
material overlie and interfinger with finer clastics of the Burrell Creek
Formation" (Malones 1962).

The group is about 10,000 feet thick and structures typical of
turbidity current deposition, such as graded bedding, are present. '

Upper Proterozoic

The Depot Creek Sandstone Member of the Buldiva Sandstone consists
of pink ripple-marked quartz sandstone with lenses of hematite breccia and
quariz pebble conglomerate, unconformably overlying Lower Proterozoic rocks.

The sandstone occurs as remnants ard in the Darwin River area,
represents Upper Proterozoic sedimentation which is well-developed and widely
preserved to the southe.

Mssozole — Lower Cretaceous

The Mullaman Beds consist of sandstone, conglomerate, radiolarian
shale and porcellanite; they unconformably overlie the Lewer Proterozoic rocks.
The sediments are well exposed along the coastal ¢liffs of Darwin where they
ars up to 50 feet thick.

Much of the Tertiary lateritic material draped over the Mesozoic
sediments has been derived from the Cretaceous sediments. A desoription of
the alluvial sediments and ferricrete profile to east of the damsite is given
in the section on earth materials (see Plates 5 and 7).

Rum Jungle Granite Complex

The Complex crops out two miles to the north of the township of
Ba%chelor and has been divided into six major units by Rhodes (1964)3; 'these
are in order of decreasing age,schist and gneisses, granite gneiss, meta~
diorite, coarse granite, large feldspar granite and leucocratic granite.'
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The granites have formed a basemernt upon which metasediments rest ®
unconformably, and folding of the Complex has resulted in the Lower Protero~
zelc metasediments being domed over granite. Low grade regional metamorphism,
of the greenschisi facies, has resulted in mineral assemblages previously
interpreted as dus ic contact metamcrphism arcund the periphery of the
granite. A full account of the genetic relationships and distribution of
rogk %ypes in the Complex is given by Rhodes (1964).

Structure (Pia%s 4)

A stvructural study of the Rum Jungle area by P. Williams of
Conseclidated Zime (pewsonal communication) has indicated that three majoxr
periods of folding are presenis an early east-west foldingy a period of
nerfh-west folding, and a2 subsequent folding sub-parallel to the Giants Reef
Fault. The dominant fold direciion in the Pine Creek Geosyneline is north-
west, Fold axes trerd almos’ due north in the northern part of the Finnis
Graben (Malone, 1962) and synclimes are well exposed.

Two major fault zones are shown om the regional map of Rum
Jungle area (see Plate 4).

(1) The Glants Reef Faul$, which is a horizontal tear fault of
displacemen’ thrse miies, along which the wes? block moved north.

(i4) The Moun} Fitch Fault; alihough not well exposed at the surface,
has been expcsed during mining in the Mount Fitch Prospect. The throw has
been estimated at 5000 feet (Malone, 1962). The Mount Fitch Fault passes
close to the west of the damsite but lies outside the storage area and would
not provids a leakage path from the preoposed reservoir.

SEISMIC ACTIVITY

A seismological cbservatory was installed in Darwin, by the Bureau g
ef Mineral Resources during 1961. Enguiries have indigated +that before then
&n earth tremcr with a possible intensity of IV (Modified Mercalli scale)
cocurred about 1950. Significant earth tremors recorded in Darwin since
April 196) are given in Table I.

Table Is Earth tremors recorded in Darwin, April 1961 - December 1963.

Date’ Origin Time BEpicentre Depth  Intensity Comment
at (Darwin)
Darwin
14.2:63 7 C4 40.8 7.2S 128.2E 49Tkm II - III Foelt by
Banda Sea people at
Area rest.
Objects
swunge
4+71.63 0F 47 47 85 129.5B 100km V-1VI Some cracks
in buildings

and movement
of stationary
vehicles.
People ran
out of
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About ten minor tremors of intensity less than I are recorded daily
in Darwin.

The Northern Territory of Australia is not considered to be a
seismically active region. Epicentres of earth tremors felt in Darwin
generally originate to the north of New Guinea and it is considered unlikely
that tremors of magnitude greater than VII (Modified Mercalli scale) .would be
experienced in the life of the dam.

DAMSITE GEOLOGY

Interbedded quartzite and schist of the Acacia Gap Member inter-
tongue with pyritic carbonaceous siltstone* of the Golden Dyke Formation near
the Darwin River railway bridge (see Plate 8). Acacia Gap metasediments crop
out downsiream from the bridge over a distance of about a mile, but the

‘thickness of the formation is considerably less than this figure. Regionally

the structure appears simple, with a regular bedding dip to the north-west,
but in the R.A.A.F. aggregate quarry and the railway cutting, the complex
structure is apparent. The strata have been regionally metamorphosed and
contorted into isoclinal folds.

The Golden Dyke Formation tends to have sparse outcrop and to
underlie low areas of the land surface; it is mainly covered by alluvium
near the damsite. It has been intersected in power auger holes (Plate 5) to
the west of the Darwin River and in diamond drill holes (Plate 13) to test
the foundations of the dame The formation near the railway is overlain by
metasediments of the Acacia Gap Tongue; it dips at 50 degrees to the west
and strikes at 040 degrees.

Many of the structural features noted in the Acacia Gap Tongue,
such as very tight folding and boudinage, have formed because hard competent
quartzite is interbedded with soft incompetent schist, and the area as a
whole was subjected to intense regional pressures during Proterozoic time.

Areas to the east and west of the damsite are covered by a veneer
of Recent pisolitic laterite (ferricrate) and by sediments deposited by the
Darwin River. A description is given in the section on earth materials.
(See Plate 5).

Metamorphism

Prior to deformation the strata of the Acacia Gap Tongue probably
consisted of horizontally bedded sandstone, siltstone and shale. Strong
regional stresses have altered the mineralogical composition and physical prop-
erties of these beds,; to form compact regional metamorphosed rocks.

Schistosity, slaty cleavage, bedding plane slippage, and bcudinage
structures are features typical of strong deformation of interbedded competent
and incompetent rocks; they are found where interbedded quartzite and schist
are exposed in the costeans and railway cutting. The strata have been folded
into isoclinal recumbent folds which plunge to the south-west at 35 degrees.
(Plate 9 and Plate 1, Figs 1). Fold axial planes in the railway cutting (Plate
9) generally strike south~west and dip 45 degrees to the north-west. The
amplitude of the folds ranges from 1 to 20 feet; several folds of large
amplitude (50 feet) were noted in the R.A.A.F. quarry. (Plate 1, Fig. 2).
Boudins have formed where rigid beds of quartzite have parted in a zone of
tension with recrystallization of quartz between the rounded segments. The
bovdins are invarisbly formed in zones of strong folding.

Faulting

Detailed geological mapping of the railway cutting, costeans, and
both abutments of the dam has not revealed the presence of any major faults.
Some evidence of differential movement of strata, such as bedding plane slips
and faint slickensides, has been noticed. It is difficult to detect shearing

* Petrographic examination of selected specimens of drill core suggests that the

rock mapped at the surface and logged in drillholes variously as schist, phyllite,

siltstone and shale is, in fact, quartz-sericite schist (commonly pyritic and
carbonaoeoag% see Appeﬁdix 1 an& %.
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in the =chiat beds unless it cuts across the stratification. The plane of
least resistance o movsment would be parallel to the cleavage in the schist
© and imvariably minor adjustments have occurred along this plane.

Small zones of shattering and thin quartz veins were noticed at
the eastern secilon of the railway cutting within 50 feet of the boundary of

the seismic low velocity zone (see Plate 8).

Numerous narrow shear and shatter zones intersected by diamond
. holes 1, 2, 3, ix the sbutmenis and beneath the river (see Plates 10,
2), were found to have several features in common ViZey

o faed

(a) The diamond drill core is broken into 1-3 inch lengths.

(b) Small shattered pieces (4 inch long) of schist or siltstone
are thinly coated with kaolinitic clay.

(e) Thin quartz veins occur along the shear zones. v

() A nhigh percentage of pyrite crystals, up to 4 inch across,
are present in the zones.

(2) Tre zones invariably have a high permeability, in excess of
1000 feet/year.

Details of these crush and shear zones are noted in the drill logs
(Appendix 2) and a summary is given under 'possible cause of water loss' in
Table 2. (See also Plates 10, 11, 12).

A region of low seismic velocity to the east of the damsite was
outlined in & seismic survey by the Geophysical Branch (Andrew, 1964), and
postulated to be a shear zcne. The approximate lccation was given as east
of geophysical pegs F9, A8, D19, and C12 (see Plate 8). Detailed geological
mapping indiczates that the low velocity region coincides with the surface
contact of the Acasia Gap Tongue on the west, and the Golden Dyke Formation.
The Golden Dyke Formaition, consisiting mostly of carbonacsous, pyritic
siltstone, would have a lower seismic velocity than the much more compaczt
guartzite-schist interbeds of the Acacia Gap Tongue. The boundary betwsen
the %wo units has been intersected about 100 feet beneath the river by
drill holes 2 ani 3. ©Small shear zones were intersected during drilling,
close to and on either side of the contact. The small shear and crush zones
possitly extend to the surface along the Acacia Gap-Golden Dyke boundary
(see Plate 13). '

Ardrew also recorded a low velccity zone, interpreted as a shear
zoney, from the river to the crest of the southern abutment 500 feet distant
(Plate 8). The width of the zone was found to range from 40 feet near the
river to 100 feset along C traverse. Drill hole DDH2 was drilled to enter
the low velocity zone. The core, althou Engyokeng does not indicate a
major fault or shear in the low velcecitys  Closely-jointed weathered
quartzite, weathered phyllite and quartz phyllite, with some thin clay
lenses (formed by weathering along the cleavags) were intersected. Water-
pressure testing showed the atrata fo be nearly impermeable from 35 feet to
a depth of 100 feet.

Jointing and Schistosity

The beds of the Acacia Gap Tongue are from several inches o 15
feet apross with an average thickress cf 5 feet. Tension joints are present
in the quartzite near the ‘nose' and along the flanks of folds (Plats 1,
Pig. 1). Many of the joints are thinly filled with iron oxides and are
perpendicular fo the beddings their intersection with the plane of
schistosity of the quartzite (which is roughly parallel to the bedding),

L 3
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gives a 'blocky' shape to weathered exposed faces. Faint slickensides and
tedding-plane slips are common features at the contact between beds of
schist and quartzite. A well-developed fracture cleavage almost parallel to
the bedding is present in the schist.

The bearing and inclination of joint planes recorded from outcrops
of quartzite on both abutments have been plotted in stereogram form and as
frequency diagrams in Plates 14 and 15. Two dominant directions of jointing
and the plane cf schistosity can be clearly discerned in each abutment:

North abutment

1« A prominent joint direction of 0900 with an inclination of TOc
to the south. -

2. A strong set of joints with a bearing of 3450 and inclinaticn
of 50° to the east.

3. The plane of achigtosity has a bearing of 0350 and an
inclination of 38~ to the west.

South abutment

1o A strong set of joints with a bearing of 080° and inclination
of 750 to the south.

2. A set of joints, with a bearing of 355° am inclination of 60°

to the east.

3. The plane og schistosity has a bearing of 020° and an inclin-
ation of 38" to the west.

In the holes drilled in the abutments of the damsite, at a depth
of from O-15 feet, the joints were found to be filled with a red iron oxide
cemant up to § inch wide. From 15-35 feet the joints are filled with pale
grey clay and some iron oxides and have an average width of 1/16 inch;s
below 15 feet depth the joints are closed or cemented with a thin film of
pyrite. The joint spacing revealed in diamond drill core varies with rock
type, degree of weathering, thickness of the beds, and proximity to shear
zones. The number of fractures per linear foot of drill core has been
recorded in the geological logs (see Apperdix 2).

Plates 14 and 15 show a marked difference in the direction of the
long axes of quartzite outcrops in the two abutments: in the south abutment
most strike 360° but in the north abutment 035° is the main direction.
Moreover there is a difference of 10 degrees in the bearing of the two major
joimt directions in the two abutments. Topography may explain part of the
apparent variance in bearing of the outcropping quartzite beds but not the
pronounced divergence of strike of both the schistosity and the joirt planes.

ENGINEERING GEOLOGY

Permeability Testing

Teghnique
Equipment used is listed, with comment, in Table 2.

The length of each test section was governed by the nature of the
rock. Generally a 20-foot section was used if the water loss.was moderate
and. a 10-foot section used if the water loss was high (more than 0.8 gallans/
minuta/linear foot of test section). The position of the packer was selected
from an inspection of the core.
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A safe pressure cf 1 pound per vertical foot of depth from the %
ground surface *o the top of the test section, to a maximum gauge pressure
of 40 psi,y was used. This value was estimated to exceed the theoretical head
of water impounded in the reservoir area. An effective pressure in the test
pressure in the test section was calculated by adding the hydrostatic pressure
of water above the water table to the gauge pressure, and subtracting the
frictional loss of head in the pipes.

Permeability tests were run until stable corditions of pressure
and flow of water into the strata were obtained. A test was considered
satisfactory if three consistent water loss figures were obtained at four
successive pressure increments. At the conclusion of each test the water loss
;n gallons per minute was plotted against gauge pressure.

Reliability of results

At the conclusion of each permeability test, the loss of water
in the test section per unit time for each pressure increment, was plotted.
In almost every test a linear plot of gallons of water loss per minute
against pounds per square inch of gauge pressure, indicated a reliable value
of the fracture permeability.

Permeability of the foundations

A sharp line of demarcation in permeability was found between
sound unfractured rock and rock that had been subjected to shearing, shattering
or closely-spaced open jointing, in the foundations at Darwin River. The
sound unfractured rock generally had a permeability less than 150 feet/year
and the sheared rock was found to range in fracture permeability from 800 feet/
year to a maximum water loss of 2.1 g.p.m./linear foot with no back pressure,
for the section 149-160 feet of hole No. 1. X

The crush zones and shear zones are characterized by the broken
nature of the recovered core (1" pieces),_small quartz veinsy decomposition @
- of schist to a soft blue 'pug', and abundant pyrite crystals.

Nine regions of high water loss, with permeabilities of more than
800 feet/year have been distinguished from data obtained in drill holes 1y
2 and 3. A summary of the zones of high fracture permesbilities, possible causes
of water loss, and reduced levels of each zone is given in Table 3.

Zores F and I (Plates 11 and 12)

Zones F (DDH2) and I (DDH3) were intersected between reduced levels
~59 feet and ~90 feet in tne Golden Dyke Formation. The rock is closely
shattered pyritic carbonacecus siltstone; some pariings are thinly coated
with clay. The permeability of Zone F was about 1100 feet/year, and of
Zone I about 1200 feet/year.

The proximity of the two zones F and I, close agreement in
permeability and position of intersection suggest that the same area of
shattering has been intersected by the two diamond drill holes. The area of
shattering would be at least 25 feet long between holes 2 and 3 and 20 feet
wide.

An inglined diamond drill hole (50°E) plared near the centre of
the river al grid reference 175N 25W, between bore holes No. 2 and 3, to a
depth of 150 feet, should show if this area of shattered rock extends to the
surface beneath the river. The hole would also serve to check if zones AB;
DE; ard H extend to the surface (see below), and give an estimate of the %
sediment thickness in the Darwin River.

LW



Table 2 -

Equipment for Permeability Testing at Darwin River Damsite

mpcwwsmﬁd Type Make Capacity Comments
Pneumatic - Internal constriction The combination of a three-foot seal length and vari-
of 1 inch. able inflation pressure (max. 140 p.s.il), proved
effective in testing difficult foundation conditions:
BX size interbeds of soft and hard rock.
” Pneumatic - Internal constriction Difficulty was experienced with 'blow outs' in the
of 1% inches flexible plastic tubing connecting the air bottle to
s NX size the packer, i
qobﬁmm&mdw .mh.ommwum - 1% inches diameter The casing proved capable of delivering a large flow
Pipe of water (50 gals/min) with small friction loss,
- Pressure McPherson 0.75 pos.i. To maintain an accuracy of 2%, a sensitive flow meter
was used to a maximum of 15 gals/min., and replaced

Gauges Flow Dobbie Dico 800 gal/min. by meter of larger capacity above this value.

and

2,500 gal./min.

. - . 1 ocub, foot Pressure fluctustions in the test section were reduced
Air-bottles > : )
with a 1 cub, foot air bottle attached to the
Mind>rill pision pump, ’

1 cub, foot Two small air bettles were placed between the flew
meter and the pressure gauge tc¢ prevent small
pressure pulzes,

Pigton Mindrili 1200 mmw.\wu Suitable for wﬂwwwwmwm.m small volume of smﬁmu.mw a
rseiprocaiing high pressurc.
Pumps Centrifugal Rex 3000 mmw\ww Suitable for supplying a large volume of water at
. at 60 p.z.i. stable pressurs,
H.. » LS i [ ] [



Table 3 - Darwin River Damsite - Zones of High

Water Loss in Drillholes during Water Pressure Testing

Intercept

core

ole - Depth ' Consisting of water Fracture
umber along diamond reduced level pressure test Permeability Possible cause of water loss
_ drill hole Darwin Town sections Awmmw\WmmHv (footage refers to intercept along diamond
: datum , _ drill hole)
K 133t6" to ..QA. to -20! 133'6" to 15079" 985 Shear zone from 131' to 164'; core very
M 1781gn _ _ ) broken with clay and pyrite along partings.
M 149'9" to 160'9" 4620
: w 15913 to 1789 1015
_ 178v1n -20' to 178'1" to 1961 960 Core Is very broken for one foot at 188' and
K to . =44 ; 194'.” Many small closed fractures and
I 2101 3 190' 3" to 210! 3" 1300 pyrite seams in Zone B. : .
] 6! to 17! 91! to 81! 670" to 17'4" 12,140(%) Probably rock detritus in this zone consist-
: ing of angular weathered pieces of quartzite,
; ) some clay and iron oxides.
- 108" to 146" 20! to -8! 108! to 128! 1090 A possible shear zone from 119' to 134!;
_ e - . very broken core, well-developed cleavage,
; 126'0" to :_.m o.. 1348 and some olay.
| 145" to 172! -8' to ~27° 145'9" to 165¢9n 6650 Shear zone from 157! to 165',. very broken
2 i core, soft and friable, Some quartz veins
15815" to 172t5n 2583 with pyrite.
.wwm_ to 263! ~59' to =90¢ ==~ | 235'4" to 250'4" 1014 Possible shear zone from 220' to 250!;
. very broken with clay and some pyrite on
24515" to 26315 1143 partings.,
93" to 134/ 29' to 3t 93'0" to 1137 1422 Shear zone from 80' to 104'; schist is
- decomposed to a blue 'pug’ with clay and
. 110'0" to 133'0" 3540 much pyrite, Very broken core.
3 160! to 179! =167 to =30! 158'6" to 178'6" 4096 Shear zone from 161' to 180'; core broken
i | to 1 inch pieces, clay and much pyrite
: o present.,
| + 225! to 250° -61' to -80! 22270" to 238'6" 1303 Shear zone from 226' to 250', The zone is
233'0" to 2506 1250 ~shattered to " pieces, with clay on the

partings,




LX)

-10-

Zemes AB, DE and H (Plates 10, 11 and 12)

The zones fall within a depth range of 50 o 110 feet below the
surfase. Zores AB and DE lie at the base of the Acacia Gap Tongue and Zone H
near the top of the Golden Dyke Formation. The fracture permesbilities
?alculatﬁd in the test sections range from 1000 feet/year to 6650 feet/year
Table 3: °

The zones are all close to the steeply dipping Acacia Gap
Tongus - Golden Dyke Formation contact (Plate 13). The surface expression of
this contact has been outlined by Andrew (1964) as a seismic low velocity
zone east of the damsits (Plate 8). The contact dips at about 50°W beneath
metasediments of the Acacia Gap Tongue; it has been intersected at a depth
of akout 90 fee% from the surface in drill holes 1 and 2 (Plate 13).

Numerous narrow shear zones, characterized by broken core with
clay on the pariings, decomposition of the rock, amd a high concentration of
pyrite crystals, are found in the contact zones. The fracturing and shearing
hag hsen stratigraphically controlled and follows the bedding. The high
fraciure permesbility in these zones, is due to ths narrow shears and fractures
in the sirata, and the water loss is believed %o have been along them.

The likelihood of leakage along zoness AB, DE, H, and along the
formation boundary is not considered to be sericus as there is no evidence to
indicats that the fractures and shears are interconnected. Further, the
formation boundary is steeply dipping at about SOOW arnd any pessible path of
leakage through the corfining ridge would be at least 800 feet long. There is,
however, the possibility that these stratigraphically controlled fractures and
shears may extend around the eastern periphexy of *he Acacia Gap - Golden
Dyke zontact, a distance of about three miles. This should be checked by a
shallow diamond drill hole through the formation contact, to the south of the
dsnsite. :

Pyrits (Appendix 1)

Toree diamond drill holes at the damsite have intersected strata
containing a rather high concentration of pyrite (0.5 to 3%) as fine-grained
disseminations and thin veinlets up to % inch thick, below a depth of 35 feet.
The pyrits has been partially leached from the surfacs cuterop by thorough
tropical weathering. Relic pyrite casts and some fine disseminations of
pvrits are to be found to a depth of 35 feet, in strata of the Acacia Gap .
Tanguee '

The Golden Dyke Formation, below a depth of 120 feet, has
numercus thin veinlets of pyrite up to 4 inch thick, parallel to the cleavage.
From drill interssctions it is éstimated that one pyrite vein ccours per linear
fuct (Appendix 2). Regional mapping of the Rum Jungle avea (Malone, 1962)
has showx. that the Golden Dyke Formation is characterized by a high pyrite
sentent. The pyrite is syngenetic in origing it was probably formed during
deposition of the beds.

Aburdant pyrite has been found along teddingplanes of weathered
wniet and along thin veinlets of quartz in fracture zones. Crystals of pyrite
rom % to § inch across, are present in these zones.

Pym»ite is also found as thin ‘£ilms"* along joint planes.
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Reaction of pyrite with cement

In the presence of air, including air dissolved in water,
pyrite tends to oxidiZe slowly to form iron sulphate and pessibly some
sulphuric acid. - Small concentrations of either are highly aggressive to
cement. However below the level of possible oxidation, cement would be
unaffected by the presence of pyrite.

It should be noted that pyrite is present in all zones of high
leakage, indicating only partial oxidation. Where oxidation is complete
fractures and partings tend to be plugged by clay.

Strength of the Foundations

The quartzite is a moderately jointed, strong, hard, silicified
rock with a high compressive strength and has been little affected by
weathering. This is - in contrast to the schist which has been weathered to
depths of 100 feet, owing to the presence of small shear zones along which
ground water has moved. The dark-grey schist has a prominent cleavage sub-
parallel to the bedding, is soft, and of low compressive strength. Weathered
schist in drill holes is a dark-blue, soft, friable silty clay with abundant
pyrite crystals.

The seismic survey at the damsite indicated a change in seismic
velocity along traverse A (Plate 13) from 3000 feet/second to 11,000 feet/
second at a depth of 10 feet. Seismic profiles along traverses D and E
indicate depths of 25 feet and 50 feet respectively for this same boundary.
Andrew (1964) has pointed out that, "there may be further weak layers below
the depths determined on the north-south traverses whereas in the east-west
direction the depths determined are to continuous solid material™. The high .
seismit velocities (11,000 feet/second) recorded "at a depth range of 10 to 50 *
feet are from interbeds of hard silicified quartzite. However the seismic
refraction method does not record the presence of low velocity weathered rock
beneath a high velocity refractors diamond drilling in the abutments of the o
dam have shown that weathered beds of schist are present to a depth of about

100 feet below the ground surface (Plates 11 and 12).

It is therefore considered that the seismic profile (3000-10,000
feet/second) as shown on Plate 13 does not indicate the depth to fresh
bedrock but rather represents the top of hard rock interbedded with weathered
rocke. ' )

Andrew (1964) postulated a shear zone in the southern abutment
between geophysical pegs D6 to D7 and C7 to C9 (Plate 8). Subsequent diamond
drilling of this zone at DDH1 has shown that weathered reddish-grey phyllite
and bards of grey vuggy hard quartzite are present at a depth 0-7 feet;
slightly weathered quartzite with some interbedded weathered phyllite occurs
from 7-i7 feet; -weathered phyllite, rare thin bapds of hard quartzite or
quartz phyllite, with some decomposed phyllite (now thin barmds of silty clay)
are present from 17-38 feet. Hard fresh quartzite was intersected from 38 to
100 feet from the surface, and slightly weathered phyllite with interbedded
bands of quartzite below this -depth. - : .

Several auger holes bored in the” costean on the southern abutment
(Plate 9) near grid reference TON, 100W (Plate 8) showed complete decompos-—
ition of the schist to a soft blue silty clay. The holes were augered to a
depth of 6 feet and the water table was intersected within a foot of th
surface. '

it i



TAALE 4, SUNMARY OF AUCFR HOLED DATA

Litholegy Clay Silty Sand. SLity gand Clar sand and sandy clay Rerruginous Gravel Rock Detritus
Grid ¢ Grid D clay some silt Grid A Grid B Delritus and and
S Sang S5ilt
Distance from G.B 0.5 1.2 1.5 2.2 203 P02 te 1.4 Q.5 263 Q0,5

damsite in miles

Grid ceo-ordinstes C/2HOE- D/8S0E-~ B/18NCE- B/UNOE~ A/ 3N W= AW B/24NCE - 5/33NOP D/GSUE-D/SNOE  A/9N3W-  B/4SCE-D/BYOE
o/10NOE D/8NOE B/27TNOE 5/ 3WCE A/ VBT AW 8/15W3W  B/O¥OE - B/15HOZ A/1583W

(R

Pale green, Dark green. Quartz grainsg, Compesition Fine grained  Coarse Cow Pe*ruglnous Subrounded Colluvial mat rial,
Deseripticn 2ilty in some Slightly g8ilt and cley ¢Hp;cy1ma*ely guarts sand ' < AVPYOXL picolites Yo pileces of of rcanded pieces of
sactions. silty in present. 0% quarts arnd some In goress ferruginouvs nquoertz and ferruginous
some grains, 10% siit. i & 50% and sily with a quartz sand- pisolites to "
sections sild, size 2 M., or clay 50%9 matrix of 5 onn frow acTo85, ant a matrix
with silty Uniform quartz sand Cwdt across, of fine quartz silt,
finessapprox. texture, and silt, generally
composition weathered
is quariz ard friable,
sand U0% and
gilt 0%,
Dimensions - 16001x59x200¢ 800t x10! 3G 1200 e 1200810t Lenticular 1600ExAt 600t 13t 1200tx 21 x 200°%
material assumed x 200°¢ x 200t . 2000 x 200t shape x 20Ct x 20Ct
to extend 100 f+4,
either side of
baseline, -
Possible ressrves; +500 +40,000 50,000 20,0C0 30,000 6C, ”“i SG,OJJ FAC, OO0 U 8L 15,0
assuaption as )
above (in cudic yarls).
Plastiaits Moderate Moderate Moderate Mo?erate ,NG, %odarate ﬁvigrate e Yo Ho
i to to i/16% /16w nokasion g thresd 1/16" thread  cohezion cohasion cohesion
nigh high thread thread crurhles not easily
casily, crwnblsd.
Overbvurden to Scil, rock Sand, gravel, Ferruginous S0il 47, Gravel and Silty Sandé and Noz Trees and
be stripped detritus and and gravel, gand 3. sand cetritus vegetation,
{depth in feet). ferrvginous ferruginous soil, some 3'=150, 3t
gravel TV, gravel 8¢, clay, 4%'-5',
Water table below 100 11t 1€% for hole 110 on 100188 on 150 on 15t on Below 15° 156 on Below 15¢ on
B/21H0E on 12/10/63,  15/9/83. 16/9/62 12/10/63 | 16/5/63 14/9/€3
12/10/63,
Romarks Material Total thickness Undarlain
variable in of the clay is by plastic
texture, unknown as the clay.

material was not
augered to full
deptho

Notese Eatlmates of composition have beer determined visually with a hand lens,

Detailed logs of all auger Lcles axes held by the Durean of Mineral Resscurces, Csnheria.
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Driliing has shown that weathered Tock of roor ccmpressive strength,
as indicated by brcken cgrs anl a faizly high core lecgs, is present between a
depth of 0-28 feet in this ziney esivong fresh rock of high compressive strength
is below the weathered rock. The permsanilily of the rock in DDH1 was found to
range from low to mederats (0.1 to 0.4 gopem./linear foot &t 50 PeBois) %0 a
depth of from -85 feet frem the surfaus (Plate 0), ard 0 increase 4o a high
fracture permeabilliy bsiow this depth (Table 1). The zoxne may prove critical
in the design of a dam ard it is suggested that a test pit be sunk at grid
peint 508 60W (Piate B), 4o a depth of 10 cor 15 fest. Undisturbed samples of
the weathered rock skouid be tazken fou laboratory determination of the
comprassive sirvengih, shear strength and permeability. Some seepage of ground
water wouid be expected irte this pit durivg the early pari of the year.

A low velecity acme has tesn cutlined (Anirsw, 1964) to the east of
geophysical pegs F9, A8, D10, 012 (Piate 8). Geolougical mapping and subsequent
drilling indicates tha’ the zora probably marks the comtast of the Acacia Gap
Tongus wish the Goldan Dyke Formationy along the sontasct the rack is sheared
and high water loss ococcurred during permeability testing. The strata are
almest csrtainly deeply weathersd and weak. Several test pits should be sunk
to a depth of &t leas* 10 feot and undisturbed ssmples of rock taken, as atove.

-a%e bearing tests would alsy be valuabls. I is suggested that pits be sunk
at 73N 75E aod 475N 50E.

Sonstruction Materials nea: Darwin River Damsite
Barth materials

A programme cf augering and mapping was conducted to determine if
suitsable construction materials zre available within an economic distance of
the dam gite. The investigation involived sgevenlty five holes totalling 947
feet of augering, ard geglogicsl mapping within a radius of three miles of the
propesed damsite (see Apstem )o Grid lines A, B, ¢ arxd D were surveyed and
azgered (Plate 5). v

Erosion of weathered Rum Jungle Granite, which had decomposed to
clay and ccarse grains of quariz, has suppiisd much of the alluvium along the
Darwin River. Granite crops out thres miles south-sast of the damsite and it
is considered that deposiie of weathered granite, far impervious core material,
cou.s probatly be locatsd within a mils %o the soubh east of Grid A on further
prospeciing and augering i

Small packefs of coarse-grained sand, with ¢lay, were found at Grid
A, less than three miles upsirsam frem the danm gite; the material, however,
proved to be moreuriform in texiure and to be intercalated with fine silty
clay. PFarther downstream, at Grid B, deposits of sandy clsy amd silty clay
predeminate. The beds interiongue ami are abtous ten feet thicks they were
formed by fleoding of 1he Darwin River cver alluvial flats. Auger holes on
grids A and B are at 300 foo' centres and are considered insufficient to prcve
resexvesy for this purpese It would be nesessary %o auger av 100-foot or 50-
foot centres (Plate 7). Calzulations in this repers (Table 4) of possible
Treserves assume contiruity of the deposits to 00 fset on either side of the
bageline of the grid. This assumption may not be vralid, ard the estimates
given must be considerel with caution until fuoiber augering has been completed.

Mach of the region %o tbe east of the damsite is covered by a
venssr of ferrugirsus detritus (ferricrete) generally several feet deep. The
detritus has been =ugsved ab a peint half a mile 40 the south of the'dam site
st Grid D, where i% consists of ferruginous pisciites (3 inch acrosg) with a
mairix of quariz sanmd and ferrugirous silt (Plate 5), axd overlies plastic

-

green clays. The materisl is of low compressive sirength but may be suitable

No imstrumsntal fisld or ~aboratory tests were carried out on the
materials described sbove; ‘testing may show them, or some of them, tc be
wnzuitables.
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The countryside upstream of the proposed dam site is flat to gontly

vndulating, and during the period from mid-November to March is subject to
flooding. The augering for this report was completed at the end of the ‘dry
season' before heavy falls of rain had affected grourd water cornditions.
Even then the water table was found to lie at about 10 feet below the ground
surface. Excessive seepage of groundwater may occur in the pits. A study
cf the fluctuations of the water table at prospective pit localities, along
the river flats, is desirable.

Rock Materials

Quartzite has been quarried by the Royal Australian Air Force within
a mile of the proposed damsite, for use in aerodrome construction (Plate 5).
The quarry has now been abandoned; a camp with water, sewerage, workshop
facilities and railway siding, are still available. Run—-of-quarry quaritzite
contains much pyrite. Use as concrete aggregate would involve selective
quarrying and close quality control. It should be suitable as rock fill.

Quartzite scree up to several feet deep occurs near the dam sites
it is composed of rather 'blocky' pieces of quartzite up to 12 inches across.
Quartzite scree should be tested with pits or costeans, to determine the nature
of the material and possible reserves. The material is probably suitable for
rip-rap or the outer zones of an earth dam. '

SADDLE AREAS

First Saddle (Plate 16)

A prominent ridge composed of metasediments of the Acacia Gap Tongue
exvends southwards from the damsite. The saddle area is a shallow depressgion
in the ridge 1.7 miles to the south.

The top of the ridge is more than 25 feét higher than the centre
of the depression. The saddle is about 1000 feet wide at a reduced level of 150
feet (Darwin Town Datum).

Geology

Interbedded quartzite and phyllite of the Acacia Gap Tongue are
present along the ridge and on both sides of the saddle area. The Saddle
area 1s covered by a veneer of soil and rock detritus, and lacks outcrops.
From the few sparse outcrops of quartzite mapped (Plate 16) it was not
possible to determine the dip and strike of the meta-sedimentss there was

ro surface evidence of fiulting in the saddle area.

Diamond drilling and permhesbility testing (see Appendices 2 and 3)
I

A vertical diamond drill hole, designated drillhole I3, to a depth
of 75 feet, wes sited on geophysical peg I3. The strata intersected during
drilling consist of soil from 0-5 feet, weathered quartzite from 5-27 feet,
weathered phyllite ani quartz phyllite from 27-50 feet, and quartzite from 50~
75 feet.

The hole was tested for permeability in approximately ten-foo%
sections. Details of the method and equipment are given in Table 2. Two Zones
cf high water loss were encountered: in the section 6'6" to 18'6" the loss
was 2.9 gpm/foot with no back pressure, and from 18'4" to 32'4" the loss
represented a calculated permeability of 1600 faet/&ear. The loss of water may
have been along soft disintegrating bands of quartzite, present in the hard
silicified quartzite armd quartz phyllite from 5-50 feet. The meta-sediments
were found to have a low permeability below 32 feet depth, which is about 9
feet below top water level if water were ponded to a depth of 70 feet at the
dam site. -



Geophysioes

The gecrhysiosl report (Andrew, 954) indicates that weathered
rock, with a seismiz veloelly of 63500 fﬁatfaef is ayerlain by 7-13 feet of
waconselidated material, ard extsnds ¢ a depth of 72 fset near the centre

the sadile. FElsswbere the depil tv fresh rock ranges from 30-86 feet

Seil and wnconsolidated material (1500 feet/sec ) was inter-
sected in the dwiillcie from C-5 feet, acd fresh quartzite (15,000 feet/sec.)
at 50 feet. The correspondiing depithe at 3, obiained geuphy51cally, are
given by Andrew as 171 feet snd 51 faet respesiively.

Segond. Ssddle

he seqcond saddle iw a flat area at +tha southern end of the

o
ridge of Acagie Gap meia-sedimeniz, about 2.7 miles from the dam siie.

Gevlogical mapping has shoewsn that stme smsll outcrops of
isolitic lateriie (ferricrsts) sre to be fourd near the geophysical base
* P gp
line; the area is otherwisze covered Ly a 32

The seizzis au
velocity cf between 4520- ?E
fest. Further topugraphivc mapp
ﬂonfigura.t ion and lengihs of pos
drilling can be recommended.

ﬁ:id

has shown that wsathsred rock, with a seismic
Ligs8. exhsnds to a depth greater than 120
ug is required to delermine the terrain

ei5le loakage paths before expioratory

Il
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POVDAGE DAMSITES

Genersl

Considsxyaticn hag been given %o & small pondage dam no more
than 25 feet high and 400 festd long, aboul seven miles %o the north of the
main dam gite. The pindage dam wou.l increase the tobtal storage capacity,
add a further 22 square miles te the satchment srss ard, more imporiantly,
reduce the lenmgth of pipe line 4o Darwine.

Two altersative sitss, abouil three miles south-west of Bexry
Springs; have been investigatsd by goeslogical ard geophysical surveys,; and
by three shailow dlamond drilil holes. The region between Berzy Springs and
the lower IDarwid River has heen geologically mapped by Barclay and Crohn
(1963). Mos: of tke vegion is covered uy receni deposits of ferricrete
whizh obsgures the undsrl 1ug geolugy exgept in river and creek seciions.
Lower Proterczols rocks, consisiing of steeply-dipping light-grey shaie and
siltstone wilh lesser smoun’ss of cheri, low-grads hornféls and spodted schist,
were founmd t2 cxop oul znear Berry Surings and in the Darwin River near its
confiuence withk the Bladkmore River. Tas sediments prebably belong to the
Golden Dyke Formeiicn aod were fourd 4o “he north of a line from Berry Springs
t¢ the pondags dam sites.

Ta the south of this iine sandstons, prcbably Upper Preierozoic
Depat Creek Sardsione (s membter of ths Buidiva Formaflor) unconformably
overiies older sedimscic., The sandsions ¢reps out along the Darwin River
between the upper and lower pomidage dam 2ites and is a pale medium-grained,
silicified quartz ssndstone. To the east of Berry Springs the formation is
white and friszkie.

Tha hedding dips betwesn 47° and 477 south-west at the lower
pondage site ard is apparenily ulmost sul-horizontal at Berry Springss
the suncession ssems 10 te more tamam 100 f2e% 4hisi.
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Limsstons underlies the sandstone at, and near Berry Springs.

Thres gircular sink bholes, the largest 40 feel in diameter and 7 feet deep, P
were recordsd by Barclay and Crohn (1963). Dolomite was intersected in

several holes drilled by Water Resources Branch east of Berry Springse
Watier samples taken from Berry Springs and Darwin River indicated .that the
streams had passed through lime-rich strata; they had hardness equivalents
of 200 parts per million calcium carbonate. ;

Upper Pordage Site A (Plate 2, Fig. 1 and Plate 17)
Geology

Upper Procterozoic

Pale pink gquartzite, thought to belong to the Depot Creek Sand-
stone Member, crops out on the southern abutment of the pondage dam sits.
One large outcropping Block of quartzite or the southern abutment, about
30 feet across, comprises nearly all of the exposed Proterozoic bedrock.

Several small outcrops of ferruginous conglomerate are found both
vpstream of the site and downstream near the old Bynoe road.

Regent

iver gravel is presen’ along the river flais near the pondage
dam site and extends for more than ten feet up the river bank. The gravel
is varied in composition and size ranges rounded pebbles of conglomerate
and quartzite, up to 4 inches acrcss, are common and several large boulders
of conglomerate, up %o 3 feet across, have been observed.

Foundation rock

Two diamond drill holes have been drilled into poer quality rock
at site A. Hele DD17 was drilled to a depth of 5C feet, through 17 feet of
clay, then through clay with rare bands of quartzite and crystallire phosphate
rocke Hole DD132 was drilled to 20 feet in hard quartzite with interbedded
clay (weathered rock), much of which is phosphatic. Core loss was high in
both noles (ahout 50%) ard indicates the broken nature of the rock. Much of
the core can be crushel with the fingers. The clay present may be a typse
that expards markedly in saturation with water (see Appendix I, FN145626)»

The geophysical survey has indicated a profile of weathered rock
(seismic velcoity 4000 to 6500 ff/sec.) ranging in depth from 15 to 62 feet.

Permeability testing

The strata were tested over ten~foot test sections and found to
have very low permeability (see Appendix 2). For details of the test pro-
cedure sse Table 2.

Diamond driiline

Two vertical diamond drill holes, DD17 ard 19, were drilled to test
foundsation conditions at the upper pordage site. They are located on the
geophysical grid (Andrew, 1964) on the north and south banks respectlvely of
the Darwin River.

DD17 was gomplsted at a depth of 50'4". No. 19, scheduled to 25',
was terminated at 20'4" after hard quartzifte was encountered at 19'6",

Detritis and rare outcrops near the drill sites consist mainly of
hard pick quartzite, commonly containing angular gquariz fragments up to- 3
inches in dismetzr. The quart tzite may be a part of the Depot Creek Sardstone *
Member c¢f Upper Proterozoic age.
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The core from each hole revealad only minor amcunts of hard
‘quartzite a’ depih, the bulk of the material being a wsathered rcck consist-
ing of stiff clay and angular quariz fragmenis. The quartzite and weathered -
- rock are probably alterasion products of the same source rock, produced by
silicification and weathering respectively. They commonly react positively
to the field test for phosphate, aml sof%, wrystalline phosphate rock occurs
in DD47 from 25'8" .. 2Q's",

Water pressure tests condusted aver sechions approximately 10 feet
long showed that the strata are tight and impermesbley no fault zZones; were
recorded. The water level in DD{7 stsod at 4% on 22rd April, 1964, but
dropped to T'6" by 5th May, 1984, whereas in DDi9 the starding water level
was 1' below the surface througkout the pericd of drilling.

Leakage of water from ths reservoir

Thers are no obviocus springs or areas of seepage in the immediate
vicinity of the dam site. A emsll spring was noticed 1% miles upstream of the
dam site.

Water pressure tesis completed ia diamond drill holes DD19 and
DDi7 show the strata to he impermeablie.

Gecphysisal seismic traverses shows
(a) Probahly no major fault zones cross the pondage dam axiss

(t) A change in seismic veloolity, from 8000 to 12,000 ft/sec.,
is present at a depth of abous 120 feeb.

This seismis boundary may corvespond to an unconformity between
the Uppsr and Lower Froherozoin; and could be a zone of leakage, depending on
the nature and atiiiuds of the bourdary. As the pressure of impounded water
in the pordage dam would be low, this zone is not considered as a serious
rigk. d

There is no gsological evidence tc suggest that a serious loss
of water would occur, on Tbuilding a small pinisge dam at Site A.

Assessment of the site

(1) Tha maximum height of the pendage dam would pessibly be
22 faeif,

(2) The siorage area would be small,

(3) Diawcnd driliing has indicated that weathered rock and clay
are present to a depth of 50 feet in the northern abutment
at DD.7 apd 20 feet in the soubthern adbutment at DD19.: The
rock is of low sitrengih and some could be crushed with the
fingers. '

(4) Seismic testiocg has shows that the weathered zone is continuous
acrugs the site and the depinh is in excess of 30 feet.

(5) The straba intersected by the diamond drill holes were found
to te tighi and impermeabls. No faulis or fracture zones
were ancounterad. B

(6) The sits appears suitable for an sarih dam, provided exparding
clay does not create serious problems and a suitable spill-
way could be provided at eccmomic cost. To increase any
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1leakage path and enhance the scundness of the abutments a Y

deep slot should be cut in each bank ard replaced by fill
matecial.

(7) Yo sampling or testing of possible construction materials
was undertskerns this would need tolbe done. Possibly the
material al the site would be suitable. Field and
labcratory testing of the abuitments, and of the foundations
0 determine properties of the material present and the
required depth cof excavation, would be needed.

Lower Pordage Site B' (Plate 2, Pig 2 and Plate 19)

Geclogy

Upper Proterozoic

: A pale pirk siiigified sandstone, thought to belong to the Depot
Creek Sandstone Member of the Buldiva Formation, crops out for several
bindred yards along the Darwin River at the pondage site. The sandstone ‘is

med ium-grained, sirong and hard, and prominently bedded, some bedding planes
are ripple marksed. The bedding strikes at about 090 °M and dips about 20°
scuthe.

Small lenses cf sandstone breccia are to be fourd in the success-—
ion (Plate 2, Fig. 2). The lenses are rather irregular and cannot be traced
ag a continuous zone for any distance. Angular pieces of pale pink sandstone
are bonded to form a fairly strong rock with a matrix of quartz sand and
silica. It is no%t known whether the breccia is tectonic as a series of crush
zones, or is a sedimentary feature formed by slumping of the beds during
sedimentation. The sandstone breccia may have low compressive strength and
high permeability, ani should be tested in the appropriate manner.

4

Quartz hematite breccia is exposed along a small creek section
ssveral hundred yards %c the north-east of the pordage site. The breccia
consists of large angular pieces of milk-white guartz in a matrix of hematite
and sild. The origin of the breccia is not known but it is probdably
sedimentary,’ rather than tecionic in origin. !

1
Recent |

River gravel with rounded pebbles of sands+oreiand quartzite, up
%0 4 inches agcrogs, is present along the river flat to theieast of the
pordage site, tc a thickness of several feet. i
[

Diamond dzilliirg

Diamond dzill hole R11 was drilled to test foundatlon cord itions
a% the lowsr pomdage site. It was sited on the geophysical grid (Andrew,
1964), on the southern bark of the river; and was drilled on a bearing of
036”, at an angle of 4“0 from the horizontal (Plate 19). The directicn of
the drill hole ig at right angies to the course of the river and the hole
was drilled to 100'4",. gkout 60 feet below river level.

Tae outcreps rear the drill site consist of pink quartzite and
pink friable sandstone assigmed tentatively %o the Depot Creek Sandstone:
Member of Upper Prcherozois age. Themstrata dip to the south, commenly at
shallow angles -~ though dips up %o 47 are recorded - and a zone of shattering
passes through the site parallel to the strike of the beds.

-
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The drill core consists of pink quartzite to a vertical depth of
about 5 feeb, below which is fawn sandsitone to the end of the hole. The fawnm
sandstone is commenly slightiy friable and contains a number of very friable
*zones in which core iosses were high. t is believed that the pink quartzite
is derived from the fawn sandsteons by surface silicification, but core
recovery was not sufficient for the {transition to be cbserved.

The tedding is generally inclined at abou’ 60° to the axis of
the core, which is consistent, with the shallow scutherliy dips observed at
the surface. Minor shear zones were noted at irclined depths of 43'7" -
44%, 4T'5" - 48'6%, 59%1" . 5Gt5* (3 minor faul* at 10" to the core axis),
71" -~ 71'6" (mincr fault parailel %o core axis), and 82'1" - 82'10". No
relaticn cculd be established between any of the  aminor shear zones observed
in the drill hole and the shear zone mapped cn the surface.

Geophysical surrey (Andrew, ?964)

The contact between soil and weathered rock is given as approx-
imately 5 feet below the ground surface cn the scuth asbutment and 10 feet on
the north abutment. The base of the weathered rock is placed at 25-29 feet
alorg traverse Q on the north bank and 27-3C feet along traverse BH, at the
top of the south bank.

No intexpretation is given of the nature of the rock and seismic
velocities beneath the Darwin River.

Permeability testing o

Water pressure tests were carried out over sections approximately
10 feet long. Tke greabtest water loss was estimated to be 1.16 gallons per
minute per linear foct at a maximum gauge pressure of 33.9 pounds/square inchy
in the section from 85' - 100'4". The fracture permesbility of the sandstone
was found to increase with depth, from a low rate near the surface. At a
vertical depth of 35 feet the permeability was less than 500 feet/year in the
south abutment, inecreasing to 1700 feet/year at a depih of 55'.

It was reperted by the drilling superyviscor that water entered the
river during pressure testing of the section from 67'41"™ ~ 85'2", which
indicates a relation between two of the minor shear zones (from 71' - 716"
and 82'1" - 82'10") and a pcssible shear in the river bed. The minor faults
dip northwards at about 4550

The water pressure testing appears ito indicate that leakage of
water frcm the pondage dam wou.d take place directly beneath the river. A
short diamond drill hcle, length 75 feet bearing 216° and inclination of 45°,
sited at geophysical peg P10 wculd give information on the permeability of
the north abutmert.

Jointing of sandstong

The Devct Creek Sandstone(?) has rumerous small, closely-spaced,
joints. More than 150 measurements of joint plaves from the southern abut-—
ment are plotted cn the botitom hemisphere of a Wulffret in Plate 3. The
stereogram indicates that the joint plaves are slmost rardom in orientation.

The interseciion of wertical join* planes with the shallowly
dipping (20 degrees) bedding plane, gives an urusual 'blocky' appearance to
the rorck.

Water tigrtness of reserveir

Water pressure testing of the fcundations has shown a significant
permeability directiy beneath the river. Further testing by means of another
driil hole from ihe north abutment tc intsrsect Ri1 beneath the river is
required if s complete assessment is needed.
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Blanket grouting of a narrow area directly beneath the Darwin
River between geophysical pegs P11 and R11 may be necessary to seal the
foundations. It is not anticipated that serious leakage will occur at a
bigher level on the abutments at the Q and BH seismic traverse.

Quartz hematitic breccia is exposed several hundred yards to the
north~east of the site, and in the storage area. The formation is likely to
be permeable; however the trend of outcropping rock is not transcurrent to
the reservoir, and serious leakage along this zone seems unlikely.

Assessment of the site

(1) The maximum height of the pondage dam would be about 25 feets
tetal storage area would be greater than for site A.

(2) Friable slightly weathered sandstone was intersected from
5' to 50' depth below the river. Adequate foundations for
a concrete structure should be found at a depth of roughly
5=15 feet. ?

(3) Thorcugﬁ grouting of the foundations and abutmenis would be
necessary.

(4) Silicified sandstone and quartzite at the site should prove
suitable as concrete aggregate.

CONCLUSIONS AND RECOMMENDATIONS

DAM SITE

(1) The investigation to date has not fully elucidated the geology of
the damsite; or fully proved the suitability of the site for the erechion of
a dam. However it is thought that, subject to the qualifications given below,
a dam - preferably of rock fill or earth construction -~ could be constructed
at reasonable coste.

-

The maximum feasible height of the dam has not yet been established.

(2) Schist and quartzite interbeds of the Acacia Gap Tongue have been
intersected by diamond drill holes 2 and 3 to a reduced level of ~10 feet;
below this is prominently cleaved carbonaceous pyritic siltstone of the Golden
Dyke Formation (Plate 13). The quartzite is resistant to weathering, hard

and strong, and is silicified at the surface. Weathering near the surface

has resulted in a leaching of the schist and partial replacement by iron
oxides (lateritization); at depth there are many zones of almost complete
decomposition to a soft pale blue silty clay.

(3) An examination of the site has shown that the strata have been

subjected to intense deformation and have been folded into isoclinal over—
turned folds, with shearing, quartz veining along the bedding, and boudin

structures (see Plate 1 Figo. 1 and 2). Diamord drilling at close centres

would be required to determine a complete geological interpretation of the
foundations.

(4) A seismic survey of the dam site by the Geophysical Branch (Andrew,
1964) has irdicated a low velocity zone in the southern sbutment (see Plate 8).
Dismond drilling at DDH{. hLas shown that weathered rock extends from a depth

of 0~38 feet and slightly weathered hard quartzite is present from 38-100

feet. The rock has low to moderate permeability from 0-85 feet in depth -
(see Plate 10). A test pit should be sunk to a depth of 15 feet at 508 60W

and samples taken for lakoratory testing.
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(5) A seismic low velocity zone was outlined to the east of the dam
site by Andrew (1964) (see Plate 8?» Detaiied geological mapping and diamond
drilling has indicated that the zone probably represents the contact between
the Acacia Gap Tongue and the Golden Dyke Formation. The formation contact
was intersected at a depth of about 90 feet from the surface in DDH2 and 3.
Shear ard fracture zones were intersected at the base of the Acacia Gap Tongue
near the formation contacht, and the strata are highly permeable (see Table

33 Plate 13). The fracture and shear zones appsar to be stratigraphically

amd structurally controlled along the contact and to reflect differing
responses to stress by rocks of different mechanical properties.

As the formation contact is fractured and is almost certainly of
weathered weak rock, and is within a hundred feet of the proposed axis of the
dam, two pits should be sunk %o test the rock. It is suggested that pits be
sunk to a depth of at least ten feet at T5N, 75E ard 475N, 50E, and samples
of rock be taken for laboratory testing.

The Golden Dyke — Acacia Gap Formaticn contact extends for more
than two miles along the eastern periphery af the reservoir area and there
may be permeable fracture zones along the contact (Plate 5). The possibility
requires further investigation.

(6) Several shear and fracture zones have been intersected in diamond
drill holes DDH2 and 3 between a reduced level of +30 feet to =30 feet anl
-60 feet to -80 feet. High water losses were encountered in these sections
(see Table 33 Plates 10, 11, 12).

An inclined, water pressure tested, diamond drill hole (50°E),
150 feet long, should be drilled at {75N 25W near the centre of the river to
intersect the zones of high water loss DE, GH, F and I (Table 3) and show
if the zones extend vertically to the surface beneath the river. The hole
would also give information on the depth of alluvium in the river. '

(7) Grouting the foundations of the dam will be costly amd difficult.
The interbedded soft and very hard rock is difficult and expensive to drill.
The strata of the foundations dces not stand in sections greater than ten
feet for any period of time in drill holes.

A high percentage of pyrite (§%-3%) was found to be present in
the strata. The pyrite is concentrated in weathered zones of schist.
Chemical reaction with the cement grout is pecssible in places in the zone of
oxidaticn during fluctuaticns of the water table. A non-—-reactive chemical
grout would be preferable to cement.

Materials for the consiruction of a dam of earth, rock, or
concrete should be obtainable within the disiance cf economic transport with
further prospecting and proving. This cpinion is based on field observations
only and is subject tc the normal testing cf the prospective materials.

First Saddle (Plate 16)

(9) A diamond drili hole (I3) placed near the centre of the saddle
area has shown that quartzite and phyllite interbeds of the Acacia Gap
Tongue underlie the saddle; they are covered by a thin veneer of Recent
soil and rock detritus. There is no geological evidence for permeable
Cretacecus sediments in “he saddle as suggested by Andrew (1964). For a dam
with top water level about TC feei abeve present river level some treatment
of the caddle to prevent water leakage may be necessary, but no serious
difficulties should be encountered.

Second Saddle

(10) Small outcrops of ferricrete were fourd near the geophysical
tuase line; the arsa is otherwise covered with a mantle of soil. Further
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topcgraphic ﬁgpping is required to determine terrain coufiguration and lengths =
of possible leaﬁ%gp paths before exploratory drilling can be recommended.
o 5

PONDAGE DAMSITES

(11) Two shallow diamond drill holes sited on the abutments of Pondage
'‘Damsite A have indicated that the rock consists of clay with rare bards of
quartzite and crystalline phosphate rock. Water pressure testing of the
holes has shown that the strata have a very low permeability.

(12) Diamond drilling at Pondage Damsite B (R11) has shown that friable,
slightly weathered, sandstone extends from 5-50 feet in depth beneath the
river and would provide adequate foundations for a concrete or rock fill dam.
However extensive grouting of the foundations and abutments would be necessary.

(13) Provided the pondage capacity is adequate at the upper site A,

and the clay proves to be satisfactory, Site A is to be preferred to site B.
because of the lesser permeability of the foundations. It may be necessary

to cut a deep slot in each bank at Site A and replace the clay by fill material
to enhance the soundness of the abutments. ' :
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APPENDIX I

Petrography of specimens 6f core from the Darwin
River damsite and pondage sites, N.T.

by
We Oldershaw

Fourteen samples of core from three diamord drill holes at the
Darwin River damsite were submitted for petrographic examination. The
country rocks are low grade metamorphics ~ quartzite and quartz-sericite
schist -~ which were probably originally interbedded sandstone and carbon-
aceous pyritic siltstone. The rocks have been metamorphosed, folded and
cleaved. The sandstone was converted to quartzite, and the siltstone was
converted to pyritic carbonaceous quartz-sericite schist. Some quartz
veins were injected and some pyrite veinlets emplaced.

A1l the samples contain pyrite. The pyrite-in the argillaceous
beds occurs as disseminated minute cubes, blebs and veinlets, whereas the
pyrite in the arenaceous beds occurs as large oubes, up to 5mm across, and
veins. Possibly the pyrite in the argillaceous beds is syngenetic and
some of it migrated into the more porous interbedded arenaceous beds during
tectonic deformation. Pyrite slowly oxidizes to limonite and sulphuric
acid in the presence of water and oxygen. These will react with the alkalis
in the cement used in concrete foundations and in grouting unless sulphate-—
resistant cements are used.

The high content of small granules of carbonaceous material in
the schists may be deleterious. It may inhibit good bonding between the
crumbly parts of the rock and any cement grouting.

F.N. 145614 T.S.R. 14483 Drillhole DD1, depth 143 feet

The sample is a small fragment; half an inch across, of dark
grey fine-grained quartzite. The quartzite contains scattered cubes of
pyrite upte 0.2 inches across which comprise about 5 percent of the rock.

S

Under the microscope the rock is seen to consist of interlocking
crystals of quartz about O.2mm. across, though a few are O.5mm. across. The
quartz crystals have smooth boundaries; there is no suturing and few strain
shadowa. The rock contains scattered ragged flakes of muscovite, some of
which has been altered to penninite along the cleavage. Some of the grains
of quartz have thin selvedges of granular carbon, probably a relict of the
cld bedding structure.
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FN. 145645 TeS.R. 14484 Drillhole DDY,depth 145feet

The specimen consists of small.fragmsnts of crumbly black schist
orewded with pyrite which makes up 30 percent of the rock.

Under the micrescope the rock is seen to consist of thin bards of
quartzite separated by thicker bands of well-foliated carbonaceous quartz--
sericite schist.

The quartzits comsists of closely packed grains of quartz, 0.2mm
across, and interstitial granules of carbon and flakes cf sericite. The
quartzite is crowded with crystals of pyrite 1 to 2 mm. across.

The schist consists of lenses, arranged parallel to one another,
of fine-grained granular quartz; highly stressed elongate grains of quartz;
groups cof parallel flakes of sericite and chlorite; opaque masses of carbon,
and minute grains of pyrite. The well-marked foliation parallel to the
macroscopic barding is intersected at an angle of about 30 degrees by a
later shear foliation.

F.N. 145616 T.S.R. 14485 Drillhole DDi, depth 153 feet.

The sample consists of a fragment of dark grey quartzite, 1.5
inches across, crowded with cubes of pyrite which comprise about 10 percent
of the rock. '

Under the microscope the rock is seen to consist of interlocking
grains of quartz, ranging from O.imm. to 1mm. across, scattered flakes of
muscovite, grains of pyrite and sparse interstitial siderite. The grains
of quartz have smcoth boundaries, but some of the larger grains may be
perphy=oblasts. The flakes of muscovite occur in the interstices between
the grains of quartz and comprise 5 to 10 percent of the rocke. The muscovite
is fresh but ragged amd in places appears to invade contiguous quartz groing.
Some muscovite appears to have been altered to penninite along the cleavage
plenes. The pyrite occurs as cubes upto 2mm. across. The margins of some
quartz grains are marked by wisps of carbon.

F.N. 145617 T.S.R. 14486 Drilihoie DD1, depth 182 feet.

The sample, a one-inch length of corey is a fine-grained black
schist with thin bands of pyrite parallel to the foliation and thin vein-
lets of pyrite intersecting the foliation. Examination under reflected
light did not reveal any sulphide other than pyrite.

Under the microscope the rock was found. to consist of masses of
opague carbonaceous material, cubes amd veinlets of pyrite, ovoid grains of
quartz, flakes of sericite and chlorite, all set in a mosaic of fine-grained
quartz. The flaky minerals are orientated parallel to a thin composition
banding, which may be bedding or an early metamorphic foliation. This
banding is intersected at an angle of aboui 20 degrees by a shear foliation.
Pyrite ocours as cubes scattered through the rocky; in layers parallel to
the compesition banding, amd as irregular veinlets intersecting the banding.
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F.N. 145618 T.S.R. 14487  Drillhole DD2 depth 52 feet

The specimen is a two-inch core of contorted pyritic,
carbonaceous, quartz schist.

Under the microscope the thin-section was found to consist of
a‘mosaic of interlocking grains of quartz, 0.1 - 1mm. across, which make up
80 percent of the rock,; wisps of orientated fresh ragged flakes of muscovite,
and bands and veinlets of pyrite. The lenses of mica contain lenticles and
trails of small granules of opaque carbonaceous material. The bands of
quartzite contain parallel flakes of muscovite and trails of minute granules
of carbon. i1

The pyrite occurs as cubes, lenses and veinlets in the quartzese
bands and comprises 10-15 percent of the rock. ' '

” "pﬁb”_._.,

F.N. 145619 T.S.R. 14488 Drillhole DD2 depth-403 feet

The sample is a two-inch fragment of dark grey quartzite
containing scattered cubes of pyrite, 1mm. across, which form about 5 percent
of the rocke.

Under the microscope the rock is seen to consist of anhedral
interlocking grains of quartz, from 0.1 to O.5mm. across, with interstitial
granular carbonaceous material and flakes of chlorite (pemninite). The
quartz grains do not have sutured margins, but are highly strained.
Examination of the sulphide under reflected light showed it to consist
entirely of pyrite.

F.N. 145620 T.S.R. 14484 Drillhole DD2 depth 133 feet

The sample is a two-inch fragment of folded pyritic, carbon-
aceous, quartz-sericite schist.

Under the microscope the rock is seen to consist of bands of
quartzite, crowded with cubes of pyrite 1 to 2mm. across,; and bands of
carbonaceous quartz-sericite schist. Some of the grains of quartz in the
quartzite are granulated, many show strain shadows, but none have sutured
margins. The quartz in the bands of schist occurs both as lenticular
poikilcbiastic crystals, upto O.5mm long and crowded with flakes of sericite
and wisps of carbon, and as small elongate granules. The sericite occurs
as small, straight, ragged flakes parallel to the banding of the rock. The
banding of the rock is also marked by wisps and trails of carbon. There is
a well marked late-stage crinkle~jointing parallel to the axial plane of
the minor fold visible in the thin-section.

Fo.No 145621 T.S.R. 14490 Drillhole DD2 depth 201 feet

The specimen; a two-inch long piece of core, is a pyritic,
carbonaceous, sericite-quartz schist. Examination of a polished section shows
the sulphide to consist of cubes and lenses of pyrite, 0.2 to 0.5mm. across,
disseminated through the rock and along the foliation.

Under the microscope the rock is sesn to consist of a mosaic of
poikiloblastic crystals of quartz, less than O.imm across and comprising 60
percent of the Tock, crowded with parallel trails of minute specks of carbon
ard containing randomly orientated flakes of sericite less than 0.05mm. longe.
The bigger grains of pyrite occur in the bands of coarse-grained quartz.
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FN. 145622 T.S.Ro 14497 Drillhcle DD2 depth 242 feet

The specimen is a fragment of white quartz, two inches long,
with a 1little pyrite and some brown stains and greenm stains along the cracks
in the quartz.

Under the microscope the thin-section is seen to consist of
irregularly shaped crystals of quartz upto 10mm. across. The crystals
show intricate sirain shadows snd have sutured margins. The quartz
crystals are crowded with groups and trails c¢f minute inclusions and gas
bubbles. The thin-sestion contains a few wisps and irregularly shaped
masses, upto 5Smm. long, of minute clasy minerals with extensive iron-staining
and silicification. Pyrite occurs as irregularly shaped magses, upto imm.
acress, in the wisps of clay minerals and as thin veinlets in the quartz
crystalse.

F.N. 145623 T.S.R. 14492 Drilihole DD3 depth 111 feet

The specimen, a two-inch length of core, is a dark grey
quartzite containing minute specks of pyrite scattered along the fracture
pla?.'?ﬁSo

Under the microscope the rock is seen to consist of interbedding
granules of quartz, abou} 0.2mm. across, ard scattered larger grains upto fmm.
across. The larger grains have markedly irregular boundaries and may be
glomeroporphyrobiasts. Some rounded grains with irregular pellicles of
secondary quartz were found. Calcite occurs as irregularly shaped interstitial
masses and forms 5-10 percent of some parts of the rocke Chlorite, both
penninite and clinochlore, formsinterstitial masses and also occursas
scatiered flakes between the grains of quartz. Granules of graphite occur
in the interstices between the grains of quartz and as thin wisps throcugh the
rook. Cubes of pyrité, 0.2mm. across, ave scattered through the rock and
form less tham ore percent of the thin-section. :

F.N. 145624 TeS.Ra 14493 Drillhoie DD3 depth 183 feet

The specimer, a one-~inch fragment of core, is a well-foliated
carbonageous quartz-sericite schist, crowded with small pods of pyrite that
are elongated paraliel to the foliation amd form about five percent of the
recko

Under the microscope the rock is seen t5 consist of small
parallel flakes and wisps of sericite, scattered through a mosaic of intergrown,
irregularly-shaped, elongate crystals of quartz, less than 0.05mm. long and
crowded with granules of carbon.

Examination of a polished section shows the sulphide to be
entirely pyrite. It occurs as cubes, prisms and blebs 0.2 to 1mm. long,
scattered along ‘the foliation planez.



-5_ .
F.N. 145625 . T.S.R. 14494 Drillhole DD3 depth 230 feet .

IJ
\,
.,n

The specimen, a half-inch length of core, 'is' a black, carbonaceous;,
quartz~-sericite schist.

: Under the microscope the rock is seen to consist of bands of
fine~-grained granular quartz alternating with bands of interlocking,
irregular-shaped, crystals of quartz (0.05mm. across) with diffuse margins
-and crowded with granules of graphite and flakes of sericite. The flakes
of sericite are parallel and intersect the composition banding at an angle
~of about 30 degrees. Some of the irregularly shaped grains of quartz are
elongated parallel to the sericite flakes. The original rock appears to
have been extensively recrystallised and to have had a cleavage imposed
upon ite.

' . Pyrite comprises 3 to 5 percent of the rock and occurs as cubes
and blebs scatiered through the rock; the cubes and blebs are larger in the
more quartzose bands than elsewhere.

F.N. 145626 .  T.S.R. 14495 ' Drillhole DD17 depth 26 feet

The specimen, a one-inch length of core, is a crumbly, porous,
pale grey and pink breccia. It gives a positive reaction to tests for
'phosphate. It effervesces in dilute hydrochloric acid and most of it
dissolves, leaving a residue of red clay and quartz. On immersion in water
the breccia breaks up into a mass of colourless fragments of calcite and
quartz and red clay.

Some difficulty was encountered in making a thin-section of the

- rocke. .The thin-section consists of fragments of calcite of various shapes

and sizes, set in a matrix of clay which is crowded with granules of quartz, «
hematite, limonite, and epidote. The phosphate-bearing mineral was not
recognised.

This rock requires further examination. The clay may be one of
the montmorillonite group - the expanding clays— and the source of the
phosphate needs investigation.

F.N. 145627 T.S. 14496 Drillhole DD17 depth 36 feet

The sample, a two-inch length of core, consists of rounded fragments
of quartz, 1 to 10 mm. across, set in a red silicified sandy matrix.

Under the microscope the large fragments of quartz are seen to
consist of several interlocking crystals, upto 2mm. across, with strain
shadows amd sutured margins. Some fragments consist of quartzite composed of
interlocking grains of quartz.0.2mm. across. The large fragments of quartz
and quartzite have smooth rounded margins. These fragments are set in a
matrix of irregularly shaped grains of quartz, 0.1 to 0.2mm. across, cemented
together by a limonitic silica cement. Patches of colourless kaolin flakes
-cceur in some of the interstices in the matrix. Many of the fragments of quartz
and the small grains of quartz contain trails of minute unidentified inclusions.
Some contain minute inclusions of limonite and twisted ribbons of rutile.

The rock is a silicified limonitic quartzite breccia. .



APPENDIX 2

GEOLOGICAL LOGS OF DRILL HOLES

For locations of drill holes see:

Damsite drillholes — Nose. 1, 2 and 3 - Plate 8
Saddle drillhole - I3 - Plate 16

Pondage site A drillholes - Nos 17 & 19 - Plate 17

Pondage site B drillhole - R11 - Plate 19

For calculation of water pressure test results see Appendix 3.
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APPENDIX 3

WATER FPRESSURE TEST RESULTS

The key to the symbols in the column headings of the water

pressure test

result sheets is as follows:

measured along the inclination of the hole.
use 1 - when water table is below the test section
use 2 - " L i " above " " "

Factor e for head loss is read from standard graphs.

For lccation of drillholes 1, 2 & 3 (damsite) - see Plate 8

] it ] I3 (1St saddle) " " 16

" " * 17 & 19 (pondage site
A) " n 17

n " n R11 (pondage site B) " n 19
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BUREAU OF MINERAL RE=OURCES
DARWIN RIVER WATER STORAGE SCHEME
Hole No.l WATER PRESSURE TEST RESULTS
. . : For explanatory notes, see page 1 of Appendix.
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BUREAU OF MINERAL RESQURCES

DARWIN RIVER WATER STORAGE SCHEME
H ole No, 1 WATER PRESSURE TEST RESULTS
For explanatory notes, see page 1 of Appendix.
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BUREAU Ot

MINERAL RE -OURCES

DARWIN RIVER WATER STORAGE SCHEME
WATER PRESSURE TEST RESULTS

For explanatory notes, see page 1 of Appendix.
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BUREAU OF MINERAL RESOURCES

DARWIN RIVER WATER STORAGE SCHEME
WATER PRESSURE TEST RESULTS

For explanatory notes, see page 1 of Appéndix.
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BUREAU OF MINERAL RESCURCES

DARWIN RIVER WATER STORAGE SCHEME
WATER PRESSURE TEST RESULTS
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BUREAU OF MINERAL RELOURCES

DARWIN RIVER WATER STORAGE SCHEME
WATER PRESSURE TEST RESULTS

For explanatory notes, see page 1 of Appendir.
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BUREAU Gr

MINERAL RESOURCES

DARWIN RIVER WATER STORAGE SCHEME
WATER PRESSURE TEST RESULTS

For explanatory notes, see page 1 of Appendix.
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BUREAU OF MINERAL RESUURCES

DARWIN RIVER WATER STORAGE SCHEME
WATER PRESSURE TEST RESULTS

For explanatory notes, see page 1 of Appendix.
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BUREAU OF MINERAL RELOURCES

DARWIN RIVER WATER STORAGE SCHEME
WATER PRESSURE TEST RESULTS

For explanatory notes, see page 1 of Appendix.
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BUREAU OF MINERAL RESOURCES

- DARWIN RIVER WATER STORAGE SCHEME
WATER PRESSURE TEST RESULTS

For explanatory notes, see page 1 of Append »
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BUREAU OF MINERAL RESOURCES

DARWIN RIVER WATER STORAGE SCHEME
WATER PRESSURE TEST RESULTS

For explanstory notes, see page 1 of Appendix.
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1st Saddle 1.3.

WATER PRESSURE TEST RESULIS

For explanatory notes, see page 1 of Appendix.
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D.D.17. WAIER FRESSUKRE [.S1 RESUL:S

SECTION TESTED | TIME OF | TIME OFf GAUGE
DATE FROM TO START TEST | PRESSURE
(feet) (teet) | OF TEST | (min) (p-s:i)

a b t

For explanatory notes, see page 1 of Appendix,
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D.D.19.

WATER

PRESSURE TEST RESULTS

For explanatory notes, see page 1 of Appendix.
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D.D.R1.

WATER PRESSURE TEST RESULTS

For explanstory notes, see page 1 of Appendix,
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D.D.R11.

WATER PRESSURE TEST RESULTS

For explanatory notes, see page 1 of Appendix.
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PLATE 1.

Pig. 1

Darwin River Dam Site - Railway cutting, northern face. Interbeds of
schist and quartzite are contorted into a recumbent anticlinal fold,
plunging to the south-west at 35 degrees.

Pig. 2

Darwin River R.A.A.F. quarry. Interbeds of guartzite and schist have been
fo%ded into a tight anticlinal structure; the axis of the fold plunges
307 5.



PLATE 2

Upper Fondage Site A - southern abutment. Sandstones of the Depot Creek
Sandstone Member (?) have been silicifed to a closely jointed pale pink
orthoquartzite. OSeismic evidence indicates deep weathering at the site.

Lower Pondage Site B - northern abutment. The Depot Creek Sarml stone Member(?)

o

strikes at 030" and dips at approximately 20° to the south. A lens of
sandstone breccia can be seen in pale pink closely jointed sandstone.



PLATE 3

DARWIN RIVER WATER STORAGE SCHEME

.

JOINT STEREOGRAM OF PONDAGE SITE B

©
2
v
c
o
o
b3

North

Poles of joint planes are plotted on Wullf net.

Bottom Hemisphere Projection
D52/A4/50
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PLATE S

DARWIN RIVER WATER STORAGE SCHEME

MATERIALS
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PLATE 6

DARWIN RIVER WATER STORAGE SCHEME

Loyout of auger holes for construction materials
Sections shown on plate 7 and locality on plate S
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DARWIN RIVER WATER STORAGE SGHEME

Interpretative geological sections through auger holes.
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DARWIN RIVER DAM SITE

VERTICAL SECTIONS ALONG RAILWAY CUTTING AND COSTEANS SHOWING GEOLOGICAL
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South West Darwin River Water Storage Sc:ihcme
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PLATE 12
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PLATE 14
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