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During the priod September to December 19'70 the BureWl of 

l'linero.l H.GS ources ca.rry out B.l1 e;cpel'tirl1sJ:ltal airborne 

-' , Vi L"i.i.C; Ll (.l.l"e 

imlcc8i:3siole to co;w8~1l;ion8..l seL1mic land operations. The SU,Tvey 1,·J:LJ.l be 

principally a refraction survey, hm-J8ver tests Hill be cczlTieo. out using 

reflection techniques. 

A helicopter Hill be used to place explosives, shooting 

equipment anC1 geophones connected to s()Dobuoy transmitters into position 

aircraft flying over the seislTJic field set-up at the time of each. shot. 

The proposed survey is planned to eVcllua te the airborne seismic 

technique and to provide regional information to resolve differing 

interpretaGiol1.G from aeromagnet~_c and helicopter g!','wity surveys over the 

basin. 

Preliminary investigations indicJ.ced that tile airborne seL:;;'aic 

technique is practicable anJ. Hould be operationally fSQ3ible for use ia 

the S1,-lamp areas of the Northern l'Je", Guinea Basin. 
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1. mTHODUCTION 

'.Lbe Bol·I.R. propo;5es tu carry out an e:-::perimental airborne seismic 

, 
survey cJ.ll('l 

December 1970~ The survey area is loccited in the T.P.N.G. Permit to Explore 

P/;.1 held jointly by the Continental Oil Co, of Australia Ltd. (the OperiYGOr) 

and He'\-! Guinea Cities Service Inc. 

The Sepik-TIamu Plains lie inland roughly east-Hest along northern 

NeH Guinea, bet1,.Jeen the Central Highlands forminG the backbone of the iGhnd 

and the Coc:tstal Ranges. '.rhe Central Highlands ir..clude 'c118 B:i.sili::,rc~c, 

Schrader and Central R3.nges as Hell as high-altitude inter-montane valleys. 

The term "Coastal Ranges il covers the area north of the Sepik, including the 

Toricelli-Prince Alexander Eountains and the area east of the Ramu, includili.g 

the Adelbert J;lountains. 

The Sepik-Ramu P:.ains include both the actual sHamp-lands and the 

·low hills that rise irregularly from them. They are drained by many highly 

convolute channels, the larger of Hhich run betHeen levees slightly above the 

general SHamp level. The l~lean elevation of the Sl~amp is only aboue 15 If:(;tres; 

at Pagui, 320 kilometr3s up rive;' fro['1 the sea, the elevation of the Sepik 

River is only 12 metres. 101,./ hills, the remnants of Cl drm·;nE:,Q topogri3.pb.y, 

together Hith the river levees form the only dry ground in the sl·mmp regio~l 

and so are the normal sites for villages. At some places, e.g. south of 

Augoram, large villages have been erected on stilts in the sHClmp. 

Vegetation Hithin the SHaf:1p consists 1::trgely of saGo forest, 

norrrully marshy under foot and formii1g a dense cover broken only by streD.rl:S. 

In the more inundated areas tall grasses predOI:d.nateo The drier areas above 

the general S1,.lamp level are clothed in del13e rain forest, although hills lying 

betl.Jeen the Sepik and Ramu mouths have a cover of Kunai grass 0 

Rainf2.11 in the district is 10;'1, averaging 250 centimetres pCI' 

annum at Ambunti and 210 centimetres at Angoram. ThE'! dry season if-' betH80n 
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June and Augusto Ground mist frequently occurs in the early morning, but 

usually clears by 9 0..1:1. 

Access Hi chin ti1i[:3 area is oy boD. t or helic opter only. '.i'here 

are no roads or airstrips, so rivers and minm' lJatenmys are the only 

practicable routes. On the SepiJ.~ a.nd the le.rgel' tributaries, :jet-boats 

d h J.. 1 1 n, . 230 t ne.. , . b ,., can be use' , "\·1 ils lJ coasta vesse s 01 aOOU1i on$ can reaC(l .'im Llll"Gl. 

lIative traffic, including outboard-powered double canoes,is restricted to 

the slm1-rnovhig Haters of the Sepik and the lakes. iill outb~3.r:l-pm"ered 

barge operating up to Aiorne is the only craft on the Rafllu River. 

Reconnaissance ael'omng11ctic and helicopter gravity surveys have 

been carried out over the entire area of interest. HOvlever the only seismic 

survey in the area Has restricted to traversing near the Sepik and Keram 

Rivers 0 Conventional seismic Hork in the sHampland neal' the rivers is slm.j 

and expensive requiring high effort in moving equipment and supplies and 

clearing seismic lines for cable-laying. 

The airborne seismic survey has been proposed to overcome the 

limitations of conventional seismic work. .It should be able to provide 

rela ti ve ly rapid seismic reconnaiflsance of any area of the SHamp lands • 

Ground to air telemetry is used to transfer the geophone responses 

to the conventional seismic recording equipment mounted in an aircraft flying 

overhead at the time of the sho'c. 

Tests of the proposed airborne seismic recording syster:1 for the 

survey in J'JeH Guinea made by the BoH.R., using available equipment confirm 

the suitability of the proposed equipment for the survey. Further a 

helicopter reconnaissance of the survey area has confirmed the operational 

practicability of the survey. 

\ 
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The. area of the proposed Airborne seismic survey falls entirely 

Hithin the Nell Guinea 1<9bile Belt· (Dm·;, Smit, Bain and Ryburn, 1968); a 

tectonic zone bounded on the south b;y- the lhlStntliall ContinenLul Elocle 

(Plate 5) 0 It \·;as the site of heavy geosynclinal sedimentation throughout 

the rrertiary period, acco:npanied probably by massive contemlJOri:1n80US 

tramlcnrrent faulting, leaving the continental 'oJ_ocl\: a s tn 'ole reV- on of 

shelf sedim(7mtation (Plate 6). R.od (1966) fo11oHS Carey (-1958) in postLllnt-

ing an earlier (?f.lesozoic) phase of activity alonG thefJG fault lines, during 

Ylhich Nel·1 Gu:Lnea !:loved from a position. p2rCtllel to the Q-c.23nslc .. ~~::: co..;,;:;!:. ;:'0 

its present site. 

Thompson (1965) following Osborne (1956) has described this zone 

of thick Tertiary sediments as the Horthern NeH Guinea Basin (Plate 7). 

He suggests that the principnlaxis of deposition lies offshore, but the 

abrupt near-shore bathymetry, including Q plunge to 1800 metres 26 kilometres 

off HeHak (Krause, 1<)65, Plate 1, incorporated in Plate l~(lf tblsreport), 

does not snpport this hypothesiso Carey (1965f COmme1l'tis that the ranges 

north of the SepH:-Ramu zone have_,a baS8P.lent core representing lithe Ibasaltic I 

ocean floor on Hhich the northern sedim:mts Here directly deposited beyond 

the continental shelf of the time, and Hhichhas nOH been thrust up to form 

the cores of fault slices ". Both of these hypotheses may be tested by the 

gre.vity technique, and it is shoHn (VIa tts, 1969) that neither is probable. 

It is also of interest to note that Visser and Hermes (1962, reproduced in 

Harchant, 1968, Plate 26) ShOH the conti.nental rr.:ugln divergIng from the 

continent:=ll shelf near the ~lest Irian-UeH GuiEea border to include the 

The airborn::; Seismic survey in the northern ~1e1rl Guinea Basin Hill be 

carried out in the same area as tne SCJ)ik River Helicopter G.!.'Qvity 

tal;:en from this report. 
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Bisr.1arck Sea Hithin the continental area. ~;:hilst this of course support3 

(or rather does not refute) the axial position for the Northern lieH Guinea 

&sin suggested by Thompson (op. cit.) it does not agree lrlith gra.vity data 

collected on the B.l·I.R. 1968 helicopter cravity survey (Hatts, 196q). 

In det2il, the str'J.tigraphy is ffi2de complex by rapid lithologic 

in tJ..IO areas, sep::1rated bYGlie Ramu-HD.l'kham Fault, <-'. major fault I'Ulming 

north-1,18st froB ne;:l.r U{e (Plate 8). Th.e zone to the (:";ast of this st~ructure 

may be sig11ific.":.llJ.tly different from the rems.inc1er, and has been termed t.he 

Ramu Hi ver Basin by Cont inental Oil Company ge ologis ts. 

Area to the Hest of the RW:1U-l'·brkham FauU ------
The sHamp-c overed Sepik Plains separate the 'l'orl'icelli-Prince 

Alexander J'.lountains from the Central 11anbG to the south. Tbe presence of 

the sHamp prevents any accurate stratigraphic correlcction betvlecn the two 

areas, but a synthesis based on the photogeologic interpretation of Harchant 

(1968) and detailed mapping by DOH et alo (1968) I·Tin be attempted. 

North of the Sepik River, l-li-lrchant has recognised six photo-

geologic units, most of Hhich may be diachronous. A thicl~ sedimentary 
....... 

section is present (Table 1), in Hhich the maximum geo~:;ynclinal devel.opment 

Has reached in the Hiocene. This sequence rests on a basement complex 

exposed in the core of the Torricelli and Prince Alexander Hountainso 

The s outh-He3tern ec1ge of the survey area is cr ossed by the 

Iagaip Fault (Platef3 4., 8) and accordin[; to DOH et al., (1968) this 

represents the boundary betHeen the st3.ble Australian continental block 

to the south and the oceanic crust to the north. The tectonic differenc88 

Here reflected in the region' S ~3e(Um2.ntation, shelf-type sediments being 

laid dmm on the craton Hhilst geosynclinal deposition Has occurring to the 

north. A detailed sLUanary of the strati£!;l"p.phy and history is given in 

Table 2 and PlatE'] 9; hm-Iever, the correlation lrlith the North Sepik data is 

tenuous and VJ£ltts (1969) ai':sumes responsibility for this attempted corrsLlt:LOYJ. 
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Basement south of Jehe Sepik c0'1si2ts mainly of the Ambunti 

Netamorphics, ",hich are largely f,18tasedimcmtary in nal~Ul'e - slate and 

schis t, etc. - o.lthough some complex intrusive ba:iies, noV! amphibolite and 

orthogneiss, are present. The oldest unaltered sedir:;entary rocks are shelf 

deposit,s of Triassic age, the Yuat Shale and 1(o.n3. Volcanics, Hhich are 

described by l'·J:archant (1968) in the Torricelli j-,~ountains appears to be 

lithologic<:J.Uy similJ.r to the Ambunti l·Ietar:lOrphics but with a higher 

proportion of acid plutonics. 

Photogeologic 
unit 

(Narcilant, 1968) 

VI 

I II-V 

II 

I 

Basement complex 

TJiBLE 1 

.Age (appro:;:.) 

Pleistocene 

Plio-Pleis toce~1e 

Pliocene 

Pala.eocene­
J.1iocene 

? 

Lithology 

Sand, gravel 

Sandstone 

Silt, marl, limestone, 
volcanic agglomerate 

GreY1:!acke, limes tone, 
basalt, spilite, tuff 

/l.lllphibolites to 
phylli tes; diorite 

l'hlckness 
(appro:.:. ) 

? 

? 

2000m + 

5000m 

To the south of the Sepik River, sedimentation recommenced in 

the Jurassic after an orogeny tho. t deformed the Triassic deposits. A thick 

sequence (over 2400 metres) of basic volc:.mics ,..;as folloHed in the Upper 

Jurassic by deposition of shalloH narine shales, termed the H:lril and Sitipa 

£hales. These and the lOHer part of the succeeding Salumei Form::1.cion have 

no counterpart in the North Sepik area. 

Full development of the t;Gosynclil18 1:JaS reached in the Cretaceous 

and Eocene periods I-Ih8n the ;38.lut1ei FOI'm:.~tioll, comlis ting of siltstone, 
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greYl.<iilcl;.e, c.ucl limestone, \·ms hill dmm. The upper part of chis unit i:3 

equivalent to the 10v'8r part of ;·iarchant IS Photo-geologic Unit I, Hhich h2,S 

a similar lithology. 

Uplift ann 81'osiun Lool. plcice LllU'i£lg tile Oligocene in G!ie ,)OU;~::l 

Sepik region, Dut deposition of Unit I continued apparently "dthout break 

in t he north. 
, 

During tbe ;,;iocene ,Gut'f,:H::eous sediments He.L'G deposited over a 
.,'" 

"Hide area, being represented by the Pundu2,Uf.l Beds and tbe upper par t of 

Photogeologic Unit 1. At t.he same time emplac8f:l8nt of the I'sramuni Diorite 

and the l~pril UltramClfics occurred. l~.fl:.er this, Ghe, only rocks deposited 

south of the Sepik were Plio-Pleistocene volcll1ics, but shallmJ marine 

sedirJenta tion continued HUh Unit.s II to V in the Toricelli area. 

Imr;lediate.ly Hest of the Ranu-l"larkhaJ;: :Fault is a possible 

equivalent of' the .l.4.pril lJltrafn3.fics, terlned the 1\:Iarufn Basic Belt, an 

e:cbensive zone of b1wic (gabbro) and ultrabasic (dunit8~ pyroxenite, 

serpentiClite) rocks 'vJhich give rise to a major Bouguer anomaly feature o 

Area to the east of the Ramu-Harkham Fault 

At the south-east ofche northern HeH Guinea Basin, inland from 
..... _, 

i<1adang, a thick sequence of Tertiary rocks lies on a basement of Upper 

CretacGOUS and L01.}er Te.rtiary sediments intruded by batboliths, dykes, and 

sills (Continental, 1968). The so-called Ramu River Basin is fault. bounded 

on the south-;"J8St by the Tlamu-Harkham Fault and may be bounded on the north-

east by faulting along the Adelbert Range. 

Corbett (1962) described a very thick 5500 metres sequence of 

IJoHer l'liocene to Pliocene sediments, but the only sys temo. tic mapping of 

tbis sub-basin has been by Continental Oil Company geologists. The follm6ng 

paragraph is take:1 from Continental (1968): 
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"On the eroded basement surface, rest 101<1er l"iiocene reefs, 

shales, sandstones and conglo;nera tes 'lVilich Here folded and faulted in, 

probably IHcldle Hiocene. UppS11 hiocene sandstones and mudstones 'rest 

unconformably on, mainly LOI,]er I':iocene althoughs orne l'·liddle l'·liocene 

sedimenta tion did take place. Tbick Pliocene sediments begin HUh basal 

sands t ones and ~onglon~er;,", te;:; and. pass Llp-,·18.ro. into I!lUUS tones and fine 

sandstones., The relationship of the Pliocene to Upper Miocene varies; 

in some areas cleposi tion HClS continuous and in others there is probably 

onlap of Pliocene on Upper Eiocene. Thick Pleistocene mudstone and 

sandstone \-/ith occasional reef limestones are the youngest fairly 

cons olidC1 ted sediments. The total thickness of sediments is not Immm; 

but over 4090 metres have bee~1 mea~ured on the south flank oJ:' the Adelbert 

R-:mge, the bulk ~of this being marine". 

In that a thick Plio-Pleistocene succession is present, this 

area seems to have a greater affinity \.Ji th the North Sepih: region than 

Hith the geographically closer South Sepiko 

Tectonics 

There is little doubt that the structure of the NeH Guinea I-lobile 
'--.. , 

Belt is dominated by faultin:;, but, opinions differ Hic1ely as to its nature. 

DOH et a1. (1968) have considerable evidence in fClvour of a complex system 

of faults, many of a transcurrent nature. l·'larchr:mt, on the other hand, in 

an interpretstion Hhich he warns may be Gubjective, mail1t&i113 that high-

angled tllrusting, trending 300
0 

to 310°, is the principal structural feature. 

This Hould require a tectonic regime of quite different character from that 

suggested by DN/' s hypotheses. 

Both authors infer the presence of a major fault - the Sepik 

Fault - near the southern ma:cgin of the Sapik Plains 0 On the b<:\sis of a 

straight contact betHOGn the higl1-grade Ambunti Hetar:lOrphics :,.<.ncl the 

unaltered Salur.lei Formotion, DOH et 0.1. propose a fault cLo\-ll1tlu'oHn to the 

south by many tb,ou~~andmetres (Plates S, 11). 
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Marchant, on the other hanel, postulates a fault uptbro\nl to the 

south, (Plate 11) ru .... ll1ing along the southern side of the Sepik Plains. The 

main evidence in this case is the "improbability of completely disposing of 

4600+ m8tl~es of Hio-Pliocene sediments by sir.lple thin..1'1ing and o7erlap :)11 to 
~<; 10"\,, ~ "<'.S 

the baser:i811t in a distance of 30 ~ betHeen their southel'ly outcrol)S in the 

Bongos o.nd Yello':! Hiver areas and the appearance oi' basement ~1ear Ambunti". 

Other geologists (e.g. Krause, 1965) have shol.Jl1 major faults 

running along the Sepik Hiver itself, but of±'E~r no subst'lntial support for 

their hypotheses. 

DO"1 et a1. also postulate north-'.·J0st extensions of m''l.jor fn.ll1ts 

mapped in the Highlands (Plate 8). 

On a preliminary analysis of the available f,!'nvity datu, none of 

the faults mentioned have 0. In9.jor effect on the BOUGuer anof;laly pat.terll. 

HOHever, thE:! Hamu-Harlcham Fault has an 8.ppreciable expression caused by the 

contrastbetueen ultrabasic rocks of the I-iarml Basic Belt and Tertiary 

sediments of the Ramu River Basin. It is probably one of the most important 

faults in HeH Guinea but is geologically poorly-knoun, since its topographic 

expression as a valley has result~d in its being covered i'11th alluvium. THO 

theories on its extent exist: Rod (1966, Figo 3) sh01.Jf3 it turning Hest near 

Armanberg to join 0. supposed Sepilc Fault, Hhilst DOH et a1. (1968) shOvJ it 

continuL1'1g in 0. north-1.·Jest direction to the Bismarck Sea (Plate 8) 0 
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30 PIillVTOUS GEO?hYSICAL DTITL~STIGATIOli!S 

A large area of the Se~d_k-R.81'1U Plaim; is coverer.l by Recenf-, 

sediments. E;xtrapolation from outcrops at the margins of the Plains 

indicates that under the Hecent cover a thick sequence of LmoJer l'U_ocene 

to Pliocene sediments lies on a b~\Sement of Upper Cretaceous and 1ovlor 

Tertiary sediments. Hm'Jever the total thiclmer3s of these sediments 

throughout the area is unlmovill. 

Regional geoph~Ysici1l surveys carried out to determine the 

thickness of sediments o.11c1 strncture in the Northern NeH Gl1.ineR Basin vlere 

a helicopter'gre.vity survey by the :S.l',i • .l:t. (Hatts, 1969), and aerc:r£l.gnetic 

surveys by Australian Aquitaine (Aquitaine 1967), and Cont:i.nental Oil Co. 

(Continental, 1969). A reconnaissance seismic survey mainly in the vicinity 

of the Sepik anet'" Keram rivers Has conducted by Continental in 1969. 

Gr 2.. V ity 

The B.H.R. helicopter gravity survey in 1968 (Hatts, 1969) 

covered a much larger area (Plate 10) than vJill be covered in the airborne 

seismic survey. The six principal Bouguer anomalies that vJere revealed in 

the area of interest, are: 

(A) Adelbert Gravity High (Plate 1O, Feature A) 

(B) Hamu Gravity LoVl (Plate 1O, Feature B) 

(C) Potter Gravity LOH (Plate 1O, Feature C) 

(D) Harum Gr[wity High (PIa te 10, Feature D) 

( E) NeH Guinea Coast2.l Gradient (Pl3.te 10, Feature E) 

(F) Hadang Gravity Lev! (Plate 1O, Feature F) 

The folloHing is a brief mscription of each of these features. 

A The Adelbert Gravity High is ::l residual high of 10-15 mGal amplitude. 

It correL.:tes vlith the basement high mQPped by Continental geologists 

(Continent3.1 196[\) to the north,'18st of Lo.dang. 



B The HalTIU GrClvity Lm,1 hat; c 1088 areal correspondence to the 'l'ertiary 

Ramu River Basino It has an amplitude of 70-90 f!!gal and a nalf-Hidth 

of 4.8 kilometres 1.-]ith Us axis trending north-1J8st, parallel to that 01' . , 

separates the RGlYIU Gravity Lm·] from the Harun Gravity High and marks ttY.:) 

extension of the RaI~lu-Harlch8.m fault. R.esidual Bouguer anom~lly profiles 

SlA.ggest that a fault may also bound the basin on the rwrUl-easL, sepurabing 

it from the Adelbert Range. 

C The Potter Gravity I..oH is a nortb-south trending 10\.] of about 25 mgal 

amplitude. This low may represent an off-shoot or extension ofG~i.e main 

Ramu River Basin. 

D The Harum Gravity High, although of -90 mgal amplitude, is a 1'8 la tive 

Bouguer anomaly high. It corresponds closely to the gabbroie phase of' 

the l':Iarum Basic Belt but not to the ultrabasic part of the mapp3d outcrop. 

E The NeH Guinea Coastal r::raclient is the domil13.nt feature of the Bouguer 

anomaly map, Bouguer anomaly values varying from about -80 mgal in the 

Central Highlands to +1.30 meal on Kairiru Island, near HeHak. This 

gradient is alr.1Gst eerte.inly caused by thinning of' the continental crust 

tOHards the continental shelf, HUh the denser oceanic crust coming 

closer to the su·rface. This fact as \.Jell as evLlence from marine gravity 

data (U.S.S. Shoup) and refraction seismic data (B.H.R., 1969), suggests 

that the Bismarck Sea is underlain throughout by typical oceanic crust. 

This contradicts the idea of Visser and Hermes (1962) th.:J.t the Bismarck 

Sea is an extension of the continental area. At the same time it casts 

doubt on the suggestion of Thompson (1965) that the major part of the 

Noi'thern NeH Guinea Basin lies offshore. 

F ·The Nadang Gravity LOI·'. Near Badnng the Bouguer anolThlly values decrease 

rapidly to -11,Omgal at the top bf the continent.al slope. ("1 ,.. • ;..) ur I '::1. C e mar l1l8 

do.t3. shoHthis feature to be a closed roug~lly circular relative Bouguer 
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The maximum depth appeQrs to be 7 Idlometres i.e. 1."ell above the Hoho. 

In a PQper d8livereclat the .Ap.r~jl. conference in harch 1969 ,I, Harrison 

at least 4800 metres of sediments, north of the Finisterres. It seeE1S 

highly likely that the l·Iadang Gravity Lovl represents the marine 

extension of this basin. 

Aerom'jp;netic 

Sepik Aeromagnetic Survey (Ausijral:l.i3n Aquitaine i 196'7) 

This su.rvey was restricted to the area north l'l'om the: Sepik River 

to the coast and to the Hest of \:!eJ..Jak. Hagnetic basemen t depth contours 

derived from magnetic and geological information are indicated on Plate 12. 

Interpreta tion of the magnetic results from the area between the 

Central Highlands and the Coo.stal Hanges indicated 3. basin in ",hich the depth 

of sediments is considered to exceed 6100 metres. The northern flank of the 

basin is marked by 1I!hat appear to be foothills of the Coastal Ro.nge. These 

seem to be surface anticlines. 

Another basin Has outlined,north of the Coastal tLqnges in the 

Arnold River area, "lith more than 3000 metres of sediments. Aeromagnetic 

evidence suggests that the basin extends off-shore, but this is not Sllppo.l'tE::d 

by gravity evidence (Hatts, 1969)0 

The Ebrnu River Sub-bs.sin Has OLltlinecl. The magnetic basement 

depth contour map (Plate 13) indicates a mF~jor character change east-\'18S't 

across a line along the north-south 1011101' reaches of the Ramu River. East 

of the Ibmu Hiver the basin trends nOl~th.-'vjest. It has a maximum depth of 

4000 metres and .is disturbed by predominantly north-south faulting. 

Hest of the thmu River, the magnetic basement depth estirrBtes 

vary from 460 metres to 3'700 metres. A number of north-'vI8Gt trending 

structural features are evident in thi,) 2rea. 



12. 

,-,.- ,-.._ '11.._ 
.l .... ..;oJ ... ~J_Uu 

'fhe structure of the l']orthern NevI Guinea Basin 3.ppears different 

from tb_e gravity amI magnetic vie~/p0i1i~i:J. Tt18 major axis or the otli:>.Ln 
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Althonr.;h in fair agreement, particularly in the south-east, the 

interpretations differ someHhat in t,he central p3.rt of the basin between 

the Sepik and the Pv-:.f.lU Rivers 0 

The major differences are as fo110Hs: 

1. The magnetic results indicate a thick sedimentary section, \-lith magnetic 
4·oco rncf~-cs; 

basement depth up to -4--ki1029troc, \;t.ic!:i is hm.J8ver not coinc:,uGr.t"ith the 
~, -. .- - c....-c;-~.., ",. 

• I ~ ___ ,_ ...... v -'----: _ 

main gravity feo.tLU"e \.Jhich indicates a sedimentary section of -4---.-:3-§---.-Si--k-i-l-0ffle--t-res. 

2. The gravity results indicate the Potter Gravity LO\-1 '</hich may represent a 

northern off-shoot of the deep Ramu River Basin. The magnetic results do not 

confirm this suggestion. Conversely, in the tidal inlet SHamp area to the 

v]est of the mouth of the Sepik River, magnetic basement -~s indicated at 1.5-

2.0 kilometres Hhereas the gravity results do not indicate a thick sedir.:entary 

section. 

J. The gravity results suggest that the TIamu-l'·farkham fault zone trends nort.il-

Hest, Vlhereas the aeromagnetic re-sults give no indication of an extension of 

the fault zone into the basin. 

Seismi,£ 

Two seismic surveys have been carried out in the Northern NeH Guinea 

Basin. The l";aprik Seismic and Gravity Survey (Aquitaine, 1969) Has limited to 

several traverses near the Sepik River betHeen Ambunti and Eaprik. The only 

seismic \.Jork in t.he Sepik Plains area, the l·ladang Seismic Su.rvey, Has completed 

in 1969 (Continental 1970). 

Madang, Seisr.dc Survey (Continental, 1970) 

The seismic traverses Here located on structures inferred from 

Continental1s 1965 aeromagnetic sllrve~T (Co:;.tinental, 196<)) and the B.LIt. 

1968 helicopter g~"avity survey (Hatts, 1969) 0 

l 
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The tr2.verse locations indic;3.ted on Plate 1, Here: 

1. Josephstaal area 

Lines 1 and 2 vIere shot near Josephs taal in the footbilh.1 of t(18 

Adelbert rt.clnge to lnvestigate a hu·ge anticline mapped from surface geology. 

2. Senik River area 

Lines 4 and 9 Here shot paranel to and close to theSepik River 

bet"Heen Angoram and HeH Bien. The coverage included 2~. kilometres of 6-folU 

C.D.Po on land and 140 kilometres single coverage shot in the Sepik River. 

Line 9, shot to investigate a postulated magnetic basement rldge 

H8S t.he only profile allm.Jing direct cc)I'rel?tion i·lit.h surface 6c:J10,;;;- "mel 

j·Iarienberg Hell no. 1 Has near to the Ene. The r'2sults indicatGd i SOO !r.8trcs 

of Tertiary sediments above basement. This Has confirmed by refraction Hork 

Hhich indlcated 'a good velocity contrast bet\'leen sediments and basement 1..e. 

1.8-2.1 kilometres/second and 5.2 Idlometres/second, indicating that the 

refraction method could prove to be the most useful tool to delineate baf:lcment 

in the area. 

30 I~eramRiver o.ro::a 

Lines 5, 6, 10 and 11,-.. mainly 6-fold C.D.P., Here shot to investigate 

a number of possible north-Hest trending structural highs interpreted frcm the 

aeromagnetic results. 

The seismic reflection results, Hhich Here of fair to poor quality, 

did not delineate structural highs in tho:: pb.ins are8.. The Josephsta21 

anticline itiaS hmvever confirmed at depth. 

Limitations of Conven[jional ,seismic Operations 

The Hadang Seisi:d.c Survey Has c onfincd mainly to the SepH:: and 

Keram River area \-Jhere the creitl Hnd equipment Here transported by boat. The 

creH Has airlifted at great expense to J·osephsto.al to survey the surface 

anticline. The traverses sl1rvf2ycd cover a very small part of the Northern 

NeVI Guinea Basin o The area in the centre of the basin beh/een the Rc'lmu etnel 

Sepik Rivers is seisnd.cally unknm.Jl1. 



The Ramu River is not nn.vigahle from the sea thus all sei~;mic 

ec;uipment \'lOuld have to be airlifted. by helicopter iT!to the area tbgetfler 

Hith supplies and caI:lping equipment. There are no landing-strips h1 the 

ron'!':llTIplands of the Sepik and }:.r'J.mu Plains. Boats and l1elicopters HOUJ.ri. oe 

required for transport during traversing. 

If rivers close to a survey are ai"e navigilble, seismic traversing 

is not too difficult and costs rr.ny be mcdera te 0 Hm.Je'Jer, at some dist.ance 

from a navigable river the c1i1'i'tculties and cost of HaLl(ing-in of a sei[1!nic 

creH and equipment are prohibitive r:ninly because of the til!l8 RP.d effort 

required. 

In sHamp-covered areas the problems facing conventional seismic 

Hark are the difficulty of movement and in cut-t'ing seisf:1ic lines for cable-

laying. These areas may be dry for short periods but because of the i-iet it 
.",' 

i[~ often necessary to build bridges over the sHamps to alloH for movement 

of personnel and equipment. L1 many areas there is insufficient timbe!' 

available for tllis purpose and the COGt of importing it is prohibitive. 

The north-H8st tr8nding r:la!?,netic-baS8!:1ent highs (Plate 1.3) 

investigated seismically by Continental. are elongated features and could 
'---.. 

equally ""ell have been profiled at any point on their major axis. HmJ8Ver 

the 10catiol13 of the seismic traverses were determined by the geography of 

the survey area. 

Furthermore, rec ommncla tions he .. ve been made by Continental Oil Co. 

for follOW-Up Hork on these "struct.u.l'al le1:l.ds l: by a IIflo8tinc; seismic survey;! 

on the lakes and rivers betHeen the Sepik and Eeram Rivers. 

In vie"" of these limitations, the proposed airborne seismic sw.'vey 

method could be a relatively cheap regional recoimaissance survey tecb.l1iCJ.ue 

for seiSr:Jic invef3 tigation of the Sepik-RaJi1u Plains area 0 The method ;1::lY also 

be developed in the future to provide detEd.led seismic profiling of str:..:.ctures 

in areas inaccessible to conventio:1al S8lsmlC surveyso 
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40 PRE-SURVEY IlWESTIGATIONS . 

.9.,w'ations 

A helicopter reconnaissance tour of proposed Sl.1.rY8~,r loC!e.tir:ms 

in the Northern New Guinea Basin Has made by two B.M.R. geophysicists 

directly concerned with geophysical investigations in the area and with 

the airborne seismic method. They concluded that the proposed a5 .. rb0rne 

seismic method could be used advantageously in most locations visitedo 

The swamp vegetation is basically of three types: the very 

wet, often extensive grasslands, the sago palm svlamp,with SI1k"l.11 and large 

clearings~ and the relatively dry kunai grass patches on ridge3 rising 

from the swamp plains. 

The grasslands offer the most suitable working areas. A 

helicopter fitted with floats can land there easily, deposit explosives 

in the water or on the ground at shot-points and place sonobuoys and 

geophones (or hydrophones) along a straight line for both refraction and 

reflection profiling. 

In the sago svJamp, it will be necessary for the helicopter to 

land in the large clearings or hover above smaller clearings whilst 

sonobuoys, detectors, and explosives are lowered into position. The 

Bell GB31 helicopter used for the reconnaissance was somewhat underpo~~red, 

however the helicopter recommended for the survey will be a Bell Jet-ranger 

which the pilot on the reconnaissance was confident had the necessary 

performance 0 

Clearings in the sago SHamp, and kunaipatches where they occur, 

are irregularly distributed, so that in these tHO areas the detector 

positions probably will have to deviate from a straight line 0 For 

refraction work, depth and dip \.Jill be determined by reverse shooting and 

applying time-term analysiso 

Normal seismic geophones, marsh geophones, or hydrophones will 

be used, dependent on the terrain. 
" 
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The aircraft to be used on the survey will be theB.N.R. 

DC3, VH-l'lIN and a chartered Jetranger helicopter. Originally it was 

recommended that a Piaggio aircraft should be chartered for the survey_ 

This aircraft is smaller than the DC3 and could have used airstrips 

closer to the survey traverse loc:::.tions o For the major part of the 

survey operations Doth the helicopter and a Piaggio aircraft could 

have been centred on the same base (at Angoram)0 Use of the DC3. limits 
, . 

operations of this aircraft to larger airstrips, at Nadang and possibly 

Wewak thereby presenting an operational communications problemo 

One Jetranger waS chosen in preference to t\oJo Bell GB31s. The 

latter each have only 136 kilograms carrying capacity whereas the Jet-

range~ has 450 kilograms. The Jetranger is much faster, cruising at 

145 kilometres/hour, compared to 80 kilometres/hour for the GB31. Further-

more it has a greater hovering ability. 

Navigating and surveying will be done using aerial photographso 

The shotpoints and detector stations vull be located and identified on the 

photos. Shotpoint positions may be 400 metres out relative to true latitude 

and longitude, however shotpoint_,to geophone distances scaled from aerial 

photos are considered accurate to about 6 metres. This accuracy is 

considered sufficient for the purpose of the reconnaissance survey. To 

check positioning the DC3 vlill photograph the field set-up after coloured 

plastic strips have been placed at the shotpoints and recording stations. 

The almost uniform level of the sVTamplands (the elevation of 

the Sepik river is only 12 metres 320 kilometres upriver from the sea) 

means that accurate levels are not required in the s\.Jamp. If kunai patches 

on ridges are used elevation differences may be estimated or measured using 

microbarometers as on helicopter gravity surveys. 

Procedures for the fiehl operations ha.ve been planned. Although 

it may be necessary to modify these procedures in the field they vIill be 

essentially as follovlS: 
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(1) The helicopter will load geophones, detonators, sonobuoys, shooter 

and navigator on board. 

,(2) It will proceed to the traverse area. 

(,3) The shooter and navigator will layout sonobuoys and geophones, the 

navigator Hill also identify geophone locations on aerial photographs. 

(4) The shooter with detonators will be depositeci at the shot point, Hhich 

will be identified by the navigator and pricked on the photographo 

(5) The helicopter with navigator ,all return to base to pick up explosives, 

the loading being done with help from base personnel. 

(6) The loaded helicopter vlith navigator will return to the shot point. 

(7) On arrival of the helicopter at the shot-point, the observer at the 

base will be advised and the recording aeroplane will take offo 

(8) The explosives will be unloaded and placed in position. 

(9) The helicopter with shooter and navigator '.Jill retire to a safe 

position. 

(10) The aeroplane will arrive overheado' 

(11) The shot will be detonated, and recorded in the plane. 

(12) The plane will then return t,~ base o 

(13a) The helicopter Will take the shooter and navigator to recover 

sonobuoys and geophones. 

(13b) Alternatively it will transport the shooter to new shot point. 

(14) If (13a) operations v~ll be repeated from (3). 

If (13b) the helicopter will return to base to pick up more explosives 

and operations will be repeated from (6)0 

Safety will be of paramount importance in a survey of this type. 

All D.C .Ao safety regulations for aircraft flying in Nevi Guinea will be 

strictly observed. Safety precautions concerning the use of explosives on 

seismic parties will be observed as usual. In addition, where it is 

necessary to leave the seismic shooter at the shotpoint while the helieopter 

returns to base for more explosives, the shooter ,.Jill be equipped with a 
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radio, flare pistol and rubber dingy and life jacket if these are necessary. 

The airborne seismic operations 'Hill be simpler in many respects 

than conventional land seismic operations o It is specifically envisaged for 

reconnaissance, not detailed 1tlOrk o A very small staff (7) is envisaged 

compared with the normal large staff together with approx. 300 native 

labourers for conventional operations in the area. No special. camps will 

be set up, since the,airborne operations will be based on populat,ed areas 

with accommodation and other facilities o No drilling of shot holes will 

be done; surface shots will be used, ho,~ver charges will be placed in 

water wherever possible 0 Surveying of' shot hole and detector locat.:i.ons 

will be limited to identification of the locations on aerial photog:r.aphs", 

The need for man-handling equipment, laborious line-cutting and the 

limitations of connecting detectors, by cable to the recording equipment 

on the ground will be obviated by using the airborne method Q The field 

set-up is not limited by fixed distances between detector positions on 

detector cables as in conventional operations thus detectors may be placed 

in any position and at any distance apart dependent on local conditions. 

The airborne seismic method is envisaged baSically for reconnaiss-

ance seismic refraction work and not for seismic reflection profiling. It 

would be impracticable to use large detector and shot"hole arrays or C.D.P. 

methods, to improve the quality of reflection events, therefore reflection 

profiling will be attempted only with simple field techniques. 

Equipment 

A list of the equipment to be used for the airborne survey is given 

in Appendix 1 and a block diagram of the recording equipment is shown 

(Plate 14). 

A series of equipment tests was made bet\.reen June 1969 and April 

1970~ They included operational tests of individual components of the 

system as ~ll as of the integrated systemo A detailed account of these 

tests is given by Jones and Moss, 1970 0 A summary of the tests is given 

below: 
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Ground Tests Initial tests were made with sonobuoys and receivers on 

the groundo The quality and range of signal reception, and the channel 

separation of several receivers connected to the same receiving antenna 

were tested and found to be satisfactory. 

Ground to Air Tests These tests were carried out using B.B.R.'s DC3 

VH-MI11. The opti.rnwn h8ight for seisiT..ic signal receptioL! waS found~o 08 

1200 metres o The seismic signal ,.,ras received satisfactorily up t.o 32 

kilometres from the sonobuoy location. Time breaks, transmitted using 

f.m., V.H.Fo radio were recorded at distances up to 40 kilometreso 

Several off-end shots were fired into a line of four geophone 

groups each connected to sonobuoys. Recordings \-lere made in VH-MIN, which 

flew overhead at the time of each shot. 

Comparison Tests These tests were made using both the airborne recording 

system and a conventional recording system on the ground with cable 

connected geophones alongside geophones connected to sonobuoyso No aircraft 

,.,ras available at the time thus the airborne seismic recording equipment was 

placed on a hill 800 metres from the sonobuoys. Comparable resul"t.s were 

obtained from the t,.,ro recording systems 0 

Limitations of Tests The scope of the tests was limited by lack of 

equipment, the requiremen"t. to modify equipment and aircraft availability. 

Sonobuoys operating on only four different freqlencies were available 

whereas the proposed fully operational system will use ten sonobuoy channels. 

Modifications to the equipment were necessary before and during 

the test series. In particular the OJ:1~y available sonobuoys were of a 

marine type, requiring changes to their frequency response and sensitivity. 

The sonobuoys to be used on the survey are a type specially designed for 

land seismic work. 

VH-MIN. vIaS unavailable after the initial ground to air tests and 

it was not practical to use another aircraft for this purpose~ 



Conclusions on Equipment Tests Despite the limitations on testing with 

equipment available at the time, it was concluded that the airborne seismic 

recording method is practicable o 

.. ",­
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The major purpose of the experimental airborne seismic survey will 

be to establish a practical method for application to reconnaissance or detailed 

seismic exploration of s\"amp, jungle and other areas \.mich are inaccessible 

for conventional seismic operations, but are otherwise of interest in the sea.rch 

for petroleum in HeH Guinea and elscwncre o 

A further objectiv~ ar the survey will be to provide information, by 
J. 

seismic methods, on the thickness~J and structure within the Northern New Guinea 
( 

Basin, in a number of areas where there is a lack of geological informationo 

It should also assist in resolving problems which have arisen out of the 

interpretation of aeromagn~tic and gravity reconnaissance survey data previously 

obtained in the basin. 

To achieve these objectives, seismic refraction/reflection traverses 

will be located in the fo:l.loHing areas, (Plate 1): 

10 MQdang Gravity Lowo EqUipment and supplies for the survey vull be shipped 

to Madango Tests of the equipment and operational systems will be carried out 

in the coastal S\.JaIllp region north of Madang, over the Madang Gravity Low. All 

transport, equipment and personnel will be based in l'1adang for these systems 

tests. Information on the thickness of sediments on the gravity low will be 

obtained from the seismic resultso 

20 Sepik River Area Near Angoramo It is proposed to shoot a refraction probe 

along a line (Line 4) shot by conventional land seismic techniques in the 

swamps near the Sepik Rivero A direct (;omparison between the results of the 

airborne seismic and conventional work. will be obtainedo For this vlork the 

helicopter, and line personnel will be based closeby at Angoram, wilst VH-HIN. 

with the recording equipment and observing personnel will be based at Madango 

It will be possible to establish an operationally satisfactory, communications 

system bet\"een the tHO operational teams Hhen the helicopter is operating only 

a short distance from its base. 
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30 Potter Gravity L01<1. A regional traverse Hill be shot ill the s\oJrunps over 

the gravity low and continued to the south-west to determine if the Rarnu­

Markham F:aul t Zone, as indica ted by the gravity interpretation doe s, in fact, 

extend to the north-\.,resto 

40 &mu-Sogeram River Areao A traverse will be shot to confirm the thickness 

of the sedimentary section. It is proposed that the traverse will '!;~ extended 

to the south-west to obtain seismic information on the nature of the Ramu-

Markham Fault Zone in this area. 

50 Hest of the Houth of the Sepik River. A short probe Hill be shot in the 

tidal inlet sHamp area to the Hest of the mouth of the Sepik River to determine 

the thickness of sediments in this areao 

Although unlikely, a further probe may be located in the follOi.Jing 

area if time permits. 

6. Bongos Ar~o A surface anticline in this area could be investigated using 

the airborne seismic method. The area is very rugged thus conventional seismic 

work is difficult because of access problems and problems of geophone emplace­

ment due to restrictions imposed by the fixed lengths of geophone cableso 

The principal seismic method to be used will be the seismic refraction 
.-...... -

methodo Traverses will be kept as straight as possible, dependent on the local 

conditions, to facilitate the interpretation of refraction results. However, 

if necessary, the detectors may be randomly distributed. A. number of shots 

from different locations would be recorded with the position of the detectors 

unchangedo The results of recording in this manner would be analysed using a 

method of time-term analysis (Hilmore and Bancroft, 1960). 

The proposed airborne seismic method to be used in this survey is not 

conSidered suitable for detailed continuous reflection profilingo Excessive 

effort would be required to lay shot and detector patterns for Single, and 

multiple-coverage C.D.P. work. Howev~r, some reflection work will be carried 

out on the l~efraction 'traverses principally to test Hhether a simple reflection 

technique can yield useful results in the sHamplands of the Sepik-Ramu Plains 0 
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T.he survey is expected to be of approximately 12 weelcs duration. 

Although the detailed progr~me cannot be determined until preliminary results 

are obtained, the tentative timetable will be as follol,.JS: 

1. Madang Gravity Lo\ol: 1 i-reek. 

2. Sepik River area near Angoram: 1 week. 

30· Potter Gravity Lm·!: 4 \o.'gelcs. 

4. Ramu-Sogeram River Area: 4 l,.!eeks 0 

50 West of the mouth of the Sepik River: 1 weeko 

6. Bongos Area: 1 week. 
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APPENDIX 1 

LIST OF EQuIPHENT 

VH-HIN DC) AIRCRAFT (Plate 14) 

Magnetic Recorder 

F.M. Receivers 

Oscillograph Camera 

Seismic Amplifiers 

AMPEX F.R. 1300 - 14 Channel 

R-316B/ARR-26 (1U) 

S. I.E. VRo-6D 

ToL 8000 

Photographic Camera ~ f24 - for Aerial Photography 

Radio Receivers 

Power Inverters 

.. ' 

BELL JETRANGER HELICOPI'ER 

Radio Receivers 

Shot-Box 

GROUND 

Sonobuoys 

Geophones 

Hydrophones 

ADDITIONAL EQUIPHENT 

Gravimeter 

Microbarometers 

Wet and dry bulb 

hygrometer 

Base Radio 

Transceivers 

Pye FM 10D - for ToB. transmission. 

Traeger TN3 - for communication w:i.t.h b8.se 

28V - 115V, 50 Hz 

28V - 115V, 400 Hz 

28V - 12V D.C. 

Sorens'en 

Rotary Inverter (2) 

BoM.R. model 

. Pye FH 10D - for T .B. transmission 

Traeger TM3 - for communication 

Ele~tro-tech. BC8-A (2) 

Aquatronics SM 42-4 (33) 

Mark Products Marsh Type M-10, 10 Hz (60) 

Hall-Sears, HS~, 14 Hz (120) 

Aquatronics (35) 

Master i-Iordeyn No. 548 

Mechanism Type M1991/A (2) 

Mason's type 

: Traeger TN3 for communication (2) 
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APPENDI~ 

ADDITI,ONAL GEOPH1'SICAL PROJECTS 

Gravity 

Watts, 1969,· carried out a helicopter gravity survey in the 

Sepik-Ramu area of Nevr Guineao The density of observations was an 

average of one per 15 square miles o During the airborne seismic survey, 

it is proposed to increase the density of observations in the seismic 

traverse locations by taking gravity readings at as many shot point 

and geophone stations as possible o 

The readings will be made by the seismic party personr~l uSing 

the helicopter, v1hich is attached to the party, for transporto The basic 

loop procedU!e .of normal helicopter gravity surveys will be usedo 

Deep Crustal Seismic 

The proposed seismic traverse locations lie in a zone ringed by 

LAE, GOROKA, \.JABAG and HANAM ISLAND, the locations of observatory seismic 

outstations (Plate 15)0 During the course of the airborne seismic survey 

additional temporary observatory seismic outstations will be located at 

MADANG and WEVlAK. 

A- cooperative attempt will be made by the observatory and seismic 

groups to obtain deep crustal information from the largest refraction 

seismic shots in each traverse area in the Northern NevI Guinea Basino The 

maximwn explosive charges for the Itsedimentary basin" seismic vrork, Hhich 

may be of the order of 1000 kilograms, may be sufficient. However special 

shots involving larger charges could be detonated at each of the traverse 

. locations if preliminary results indicate that this WJuld be worthwhile o 

This work will require a minimum amount of additional effort 

and may yield valuable crustal information in the area. In particular, it 

may assist in delineating the extension of the Ramu-Markham fault and may 

provide information on the extent of this faulting in the deeper parts of 

the crusto 
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