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StmM1\RY 

A de.tai1ed gravity survey was done on three main 
traverses across the Markham River Valley, PNG, by the 
Engineering Geophysics Group of BMR as part of the program 
of evaluation of the Markham Valley's groundwater resources 
by the Geological Survey of papua New Guinea. .The objective 
of the survey was to determine the thickness of alluvium in 
the valley. Ana-lysis of the results shows that the river 
sediments may be as much as 1000 metres thick. 
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1. INTRODUCTION 

The Markham River in New Guinea occupies, with its 
tributaries, a valley ,some 12 krn wide which extends 
westwards 140 km from the port of Lae t9 the divide between 
the Markham and Ramu Rivers. Water bores drilled so far 
have failed to reach the base of the alluvium and the 
maximum thickness of the river deposits is expected to be 
greater than 120 me'tres. The nature of the bedrock is also 
uncertain. 

The geological Survey, a part of the Department of 
Lands, Surveys and Mines in PNG is currently evaluating the 
groundwater resources of the Markham valley, and requested 
the Bureau of Mineral Resources (BMR) to carry out a gravity 
survey along three main traverses across the Markham valley 
to determine whether the gravity method could define the 
base of the alluvium in the valley. The field work was 
conducted in July 1972 by a party from the Engineering 
Geophysics Group, consisting of G.R. Pettifer (geophysicist) 
and W.J.C. Pearson (draftsman) from the BMR, and M. Zorroman 
(survey assistant and interpreter) and two field hands from 
the Department of Lands, Surveys and Mines. The assistance 
of G. Jacobson (Geologist) and also the staff of the 
Department of Lands, Survey and Mines survey branch in Lae 
which surveyed the traverses is gratefully acknowledged. 

, 2. GEOLOGY OF THE MARKHAM RIVER VALLEY 

The geology of the Markham Valley 
described by Best (1964), Jacobson (1971), and 
(1970 arid in prep.), and is summarized here. The 
and location of traverses are shown in Plate 1. 

has been 
Grainger 

geology 

The Markham River flows eastward from its 
headwaters on the Ramu/Markham divide at about 360 metres 
above sea level for 140 km along the southern margin of the 
Markham valley to the port of Lae. The width of the valley 
is 5 km wide at its headwaters, 20 km at its widest point 
near the junction of ,the Leron and Markham Rivers, and 
generally averages 12 km. The Markham valley, which is 
bordered by the Saruwaged and Finisterre Ranges to the north 
and the Owen Stan'ley Ranges to the south, forms part of a 
major tectonic rift 20 km wide extending over 300 km and 
incorporating the Ram~ Valley to the west· and a large 
submarine canyon in the Huon Gulf east of Lae. 'The canyon 
extends out into the Solomon Sea, where it eventually jOins 
the New Britain trench. ' . 

bedrock 
valley. 
geology 

The rift is associated wi'th a ma:t;ked change in 
geology between the north and south :of the Markham 
Cross-section A-B (Plate 1) shows the schematic 

to the north. The bedrock to the immediate north of 



the valley' is uniform in character along the· valley and 
consists of moderately folded ,and faulted sandstone and 
conglomerate of 0 the Pl,igcene Leron (Ouba) Formation dipping 
northwards at 20 to 40. Underlying the Pliocene are the 
Lower to Middle Miocene Mena ' Beds, which are clastic 
sediments. The Mena Beds may subcrop ,beneath the Markham 
River Quaternary sediments to form part of the bedrock of 
the valley. North of the Pliocene, the Mena Beds are 
upfaulted, and farther north again the Upper Oligocene to 
Lower MioceI:le Meb\i Beds are upfaulted against 'the Mena Beds. 
The Meb~ Beds consist of clastics and volcanics~ Faulting 
and uplift have exposed increasingly older, formations 
towards the central co~e of the Saruwage'd Ra~ge~ Uplift of 
at least 4000 metres has occurred since the ,'Late Miocene, 
making the Saruwaged Range area one of th.e most tectonically' 
unstable areas in New Guinea. The sediments of the 
Saruwaged and 'Finisterre Range are part of:the, west- to 
northwest-trending sedimentary trough called the Northern 
New Gui"nea Basin which from gravity evidence' (St John, 1967 
and 1970; this report, 'Section 3) contains'up:to l3·km of, 
sediments. Pleistocene glaciation occurred in the ranges to 
the north of the Markham valley, and the valley alluvial 
fill has largely been derived from stream erosion of the 
northern ranges since the Pleistocene. 

The southern margin· of the Markha.,m,' valley is 
sharply faulted; be,drock to the south consists' of a complex 
of Miocene sedimentary rocks, Mesozoic metamorphics, and 
some Tertiary and Mesozoic igneous intrusives. Ends of 
Traverses 1 and 1A cross onto bedrock ·of the Mesozoic Owen 
S,tanley MetamorPhics ,which . consist mainly of schist and 
phyllite.' 

In the region of ,Traverses 2, 2A.,' :and 3 the 
bedrock on the southern margin is predOminantly limestone of 
the Middle to Upper Oligocene Omaura Greywack'e. Tertiary 
granitic intrusives occur south of the va~ley near the 
junction of the Erap and Markham Rivers. The ,'granite is 
bounded to the west by the Wampit Fault, which extends north 
across the Markham valley and along the Erap,~ver. 

Igneous intrusives of Tertiary age, also occur 
southwest of the Umi-Markham river junction and ,may intrude 
the Omaura Greywacke south of Traverse 3. ' 

The position of the actual boundaryb,etween. the 
two types of bedrock which occur north and', south of the 
valley is not known definitely, but it is considered that 
'the faulted southern margin forms the boundary. In this 
case the bedrock'beneath the Quaternary alluvial 'fill of the 
valley is predominantly Pliopene Leron ciFormatbon and 
possibly Miocene'Mena Beds all dipping at 20: t~ 40 to the 
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north. In one place the Markham River flows across the Owen 
Stanley Metamorphics leaving an inlier of metamorphics north 
of the river at Pyramid Hill near Traverse lA (Plate 1). 

The Markham River and its tributaries exhibit 
spectacular examples of stream deposition morphology. 
Rainfall throughout the Markham Valley averages 1600 rom per 
year, but as most of the water percolates into the ground, 
the valley is comparatively dry in places and heavy reliance 
on water bores is necessary. Rainfall in the ranges to the 
north and south of the valley exceeds 2800 rom per year, and 
the volume of water flow down the Markham River is 
considerable. The Markham river bed is up to' 1.5 km wide in 
places and except at flood.time, the river consists of 
several braided channels. The main tributaries of the 
Markham River - the Umi, Maniang, Leron, Rumu and Erap 
Rivers - flow from the northern ranges. Uplift of the 
northern block has caused considerable active alluvial fan 
deposi tion in.· the northern part of the valley,· forcing the 
Markham River to flow against the southern' margin. These 
alluvial fans a·re up to 20 km in radius, in the case of the 
Leron River, and contribute an estimated 80 m thickness of 
piedmont alluvium to the river deposits. Flood plain 
alluvium occurs mainly within 20 km of Lae, in thickness up 
to 40 m. Over 80 boreholes have been drilled'in the valley, 
the deepest being 80 m, but all failed to penetrate bedrock. 
The thickness of river sediments is expected to exceed 120 m 
and could be in the order of 1000 metres (Grainger, in 
prep.). 

3. PREVIOUS GEOPHYSICS 

A previous gravity survey was carried out by the 
University of Tasmania (St John, 1967) around Lae and the 
Markham valley. This survey consisted of isolated road 
traverses and some stations established from helicopters. 
The results of this survey revealed a large gravity gradient 
across the Markham valley fault zone, leading to a -160 mGal 
gravity low associated with a sedimentary trough up to 13 km 
deep to the north. Plate 2 shows the regional gravity field 
contoured from the results of. the present survey and the 
University of Tasmania stations. 

Shallow resistivity depth probing has been 
undertaken in the Markham valley (Wainwright,1966) at Leron 
Plains, near the Erap River, and at the Urni River Bridge, 
and the results· show the river sediments to be at least 
120 m thick. 
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4. SURVEY METHOD 

The survey was carried out using a Worden gravity 
meter (Serial No. l40B) which was calibrated on the Port 
Moresby Calibration range to give a calibration factor of 
0.1019 mGal per scale division. The survey was tied to the 
Lae Isogal station 6791-0177 (value 978 010.79 mGal). ' 

A Toyota Scout double-cab utility was used 
throughout the survey. Traverses were pegged and read 
simultaneously and stations were located along main roads, 
farm and viliage tracks. In places the Markham River could 
be crossed on foot but on Traverses 1 and lA canoes were 
used to cross the river. Considerable time and effort was 
spent in establishing stations across the faulted southern 
margins of the valley. Elevations ranged from 40 to 400 m 
above sea level over the survey area.' ' 

Traverse station spacing varied between 0.3 and 
0.5 km, but where the traverse deviated in a direction 
parallel to the valley, larger spacings of l~ km were 
adopted. Altogether, 190 traverse stations were 
established. In addition C.D.W. benchmarks were located 
along the Highlands highway through the valley, and 22 
benchmarks were occupied. The benchmark stations, previous 
University of Tasmania stations (St John, '1967) and 
Traverse 1A and 2A provided sufficient control to establish 
the trend of the Bouguer anomalies (Plate 2) between the 
main Traverses 1, 2, and 3. 

Station positions were plotted on airphotos in the 
field, with odometer readings as a check. Station locations 
are considered to be accurate to + 100 m. 

The gravity results were reduced to me~n sea level 
using a Bouguer reduction density of 2.0 g/cm. Bouguer 
anomalies were then obtained by correcting mean sea level 
corrected, observed values to the International Ellipsoid. 

5. INTERPRETATION OF GRAVITY RESULTS 

Plate 2 shows the regional gravity gradient across 
the Markham Valley. The detailed plans of Traverses 1 and 
lA, 2 and 2A, and 3 are shown~n Plates 3, 4, and 5. The 
present detailed gravity survey has shown that the gradient 
varies from 1 mGa1 per 150 metres south of 'Kaiapit on 
Traverse 3 (Plate 5) to 1 mGal per 500 metres around the 
Erap River area on Traverse 1 (Plate 3). 
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The large regional gravity gradients (Plate 6) 
mask the gravity effects of the alluvial valley. The 
complexity of the bedrock and the changes in bedrock type 
beneath the valley make it difficult to remove the regional 
gradient from the Bouguer anomaly values. 

A sec6nd derivative technique has been used to 
estimate the maximum depth of ·the small amplitude, short 
wavelength anomalies superimposed on the long wavelength 
regional gradient. It i~ assumed that a density contrast of 
no more than 0.1 g/cm exists between the Pliocene and 
Miocene clastic sediments of the valley bedrock and the 
overlying Quaternary alluvial fill, and that most of the 
high frequency anomalies arise from undulations in the 
bedrock/alluvium boundary. Estimates of maximum' depth to 
the top of the bodies causing the short wavelength (high 
frequency) anomalies are then assumed to give estimates of 
the maximum depth. of the river sediments. 

The method used to estimate the maximum depth is 
based on formulae derived b¥ Smith (1960). The second 
derivative of the observed grav1ty profile is calculated for 
each station, and the absolute value of the derivative gives 
a measure of 'sharpness' of. small high frequency anomalies 
which are superimposed on the regional field. For a given 
density contrast, the higher the value of the second 
derivative the sharper the anomaly and the shallower the 
depth of the causative body. A maximum depth to the top of 
the body causing the anomaly can be calculated' as outlined 
below. 

If A
l

, A
2

, A
3

, A
4

, etc. are Bouguer anomali.es at 
stations 1, 2, 3, 4, etc respectively along a straight 
traverse with station spacing d, then consider three 
functions Dl , D2 , D3 defined as fo"llows: 

Dl = A3 - 2A2 + Al (1) 

D2 · = A4 - 3A3 + 3A2 - Al (2) 

D3 = ~(A3 + A
l

) - A = ~D (3) 
2 1 

It can be shown that 

Dn ~ ~G j'max d (J n (0<:.) - J n <,8) ) (n = 1,.2,3) 

where G gravitational 6.68 x 
-8' 

units = constant = 10 . c.g.s. 

I'max maximum density assumed 
3 = contrast (g/cm ) 
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h = dep~h_to top of causative body 

1 = depth to base of causati vebody: 

I n (O::).~ I n (f3) . are tabulated functions for n = 1, 2, 3 

(Note Jr:(t) ~ 0 as t~ 00 for n = 1, 2i 3) 

If we assume 
. extends to an infinite· 
inequality reduces to 

in the extreme ·case that the body 
depth (i.e.f3 ~ co, J~ (~~O) then the 

In (~) ~ 2 Dn /Gfmaxd (5) 

substituting Dn from field results, minimum values of In(OC) 
are obtained which from published'· tables 'of: In E=c) give 
maximum val.l.les of 0= (i. e. cc ) • 

max 
Using the relation 

h ~ <X::max d [6) 

and the three :values (n = 1,2,3) of ~ax' three separate 
estimates of maximum depth to the top of the body causing 
the anomaly can· be obtained. The three separate cases 
correspond to three different geological situations and in 
each case·· an· extremal body exists which satisfies the 
equality in equation (4). The shape of these extremal 
bodies suggest that the best estimates will be given by the 
case n = 1 for a traverse across a dyke, by the case n = 2 
for a traverse .across the vertical face of a step-like 
structure and by the case n = 3 for a survey of a roughly 
circular boss. 

For the present survey, the method above was 
applied to the Bouguer anomalies at each place where the 
gravity stations were situated in a straight line and the 
spacing was equal. Out of 190 traverse stations, 92 depth 
estimates were made. Plate 7 shows a series o'f plots of 
maximum depth ranges (corresponding to the range of depths 
calculated for the three cases n = 1, 2, 3) :versus station 
number for the five traverses 1, lA, 2, 2A, and 3 and is 
intended to show a schematic cross-section of the valley in 
the area of each traverse and the likely maximum depths of 
shallow-source anomalies. The anomalies that give a narrow 
range of maximum depth estimates are consiqered to be 
genuine anomalies whereas the anomalies th~t' show a large 
scatter in the rapge of maximum depth are considered to be 
the effect of superposition of anomalies with deep and 
shallow sources and therefore not associated with one 
density contrast interface. . 
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The Traverse 1 results indicate a belt of 
anomalies with maximum depths in the range 600-1000 metres 
whereas near Pyramid Hill on Traverse lA, anomalies appear 
to arise from shallower than 500 metres and probably 
shallower than the depth range 100-·300 metres. Moreover, on 
the southern end of Traverse 1 at station 7210/1039 a single 
anomaly of maximum depth 200 metres is traversed. The 
gravity· thus sU9gests a shallowing of bedrock around Pyramid 
Hill and poss1bly to the west, south of Chivasing village. 
Bedrock across the valley in the area of Traverse 1 may be 
as deep as 1000 metres. 

Traverse 2 crosses the Leron Plains, the widest 
part of the Markham valley. In the plot of· the Traverse 2 
results a belt of anomalies originatin9 from depths less 
than the range 400-800 metres is evident. Between stations 
7210/2030 and 7210/2035 a consistent belt of anomalies from 
a very shallow source (less than 100 metres) is present. 
These anomalies may arise from coarse boulder gravels of the 
alluvial outwash fan of the Leron River. Resistivity 
results (Wainwright, 1966) have indicated up to 80 metres of 
coarse gravel in the region of these gravit¥ stations. 
Traverse 2A results show a large scatter of max1mum depths 
with bias toward a band of anomalies with maximum depths 
ranging from 800-1600 metres. The plots of Traverses 2 and 
2A also suggest that around station 7210/2010. near the 
northern margin of the valley the anomalies with shallow 
sources have maximum depths in the range 300-700· metres, and 
that farther south around station 7210/2040 to 7210/2055 
(i.e. near the intersection of Traverses 2 and 2A) the 

maximum depths. are more in the range 500-1000 metres. This 
fact could be evidence for a thickening of the Markham 
valley sediments towards the southern margin of the valley 
in the Leron Plains area. 

The Traverse 3 maximum depth plots show less 
scatter, with all but two anomalies originating from depths 
of less than 1000 metres. There is a bias toward anomalies 
with maximum depths in the range 300-600 metres. 

Certain limitations must be placed on the depth 
estimate3 made in this re~ort. The assumption of 
0.1 g/cm as a maximum dens1ty contrast between Tertiary 
bedrock and Quaternary fluvial sediments has been made in 
the absen~e of any reliable density data~ St ~ohn (1970) 
estimates a density contrast of 0.05 g/cm. If the density 
is halved in equation (5), In(OC) doubles and for the ranges 
of In (~) encountered,. if ·In ex) is doubled:, the maximum 
depths from the published tables (Smith, 1960)· decreases by 
approximately one-third. Then the ma~imum.· depth ranges 
calculated in this report using 0.1 g/cm are. approximately 
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l~ times as great as the maximum depths using g.OS g/cm
3 

as 
a density contrast. In this sense, as 0.1 g/cm is probably 
an over-estimate of the true density contrast then the 
maximum depths calculated are probably over-estimates. It 
is stressed that all values quoted for depth are extremal. 
In one area, near Pyramid Hill, on Traverse lA the bedrock 
is Mesozoic metamorphic ro1k and probably has a density 
contrast higher than 0.1 g/cm with the overlying alluvium. 
In this area the true depth may be larger than. the maximum 
depths quoted. 

6. CONCLUSIONS AND RECOMMENDATIONS 

Estimates of maximum 'depth suggest that in the 
region south of Kaiapit the maximum depth of the river 
sediments is in the range 300-600 metres~ Farther 
downstream in the Leron Plains area, the gravity results 
show maximum depths to bedrock in the range: 300-700 metres 
in the northern margin of the valley, with·indications of 
deepening on the southern Lerons plains to 500-1000 metres. 
Shallow anomalies (depth less than 100 metres) in the 
central Leron Plains may arise from coarse boulder gravels 
from the Leron River alluvial fan. Traverse I gravity 
results suggest that in the region west of the Erap River 
the river sediments may be as thick as 600-1000 metres. 
There are also indications of shallower bedrock around 
Pyramid Hill and south of Chivasing village, but the 
interpretation is complicated by the possible presence of 
Mesozoic metamorphic bedrock. 

The results suggest that the valley bedrock may be 
up to 1000 metres deep, much deeper than present economic 
recovery depths for bore water. It is recommended that one 
or more deep seismic probes be carried out to verify the 
thickness of the valley fill and that further investigation 
then be confined to deep or shallow resistivity surveying in 
specific areas as outlined by future objectives of 
groundwater resource assessment in the Markham. valley. 
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