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APPRAISAL OF THE GEOLOGY OF THh MUSA RIVER HYDRO-FMECTRIC

SCHEME, PAPUA, 1969 

SUMMARY

The gorge of the Musa River, about 110 miles east of Port

Moresby, is being considered as the site of a dam to produce hydro-

electric power. The river would be fully developed by the ponding of

water to about 800 feet above gealevel, requiring a dam about 480 feet

high.

The gorge is up to 1000 feet deep and has many sections with

attractive profiles; it cuts through the Didana Range and is incised

into basics and ultrabasics of the Papuan Ultrabasic Belt. The rock

present, where fresh, would provide strong foundations but the depth of

weathering, particularly in the sides of the gorge, is generally unknown.

The ultrabasic and basic rocks are commonly rich in serpentine which, if

altered by weathering or other natural processes, may give rise to mater-

ial of low strength, particularly in shear. Instability of the gorge

walls may severely limit the selection of a suitable damsite. The region

is one of moderate seismic risk.

Fresh rock from the vicinity of the gorge would make satisfac-

tory rock-fill. No investigation has yet been undertaken for material

for an impermeable earth core but observed material may no be suitable.

Sources of other constructions materials in the area should be available

in or near the gorge.

Extensive site and laboratory investigations will be needed to

confirm the suitability of any sites selected for a dam, spillway, power

station and associated works.
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INTRODUCTION

It is proposed to develop the middle Musa River for hydro-
, electric power generation by construction of a dam in the Musa Gorge.

Full development would require a dam about 450 feet high, with top
water level at about RL800. Geological factors in the feasibility of
the project are discussed in this appraisal.

TOPOGRAPHY

The middle Musa River flows east-south-east and meets the
Domara and Adau Rivers, which flow north, and the Ibinambo River, which
flows west-north-west, in an intramontane basin centred roughly at the
village of Safia (latitude 09 036'S, longitude 148 0 38 1 E). Four miles
north-east of Safia the Musa River flows north-north-east through the
Didana Range in a winding gorge which is 7 miles long on the chord and
up to 1000 feet deep. On leaving the gorge, the lower Musa River flows
across a low-lying swampy coastal plain to discharge into Dyke Ackland
Bay, on the north coast of Papua.

That part of the Owen Stanley Range on the south side of the
Middle Musa River is generally much lower in elevation than most of
the range.

ACCESS

There are no vehicular roads. The nearest administrative
centre is at Tufi, on the north coast and 58 miles north-east of Safia.
There is a grass airstrip at Safia and this is the point of entry at
present for field parties working in the region.

GEOLOGY

STRATI GRAPHY

The general geology is shown on the accompanying plan, which.
also shows the outline of the reservoir with top water level at about
800 feet above sea level. At this elevation the shoreline would be
almost entirely on sedimentary rocks and lavas of the Domara River Beds.
The gorge is in peridotite and gabbro. The eastern end of the reser-
voir would be on unsorted boulder gravels of the Ibinambo alluvial fan.
At the western end are metamorphic rocks and alluvial fan gravels.

The map produced by Smith and Green (1961) shows that the
upper 21- miles of the Musa Gorge consists of peridotite and dunite;
farther downstream the rock is gabbro. The distinction represents
a generalization based on detailed reconnaissance mapping only; in
detail, a variety of ultrabasic and basic rocks occur within quite small
areas. Regionally, the most common minerals are olivine, pyroxene,
feldspar and amphibole. The olivine, which occurs in both ultrabasic
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and. basic rocks, is serpentinized to degrees ranging from slight to
complete; pyroxene is also serpentinized to a lesser extent.
Serpentinization is not related to weathering and allied near-surface
processes.

STRUCTURE

Faults^The topography of the middle Musa River is largely determined
by faults, most of which have been active in recent geological times and
some of which are probably still active. The dominant strike is east-
south-east; other important faults strike east of north and south-east.
Yeffi, in a photogeological study of the Musa Gorge area (Appendix 2)
identified several short faults which do not appear to have greatly influ-
enced the course of the river within the gorge.

Folds^The pre-Pleistocene rocks show folding of high intensity while
the Pleistocene Domara RiveroBeds have been folded along east-south-east
axes with dips as high as 65 . Structure within the ultrabasic belt of
the Didana 13,qnge has not been deciphered.

Joints^Field inspection shows that the igneous rocks in the Musa
Gorge are abundantly jointed. Maffi confirms this; he found no wides-
pread dominance of directions of fractures, but there appears to be a
general control of the course of the river in the Musa Gorge by lineaments.

VOLCANIC ACTIVITY

Three volcanoes within 60 miles of the project have been active
i in the last 80 years. They are Mount Victory, 40 miles north-east of

Safia, Gorupu, 30 miles east and Mount Lamington, 56 miles north-west
of Safia. The last eruptions were in 1880, 1944 and 1951 respectively.

SEISMICITY

Records of the Geophysical Observatory in Port Moresby show
that there is a fairly active seismic zone extending from the Gorupu
Mountains, east of the reservoir area, towards the Solomon Islands.
The positions of epicentres of shocks occurring in 1958-68 at depths
less than 70 kilometres and of magnitude greater than 4 on the Ricbter
Scale are shown in the inset on the general plan.

The Observatory has no record of felt intensities of shocks
in the gorge and reservoir area. Shocks felt at Tufi and other near-
by localities since 1963 have been reported as intensity IV-V on the
Modified Mercalli Scale.



-3-

ENGINEERING GEOLOGY

DAMSITE

The whole of the Musa Gorge, except about 4000 feet near the
mouth, is incised into ultrabasic and basic rocks of the Didana Range.
Within this rock complex the gorge is topographically suitable for a
dam at many points over a distance of more than two miles. The fall in
the river through the gorge would make a site near the head of the gorge
the - most attractive. Topographically the most suitable site to pond
water to RL.800 appears to be either upstream or downstream of the bend
to the north-east in the river at co-ordinates 344,400N, 342,600E; at
these points the valley profile is narrow and a saddle about 700 feet
above the river,on the right bank, could provide a suitable spillway
site.

The sides of the gorge in many places have slopes of 45 0 or
steeper, and numerous scars of landslips can be seen on the ground and
on airphotographs. Maffi (Appendix 2) - has distinguished between old
slips and recent slips and has identified two areas, about co-ordinates
340,000N, 344,000E and 350,000N, 347,00E, that appear to be free of slips
and therefore attractive as damsites. The presence of slips does not
necessarily render other sites unsuitable.

Exposed rock in the river bed is generally fresh; it is commomly
closely jointed. Farther up the sides of the gorge both fresh and weath-
ered rock have been seen. Outcrop at river level is sparse to common,
being limited by sand and shingle banks, scree and deep water. The depth

4^of unconsolidated material in the river bed is not known but the presence
of numerous rapids suggests that in many places some rock.occUrs at a
shallow depth. On the slopes, apart from in cliffs, outcrop is generally
poor and depths of soil and weathered rock are unknown.

Fresh rock examined in the field was extremely tough and
difficult to break by hammer; such rock should be very strong and durable
and should provide excellent dam foundations. However the presence of
serpentine, which is a soft, "greasy" mineral, would tend to reduce the
shear strength of the rock in which it occurs, particularly if slightly
weathered.

The basic and ultrabasic rocks, being crystalline, are essen-
tially impermeable: any water movement would be along joints. Joints
are well-developed, and commonly open, at the surface and would probably
provide channels for groundwater movement, slipptag-and weathering to
considerable depths in the sides of the gorge. At and close to river
level, joints are probably tight at a few feet depth. In addition, it
may be expected that faults and shears are present in places and form
zones of weak , and possibly deeply weathered, rock.



-4-

At the present stage of investigation it is not possible to
indicate likely spillway sites or conditions, beyond that referred to
in the first paragraphof this section. Although depth of weathering is
not known in that saddle, it should be possible to found the spillway
crest and chute in sound, stable rock. Fresh, or slightly weathered,
basic or ultrabasic rock should provide very adequate foundations for a
spillway and chute.

Tunnelling should not present any serious difficulties. Fresh
rock should generally stand well without support except where closely
jointed_or sheared .. Highly serpentinized rock may tend to overbreak
and fail along joints and shears if. left unsupported, bedause of -low
co-efficient of friction of serpentine.

The region is one of moderate seismicity. Allowance will there-
fore have to be made for earthquakes in the design and siting of any
dam and ancilliary strcutures, but nomseriouses problems should occur if
proper allowance is made. Instrumentation should be installed at an early
stage of investigation to determine ground response, to earthquakes, of
the various foundation materials present.

In summary, the configuration of .the gorge and foundation.
rocks present make the Musa Gorge attractive for a hydro-electric Scheme.
Problems of slope stability, and the mechanical properties of highly
serpentinized rocks, will require special attention; they are not expected
to create problems of a magnitude.that'would prejudice the econOmid or
technical feasibility of the scheme, - but the present state of knowledge
does not enable a categorical assurance to be given. The necessary studies,
coupled with the inaccessibility of the gorge and the volume and speed
of water in the river, will probably require expensive and protracted work,
for which allowance should be made in programming.

POWER STATION

Fresh rock would provide very,SatisfactOry -foundationsor . -4
power station, and fresh rock is belieVed -to.Oecur it. shallow depths
at rivet, level in most places. A'Surface'station.wOuld_have to be sited
in an area free of the risk of "daMage by landslides; --thiS requirement ;

may limit the number of satisfactory sites, but inspections so far made
suggest that suitable. sites are available.

,^,^•,'

'The feasibility'oCan underground power station, r,should one be
considered necessary, would: require careful investigation because of the
possible effect of joints and shears inserpentinods rock - on .the -stabil-
ity of the Opering. - -

RESERVOIR

In general, the reservoir is rimmed by mountains of crystalline
or metamorphic rocks, and leakage paths are very long, consequently there
is no risk of leakage. Wowo Gap, at the eastern end of the proposed
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reservoir, has been examined and is considered to be water-tight. There
are several low saddles in the Didana Range west of the gorge where short
leakage paths could be present. The saddles are all believed to be well
above proposed top water level and to be in basic or ultrabasic rocks.
The risk of leakage is therefore considered slight but all low saddles
will require investigation.

Slopes at the edge of the proposed reservoir are generally
gentle to moderate and only local landslips are thought likely to occur.
Slips of this type would not significantly affect the reservoir. A major
earthquake would probably causeextensive slipping but only slips in the
gorge are likely to require consideration in the planning and design of
the scheme.

.Eruption of any of the three . volcanoes in the region with a
known history of eruption could cover the reservoir with ash, and cause
temporary difficulties in the operation of the scheme, but it is unlikely
that any ejecta of dangerous size and weight would fall in the area.

CONSTRUCTION MATERIALS 

-Rock-fill Fresh rock from the environs of the dainsite should make a
satisfactory rockfill product. It should prove to be strong enough, as
specimens tested by hammer were very hard and tough. Testing may reveal
that highly serpentinous rock should be avoided or used selectively. Size
distribution of broken roclw .j.pj have to be checked by trial. Care may
be needed to avoid weathered and ultrabasic rock.

Filter material Filter material for any fill structure should be obtain-
able, either as sized material from the rock-fill quarry or from river
sands and gravels, which are composed of a variety of igneous and metam-
amorphic rocks.

Impermeable earth material No systematic observation have been made
of earth materials. The recent river alluvium between Safia and the
Musa Gorge generally, on casual observation, appears too silty to be of
use but there are other possible sources of supply of materials suitable
for use as impermeable core material.

Concrete aggregate Fresh rock from the rockfill quarry may prove satis-
factory for use as coarse aggregate, although the presence of serpentine
is not desirable. Even if testing proves serpentinous rock to be unsatis-
factory it may be possible to find bodies of fresh ultrabasic or basic
rock with acceptably low serpentine content. A possible alternative
source is the basaltic agglomerate'in the Pleistocene Musa Volcanics at
the head of Musa Gorge.
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Sources of sand have still to be investigated. The banks of
sand, gravel and cobbles in the gorge contain a variety of rocks; most
of the cobbles and boulders appear to be of igneous rocks - basic, ultra-
basics and volcanics - but some durable metamorphics are probably present.
The fine material in the banks would require thorough testing for size
distributions of grains, durability and strength, and reactivity with
cement to demonstrate their suitability as fine concrete aggregate, as
some of the minerals likely to be present tend to have undesirable prop-
erties for concrete-making.

REFERENCE

SMITH, J.W., and GREEN, D.H., 1961 - The geology of the Musa River area,
Papua. Bur. Miner. Resour. Aust. Report 52.
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APPENDIX 1 

Notes on Inspection of Musa Gorge, August 1967.

by

E.E. Carter

The gorge, from the gauging station near its head (see Plate 1)
to a point about 1-i- miles downstream (grid reference 344,500N, 342,300E)

was inspected on 4th and 5th August. A short foot traverse, mainly: on
high ground, above the right bank of the gorge was made on the afternoon
of 4th August, and the left and right banks of the gorge immediately up-
stream of the grid reference point given above were inspected on 5th August,
after positioning by outboard motor boat. The area inspected on the 5th
August is a possible damsite; it is attractive because of the profile,of
the gorge to a height of about 480 feet above

. river level and because of
the existence of a saddle in the right bank. Uncorrected barometric read-
ings, using a base barometer at river level, showed the saddle to be about
690 feet above river level. The photogrammetric contours on Commonwealth
Department of Works' drawing No. PH68/104 show a height of between 700 and

. 750 feet. Another possible site, making use of the same saddle, occurs a
short distance downstream of the bend in the river at 344,400N, 342,600E;
it was examined from the distance only.

The gauging station and camp are on Musa Volcanics - a member of
the Pleistocene Domara River Beds. At the gauging station the volcanics
are of coarse, angular, probably basic, agglomerate similar in appearance
to those atRouna. and Sirinumu, near Port Moresby; they dip upstream at
about 15 . About half a mile downstream intrusive rocks of the ultrabasic
complex of the Didana Range appear below the Domara River beds; a contact
was not seen.

At co-ordinates 338,000N, 346,400E a.cliff several hundred feet
high forms the right bank of the river;- it is a pronouced lineament.
Another cliff, at 342,500Y, 343,700E, also forms a prominent lineament; it
has been interpreted by Maff“Appendix 21 as.a fault.

Damsite at, or about Co-ordinates. 342,500Y, 342,9.00E:

The left bank-of the gorge rises_steeplyi,apperently from fairly
deep water. Exposure at river level is not. very good;: rock. examined ranges
from fresh strong and tough to slightly weathered - indicated by a crust of
weathered rock about inch thick. Most rock seen_is_massive and from fine
to coarse-grained; some is banded., (For2petrographic_descriptions of three,
specimens from the genera area see Appendik.3)..

The left bank, slightly - downstream from.the.damsite,,was climbed
to a height of 200-300 feelt to_examine an area of staining. The ascent
was over slightly weatherea to fresh, but generally strong, rock but at the
hightest point reached a narrow ledge consisted of rubbly, highly weathered



rock. All rocks examined are closely jointed. Farther upstream high,
bare cliffs, apparently of strong rock, rise many hundred feet from the
river. The cliffs have huge open joints, parallel to the gorge face,
behind them and would not provide, without extensive stripping, a satis-
factory dam abutment. A huge slip, centred slightly downst ,-eam of the
axis of the proposed damsite, and extending to the skyline (when qbserved
from the right bank of the river), is apparent from the 8 12-4478frillilggorge
rim. The slip has exposed what appears to be a small outlier of Domara
River Beds at the top of the slip. Maffi (Appendix 2) has recognised this
slip and also one other on each side of the gorge at the proposed damsite.

The right abutment of the site is a cliff that forms part of,
or extends from, the lineament at 342,500N, 343,700E. Above the cliff is
a narrow spur 480-500 feet above river level. At the point of the spur no
outcrop was observed but fresh rock is strewn on the surface, suggesting
that bedrock occurs at shallow depth.

In the saddle at 343,850N, 344,200E, which has been suggested as
a possible spillway site, angular blocks of fresh to slightly weathered
rock occur at the surface. Specimen 68370003 - see Appendix 3 - was coll-
ected at the saddle. The presence of the rock strew again suggests sound
rock at shallow depths.

Topographically, the site appears very suitable for a dam up to
480 feet high, apart from the narrowness of the upper part of the spur form-
ing the right abutment. Fresh rock would provide adequate foundations for
any type of dam. Probably weathering in the abutments and saddle is not
deep but extensive testing would be needed. The presence of major land-
slips, possibly on both sides of the river, of large open joints parallel
to the gorge wall, in the west (left) side of the gorge, and of the linea-
meant (probably a fault) forming the right bank, create problems and may
render the site unsuitable for a conventional type of dam.

Damsite at, or about, Co-ordinates 344,900N, 343,000E

This site has a cross-sectional profile similar to the one described
above. It would be sited on, or just downstream of, rapids. The site was
not examined on the ground but inspection from the distance and photo-
geological studies suggest that it is ptobably more suitable than the site
at 342,500N, 342,900E. The left bank is a poorly vegetated face, probably
formed by failure in fairly recent times. Maffi shows the face as the site
of a recent landslide, backed in part by an older slide which faces farther
upstream; he notes that the steep slope may be unstable. However, provided
planes of failure have not already developed behind the face, the existing
gorge wall should provide a satisfactory abutment. The site, of course,
is closer to the point of discharge over the suggested spillway site than
the upper site.
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APPENDIX 2

PHOTOGEOLOGICAL STUDY OF THE MUSA GORGE

by

C.E. Maffi

1. The air photograph Namo 0130 covers the entire area of the
project. To obtain stereoscopy , photographs Namo 0131 and Ubo 0129
were used. The normal scale is 1:50,000.

The photo-interpretation was carried out with the use of a
scanning storeopcope equipped with a X3 binocular.

A morphological analysis of features related to the stability of
the slopes and a statistical analysis of fracture traces compose this study.

I No photogeological map was produced because the accuracy obtainable in this
type of country would have been inadequate for the purpose and would have
not sensibly improved the map by Smith and Green (1961); detailed field
mapping will accomplish the task better than photogeology.

The figures accompanying these notes, with the exception of fig.
3, are at phOto-scale and may be laid on photo Namo 0130 using the
principal point and the transferred principal points for positioning.

A 5,000 foot grid is traced on the figures and corresponds with
that traced on the "Musa River Dam site" 1:6,000 scale map by Qasco air
Surveys.

2. Fig. 1 shows morphological features that can be related to the
stability of the slopes along the Musa River.

Remarkable breaks of slope, generally arcuate, are interpreted
as scars of landslides; the rim at the top of the slope is plotted. The
distinction between recent and old slides rests on ':,he presence of established
vegetation on the latter. Future landslides will not necessarily be con-
fined to the areas of past slides, but at points 1,2, 3 and 4 the steep
slopes may be unstable. At points 3 and 4 the situation is worsened by the
presence of faults or major joints.

Deposits of incoherent material are visible along the gorge; but
debris undetectable from the airphoto may be present along the slopes.

The circles at A and B iepresent areas that, on the airphoto,
! look stable: landslide scars are absent and slopes are shallower than
most. This does not imply that they are the only stable areas; other
suitable sites for the construction of a dam may be found by means of the
field mapping.

3.^Photogeological fracture traces were studied with the purpose of
localizing fractured zones and significant directions of weakness. Because
of the small area concerned, no attempt is being made to infer structural
features from fracture analysis.



The following types of linear features were plotted from the
airphotos (Fig. 2):

(a) Aliments of topographic features: abrupt changes of
topographic level along a line; incised, straight valleys and stream
courses; straight, slightly elevated ridges.

(b) Vegetation alignments: alignments of trees; linear gaps in
the tree pattern; abrupt changes of vegetation along a line.

(c) Tone alignments: differently-toned lines in a uniform
pattern.; straight boundaries between differently-toned areas.

During the study, care was taken to aviod misleading factors,
. such as shadow alignments, that produce a widespread parallel pattern trend-
ing south-west.

4. The total field of fracture traces is shown in Figure 2. The area
appears intensely fractured. The abundance of fractures does not signific-
antly vary from place to place within the area examined; however a moderate
concentration is observable in the centre bottom of the figure. •

5. In order to obtain a picture of their distribution in azimuth,
fracture traces were classified according to their directions in 18 units
of 10° .

The lengths of linear features in each group were measured, com-
puted in terms of percentage of the total length and plotted in rosette-
diagrams.

5.1^Figure 3 is rosette-diagram of the total field. No markedly
dominant trend is observable; factures are present in all directions and
percentages Vary from 1.9411e150 group to 9.8 in the 080 group.

Moderately preferred orientations are 0750 to 0850 , and the sector
between 105 ° and 135° ; the latter is parallel to the faulted north-east
margin of the Musa Valley.

.5.2^Local features of theazimuth distribution are shown in figure 4,
where the total field of fractures is divided into unit areas of 25,000
square feet. For the sake of clarity, percentages of less than 5% were
ignored during the construction of the rosette-diagrams.

The different shapes of the rosettes clearly demonstrate that
the general character of the total field, shown in fig. 3, is not uniform
throughout the area, but in reality is the resultant of several very
different patterns; fractures, although uniformly abundant, do not trend
uniformly.

Rosette-diagrams numbered 18 a43 cover the area of the proposed
dam sites; the preferred orientations of fractures in this area are east-
north-east, west-north-west and north. In No. 18 about 50% of the fractures
trend between 035 ° and 085 ° . In No. 23 about 18% trend between 055 0 and
065°.
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MUSA GORGE, EAST PAPUA

Fig.A2-3^Azimuthal distribution of fracture traces — Tcrtal field.
Percentage of total length per azimuth units of 10 °

To accompany Record 1969/76
^

C55/48/10



N 33500
E330000

365

360

355

350

345

340

. sy,
A.A."
iiiv,

....(---r;(------ 91::"

. , os,
,...„„

4v

0, 34..,..)

,0

rut.,
,...,
...,

I, ^ ..._,12 13

Ai"far4IWIt,41 Vilirt%e •--..%

 ^14

itA,kap 44Vito
 ^15

4007,„ 16 ^

10040
°41.*

 17

110440
VIO

Cfrili
V

18 19

411)
191

 ^20

41111N110lialp

21

AllikRIft--,0 OA..

22 23

IOWWA40

-----=1

1.--^,
"
1140 04,4411.1

OA

25

v•WO misuf

27

dellA "
W;--410-V
*10

28

41 VPV ?All
vi".41."•-
410

 ^29

ft*
Ihillo■
iiiV

0^5^I 0^15 20
% of^total^length per
azimuth units^of 10°

Photo -scale
(=^I : 50,000)

‘16#4,

335 340 345 350 355

MUSA GORGE, EAST PAPUA

Azimuthal distribution of fracture traces.
Unit areas of 25,000 sq. ft.^ Fig. A2-4

To accompany Record 1969/76
^

C55/A8/II



6.^The following conclusions are drawn:

The banks of the Musa River, in the tract studied here,ae
unstable in places (see Fig. 1) but there appear to be sites suitable for
the construction of a darn.

The whole area is abundantly fractured. Dominant trends differ
from places to place (see fig. 4) but, in the environs of the proposed dam
sites, east-north-east and west-north-west appear to be preferred fracturing
directions.

1
Slope consolidation work will probably be necessary.

REFERENCES 

J.W. SMITH and D.H. GREEN - 1961 - The geology of the Musa River area,
Papua. Bur. Min. Resour. Aust. Rep.  No. 52.

WISCO AIR SURVEYS - Musa River Dam Site 1:6,000 scale map.



12.

APPENDIX 3:

PETROGRAPHIC EVALUATION OF ROCKS FROM MUSA GORGE

by

C.E. May

Three samples were collected from near the site of the proposed
Hydro Electric Power Scheme on the Musa River in Eastern Papua. The rock
forming the gorge are part of the Papuan Ultramnfic belt.

68370002

Location Left bank of the river, south of the lower damsite.
Petrographic name: Serpentinized pyroxene olivinite serpentinized wehrlite).
Petrography:^Originally the rock consisted of approximately two
thirds, or more, of olivine and the remainder of orthopyroxene. Now, after
extensive alteration, there remains only a mosaic of fragments (40-5 0%)
enmeshed in serpentine. The olivine is magnesium-rich, as evidenced by
the lack of iron oxides in the alteration products; the relict pyroxene
is probably hypersthene.

Engineering properties The mesh work of serpentine would provide possible
planes of slip under load or in unsupported openings. Average crushing
strength for serpentine (Birch et al. 1942) indicates that the material
would have quite sufficient strength howe/er for a rock fill damwall 500
feet high. If the rock were used for crushed aggregate a high proportion
of fine and flaky minerals would result. Serptentine is also suspect as
a deleterious mineral in concrete aggregate and the possibility of reaction
with cement should be tested before use.

68370003 

Location On the right bank in the saddle between the damsites.

Petrographic name Melabasalt.

Petrography A dark grey, medium-grained compact rock cut by thin branch-
ing black veinlets. It consists of augite (40-450), plagioclase (calcic
labradorite, 30%) and olivine (25-34) with minor amounts of chromite
Scattered throughout^The rock is-generally fresh: plagioclase is mildly
sericitised and the augite grains show some alteration to actinolite;
many are clouded with granules of opaque minerals- The olivine grains_
on the other hand are extensively altered to serpentine and opaque miner-
als. This alteration has a chain-like structure and appears on the surface
as thin branching veins.

Engineering properties The rock is fresh and boundaries between grains,
although smooth, appear to be strong. The serpentine is not present in
sufficient quantities to cause weakness but care should be taken if the
rock appears to be heavily veined. The serpentine may be deleterious if
the rock is used as concrete aggregate and the rock should be tested for
reactivity before use.
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68370004

Location A floater in the river below the upper damsite.
Petrographic name: Anorthite gabbro.
Petrography A dark-coloured coarse-grained, dense rock with radiating
aggregates of fibrous ferromagnesian minerals and large clear plagioclase
crystals. The mineralogy is simple: plagioclase (bytownite-anorthite,
65-70%) and relict hypersthene grains surrounded by, or completely re-
placed by, tremolite-actinolite (30-35%). The plagioclase grains are
generally fresh with only minor sericitisation although boundaries bet-
ween adjacent plagioclase grains may show alteration to actinolite. The
actinolite aggregates are fresh with minor patchy alteration to chorite.

Engineering properties The fibrous aggregate are enclosed in a strong
interlocking framework of plagioclase crystals and would not constitute a
weakness. The rock as represented by this suds would be sufficiently .

strong under lead or in unsupported openings if found in sound outcrop.
If crushed for aggregate there may be an unsatisfactory amount of fines
or flaky material but no deleterious reaction would be expected with
cement.

Reference.

Birch, F., Schairer, J.F., and Spicer, H.C. 1942. Handbook of physical
constants Spe. rap. geol. Soc. Amer. 36.
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