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sUMMARy 

The 1969 Crustal Investigation of the New Britain and New Ireland 
area was a multidisciplinary venture organized and co-ordinated by the 
Bureau of Mineral Resources and involving the Hawaii Institute of Geophysics, 
the University of Queensland, and the Australian National University. 

The.observed data are assembled in reasonably compact form in 
this Record, the first of a series of reports and papers which will arise 
from the work. The emphasis here is on data collation and not on 
interpretation, which is expected to result from analysis of the information 
presented here. 

Some interpretation has been necessary, for example in presenting 
the geology and bathymetry. The geological features of New Britain and 
New Ireland, dating back no earlier than Eocene, are discussed in outline 
with special emphasis on Quaternary tectonics and volcanism. This outline 
provides an essential setting for any regional interpretation of the 
geophysical data. 

The large bathymetric Variations required preparation of speCial 
photo-reduced composite plates to which the magnetic data were also added. 
The form of a bathymetric trough between New Britain and New Ireland is 
identified clearly for the first time on these plates. 

Seismic travel-time and path-distance data provided in the 
tables are also available as a punched card set together with listing 
and plotting programs. 
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1. INTRODUCTION 

1.1 AIMS OF INVESTIGATI.ON 

In 1967 the Bureau of Mineral Resources (BMR) conducted a 
magnetic and seismic refraction survey in New Britain, observing the 
profiles shown in Plate 1. The preliminary interpretation of the results 
of this survey proved unsatisfactory and it WaS decided that further 
field work was desirable. 

The 1969 survey comprised a multidisciplinary investigation of 
northern and central New Britain, southern New Ireland,and surrounding 
oceanic areas to re-examine the area in more detail and extend the area 
studied during 1967. 

It included four marine/land deep refraction stages, marine 
magnetic and sparker profiling for 1650 km and 2500 km respectively" 
together with a land gravity reconnaissance of New Britain and New Ireland. 

'Fieldwork waS undertaken between February and ,May, and involved 
personnel from both Geological and Geophysical Branches of BMR, the 
Department of the Interior, the Hawaii Institute of Geophysics, the 
Australian National University, and the University of Queensland. 

The refraction program was ,designed to: 

(1) Seek more structural detail beneath the Rabaul caldera. 

(2) Determine the boundary between continental and oceanic type 
structure east of New Ireland. 

(3) Explore the extent and structural form beneath St George's Channel. 

(4) Evaluate velocities and interface depths ,beneath the volcanic, 
o.ceanic, and mountain areas of central and eastern New Britain. 

Shooting and , sparker profiling were conducted {rom the 32 metres 
long survey ship MY 'Coral Queen' and magnetic work was shared with the 
small supply vessel MY 'Lahara·'.' Surveying work was undertaken by the 
Department of the Interior together with a contractor who supplied land 
based 'Hi~,i1r: mobile radio location beacons. 

A total of 18' field recording parties occupied 47 sites and 
observed 54 shots ranging in size from 45 to 750 kg of TNT. Observations 
were also made at six permanent stations of the Rabaul Volcanological 
Observatory's volcanic surveillance network. Refracted events were ' 
recorded beyond 350 km in some instances. Data recovery of 84% included 
about 4000 readable arrivals. 

1.2 SCOPE OF RECORD 

This Record is a repOSitory of observed data from the survey. 
It presents basic geophysical information 9 observations, and results in 
a comprehensive form to provide primary source material for subsequent 
detailed evaluation, interpretation, and structural analysis. 
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A geological reconnaissance map of New Britain and New Ireland 
incorporating the results of the 1969 field season provides an essential 
framework for interpretation of geophysical data. An outline of the 
geology in Chapter 4 interprets the geological history of New Britain and 
New Ireland in the light of the 1969 field data. 

Gravity data are presented in the form of a simple Bouguer 
anomal~ map~. Refraction arrivals are listed in tabular form and some 
preliminary travel time profiles are presented. Plates showing some 
typical field records have also been included. Composite sparker and 
magnetic profiles have been compiled on a common time base. 

1.3 PREVIOUS WORK 

1.3.1 Geological 

Early geological observations in New Ireland by Sapper (1910) 
and in New Britain by Stanley (1923) were followed by broad reconnaissance 
of the geology of New Britain by Noakes (in Fisher & Noakes, 1942). 

Recent field work by Canberra and Port Moresby based geologists 
has been directed primarily towards regional mapping: the Gazelle Peninsula 
of New Britain was mapped by Macnab (1970) at intervals between 1966 and 
1969, Southern New Ireland was reconnoitred . in 1964-65 by French (1966) 
and the 1:250,000 maps covering the whole of New Ireland are being compiled 
by P.D. Hohnenfollowing field work in 1969. 

In both New Britain and New Ireland information of use for map 
compilation has been obtained by mineral and oil exploration companies, 
principally Continental Oil, C.R.A. Exploration, and Swiss Aluminium Mining. 

The geology and volcanology of the Rabaul volcanoes is described 
by Fisher (1939). Summaries of the active volcanoes of New Britain appear 
in Fisher (1957). Recent volcanic-petrological work includes that of 
Lowder & Carmichael (1970) on the volcanoes of the Talasea area, and D.H. Blake 
and others on the Hoskins volcanoes (to be published). 

1.3.2 Geophysical 

A short review of geophysical work in this area prior to 1967 
is being prepared by W.A. Wiebenga and others in a BMR Record describing the 
1967 crustal project. 

Since this project began, additional contributions have appeared. 
Denham (1969) discussed the seismicity of the New GUinea/Solomon Islands 
region from the point of view of distribution of earthquake foci with depth. 
He indicated a northwesterly dipping focal zone beneath New Britain, and 
related his findings to recently conceived hypotheses of 'the new global 
tectonics' expounded by Isacks, Oliver & Sykes (1968) who developed concepts 
proposed by Sykes (1966). 
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Two works on palaeomagnetism also provide useful background 
information. Green &- Pitt (1967) published-a tehtativeinterpretation 
of a small number of palaeomagneticmeasurements ' oh samples collected 
in New Guinea which suggested a change in the pole azimuth since the 
early Tertiary. Manwaring (1971) has provided a little more data tending 
to support these ideas, but many age determinations were doubtful and the 
number of samples was still too small to allow statistically acceptable 
conclusions. However, current feeling is that anticlockwise-'rotation of. 
New Guinea has occurred. Whether ·or not relative movementbetween ' the ' 

-main island of 'New Guinea and New Britain has taken place"remaiIis a 
matter of conjecture at this stage. 

Marine . geophysical work in the Solomon Islands'region by the 
Hawaii . Insti tute of Geophysics was reported .by Furumoto et ' al; ' (:1970) 
and Rose, Woollard & Malahoff (1968). This included sparker -profiling 
as well as magnetic, gravity, and refraction work, but did not overlap 
the areas· covered by the ' 1969 survey. 

" , r 

2. OPERATIONS 

2.1 , PROGRAM 
_ r 

~.:- . 

Tenders were cal~ed for a ship~suitable for use -in' setting 
off explosions at sea in August 1968, and the 'Coral Queen' was accepted 
in January 1969. 

Some 30 sites were v.isited ,in October 1968 to obtain information 
on access, terrain characteristics, 'accommodation', availability ·of fuel, 
power, local transport, and any other factors which would affect the 
operatioil. - . 

Discussions were undertaken with the survey branch of the 
Department of the Interior regarding their requirements for ~ixing the 
posi tion of 'shot-points and recording stations o . , 

With the assistance of the resident geological staff, approaches 
were made to the Papua New Guinea :Administration to help with~marine and 
road transport, ac c oIiuno dati on , communications, and the handling of·stores. 
The feasibility of moving parties and their eqUipment at ·short 'notice· 
was taken up with local air transport companies and with ,Marine Division of 
the Department of Trade & Industry. Firm assurances were obtained on this 
important aspect of the operation. -. 

.. -..: . \ '. 

Frequency allocations for inter-party :comnnmications and · for 
time Signal transmissions were discussed and settled with the Department 
of Posts & Telegraphs~ 

, ) 

Shortly after this information was collected, ' details of .the 
range, capaCity, and speed of the shooting ship became available and it 
was .practicable to settle questions of. eXplosive storage. , and draft an: 
initial shot-firing program. The final operations program (BMR; .1969) · 
was ,prepared ,when the Department of the Interior and Decca Surveys · 
notified their transport requirements and timing schedules for the various 
phases of the project. 
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The Rabaul Volcanological Observatory office was used as the 
headquarte~s for field operations and a radio communications centre was 
maintained there (Control). 

2.1.1 Geological 

The New Britain geological party was formed in 1969 to carry 
out regional mapping over New Britain excluding the Gazelle Peninsula. 
The major portion of this area was covered by a large party in the period 
February to May. A turbine helicopter (Bell 206A) was used to position 
traverse parties out of base camps at Pomio, Hoskins, and Kandrian. (For 
those participating refer to Appendix 4). The helicopter waS concurrently 
utilized for the New Britain gravity survey and to position and supply 
inland seismic stations at Pakia, Au'Una, and Kulu River. 

A smaller party revisited the north coast by boat from August 
to November to examine the volcanoes in detail and to complete regional 
mapping. The latter was aided by ten days helicopter (Bell 47G3B1) usage 
in the Whiteman Ranges. 

The 1:250,000 geological maps of New Britain and a BMR Record 
on the geology are being compiled by R.J. Ryburn and others. The detailed 
petrology of the volcanoes is being studied by R.W. Johnson of BMR. 

2.1.2 Geophysical 

The seismic refraction program was the prime consideration in 
determining ship movements; magnetic and sparker profiling was carried 
out as a subsidiary operation when feasible. The gravity observation 
program was integrated on an ad hoc basis, according to helicopter and 
aircraft availability, with t~ geological field work and supply operations. 

Refraction. Plates 1 and 2 illustrate the distribution of shots 
and stations. Logistics involved in positioning the field parties are 
discussed in sections 2.3, 2.4, and 2.5 below. 

Seismic operations were divided into four stages between each 
of which recording field parties were moved to new locations. Eighteen 
mobile land recording stations were supplemented by the six-station 
permanent network of the Rabaul Volcanological Observatory. 

Stage 1 was designed to check the results of work done in the 
1967 investigation and extend it to oceanic structure east of New Ireland 
and west of the Gazelle Peninsula. Sixteen shots were fired. 

Stage 2 was intended chiefly as a refraction reconnaissance of 
crustal characteristics along the New Britain volcanic arc including 
structures beneath the central New Britain area, and used fifteen shots. 

Stages 3 and 4 consisted of NE-SE and E-W refraction traverses 
of length 150 and 130 km respectively, which were designed to provide 
more detailed information concerning structure beneath the Rabaul Caldera. 
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Shallow marine reflection. A 14000-joule spark array system 
was installed on 'Coral Queen' for the whole survey. Recordings were 
made in the areas indicated in Plates 1 and 3. 

Magnetic. An Elsec proton magnetometer was towed, first by the 
supply vessel 'Lahara' during shooting operations, and subsequently ~y 
the main survey vessel 'Coral Queen'. Profiles measured are shown in 
Plates 34 to · 4~. 

Gravity. A reconnaissance survey was designed to provide a 
provisional map of the gravity field over land areas of New Britain and . 
New Ireland. Only isolated readings had previously been made. . The 
field operations for both geological and refraction programs required 
helicopters,which provided a convenient opportw:iityto make gravity 
observations • . 

2.1.3 Pre- and post-survey conferences 

Pre-survey conference. All participants attended a pre-survey 
conference in Rabaul to be briefed on the program before moving to their 
stations for stage 1 of the project. Points covered included: . -

(1) .' SurVey requirements in the fixing of the location of each 
station were explained and pro formas for the recording of this inform­
ation were distributed to party members. 

(2) Procedure in reporting arrival times to Control was outlined 
and queries were ariswered. 

(3) Allocation of frequencies for communication, time signal and 
shot instant was explained and a request was made that routine communi­
cation with Control should be notable for its brevity. Operating 
instruction manuals were supplied to those unfamiliar with BMR trans­
ceivers. 

(4) Repair and replacement procedures for faulty equipment was 
outlined briefly. ' 

(5) Finally attention was drawn to the importance of maintaining 
good public relations with all members of the Territory community. Among 
other things their co-operation was essential to the ~uccess of the project. 

Post survey conference. Comments on the logistics of the 
operation and suggestions for improving the operating of future surveys 
were sought. The following pOints were raised. 

(1) Non-stop operation difficulties: The continuous nature of the operation 
had placed severe demands on participants. While this was not unexpected, 
it also placed demands on "uninvolved" people of the goverrunentand private 
community when transport, stores and services were required at short notice 
during public holidays. The response of the local people generally had 
been very good but some difficulties did arise. 
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At one point the native crew of the government vessel 'Lahara' 
refused duty because they had had too little time off. The efforts of 
the Harbourmaster resolved this situation, with difficulty. 

(2) Equipment and tropioal oondi tions: Some parties had underestimated 
the severity of the tropioal conditions, which commonly produced 100% 
humidity on their equipment. Tbey and others had experienced difficulties 
which had been countered by various methods brought to light in discussion 
at the meeting. It is clear that many manufacturers of electronic equipment 
are unaware of equatorial climatic conditions. The attention of partiCipants 
could be drawn to this point when planning future surveys. Many personnel 
were also unaware that the locally manufactured batteries used in the 
survey used acid electrolyte of lower specific gravity than is normal 
elsewhere, to compensate for the local high prevailing temperatures. 
Some conventional hydrometers therefore gave misleading readings which 
affected charging routines. 

(3) Stores delivery and dist~ibution: The delivery of project stores 
from Austratia. and "the"£r"ci£s"t"i-ibut"ion to parties could be improved. 
Stores should be packed in small cases with a weight limit of about 
25 kg to facilitate delivery from Australia and handling in the field. 
In the current project large cases containing critical equipment were 
not delivered on time because airfreight personnel avoided loading them. 

(4) Communications: All communication frequencies used in the project 
were allocated after close study of the predicted ionospheric conditions 
prevailing at the time of the project. Everybody agreed that the time 
signal transmissions on two frequencies were excellent. Day to day 
communications on 4525 kHz were effective although some difficulties 
were experienced near midday and in some locations. It was suggested 
that two frequencies should be used in future surveys for voice 
communications. The main weakness in project communications was, once 
again, contact with the shooting ship. Control had frequent difficulty 
in contacting the vessel and a low percentage of shot instants was 
reoorded by the field stations. This failure was attributed to "the use 
of an inadequate transceiver (Collins) on the ship, and noisy electronic 
conditions on" the ship. 

(5) Navigation: It was suggested that in future surveys tender 
specifications for the ship should include provision of a radar with 
80 km range, and a gyrocompass. 

(6) Staff: The experimental operation of reflection profiling 
equipment between shot firing indicated that it is not practicable to 
combine these operations without increased staff. Additional staff is 
also required for the effective operation of Control. 

2.2 LIAISON 

One of the most encouraging aspects of the operation was the 
co-operation received from all sectors of the Papua New Guinea community. 
Without this support "the exercise might not have been mounted at all. 
Much of the liaison with Administration departments was carried by the 
local resident geological staff, particularly that concerning transport, 
stores handling, and accommodation. 
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Away from the larger settlements, accommodation and local 
assistance were provided by miss~ons,government officers, plantat,ion, 
owners and managers, and village groupso Particular attention 'was ' 
paid in the early stages to informing people of the 'aims and objects 
of the exercise and the results of earlier surveys; This appeared 
to assist ' considerably in kindling co-operativelnterest in the project. 

With respect to public relations, ,contact with local people 
is aided considerably if 'the project receives sufficient publicity 
from the news services. Fortunately radio coverage was moderately 
good and 'this was particularly helpful 'in contact with 'c'ountry, people, 
both European and indigenous. However, the newspapers tended to shy 
away from the project because of :i,ts highly ,technical nature, and 
coverage was correspondingly pooro 

AS , the project ranged over an area of some'116,OOO sq km 
and included 18 field parties, 'each of which require'd at~ming"count­
down for each explosion, effective communication was of critical '" 
importance. The Department of Posts & Telegraphs lent one of their 
high-power transmitters ' for ' the duration of theprojec,t. 'Tbis wa~ 
connected by landl'ine to the ' Rabaul VolcSnolQgica,10bse:r;va'tory. ,The , 
frequency of 4525 kHz was satisfactory for the project a.rea and was ' ' .. 
used for di'stances up to about 320 'k;n!. ' ' Ozi oqd days when 'E.ecepti'o~ , 
conditions wer'e bad' some stations were unreadable, but it : was usually 
possible' to work 'these difficult stations' through others whlchwere 
more favourably placed for recept'{ono ' The ' most 'cohsiste'ri'hy difficult 
link was from ship to Control owing to ' high noise levels' and other ' 
factors on the ship. 

To ensure good timfhg control, Signals from the central , 
observatory clock at Rabaul were broadcast continuously on two , 
frequencies, ' 3164 and 6815 kHz~' ,These signals were 'used by thef 
field parties' for checking chronometers or were dit-'ectiy recorded ,' , 
on the seismograms. The lower frequency was allocated for close, 
and the higher for distant, stations. These frequencies were 
adequate for the ionospheric conditions prevailing attpat time, and 
except for the peculiarities of reception ' in odd loca)iz~d areas, 
recepti,on was sa tisfactol:y. ", , 

2.4 TRANSPORT 

, ' ,The: ma.:fm dlffic~ltyin organizing trc0sp,ort was the ,l 
intermi ttent nature of require~e!lts. , ,The nee,d f9r , transpqrt ,,~bbed 
and flowed throughout theprciject; reaching peaks at the begirining _ 
and end of' stages during the positioning and ' repositioning of 
recordiilg parties in the field. " 

The MV ICoral Queen I was chartered by, ,BMR as a shooting and 
profiling ship. Its contribution :to the movement of ' recording ' parties 
was a minor one. The MV I Lahara ", an Administration vesse'i ' suppiied' 
by courtesy -of the Department of Lands 9 Survey~ & Mines, was us~d for 
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reconnaissance of survey points by the surveyors, for transport 
of the advance party which prepared geophone line sites, for magnetic 
traverses, for positioning parties during all stages of the project, 
and as a general support vessel. The Administration also supplied a 
workboat during peak movement periods, and other small boats were 
hired from time to time. A few plantation owners assisted with small 
boats and road transport for which they made no charge. 

The bulk of party positioning was carried out by aircraft 
chartered by BMR. Twin-engined Piper Aztecs, which carried a load 
of roughly 454 kg plus two passengers, were used extensively. The 
capacity of these aircraft to operate on small landing strips under 
a variety of weather conditions saved many days of operating time. 
The weather was poor during much of the project and strips were closed 
from time to time to larger aircraft. At the end of stage 2, two 
Aztecs were substituted for the proposed DC.3 to return recording 
parties to Rabaul. This was done without change of program and 
without additional expense. 

The three recording sites in the mountainous backbone of 
New Britain were occupied by parties transported by a helicopter on 
full-time charter to the regional geological mapping party. A 
considerable risk of delay was involved in the positioning and return 
of the recording and survey parties into and from these mountain sites 
because of the unseasonable weather. The normal doldrum period which · 
usually produces clear weather in March and April failed to arrive, 
and it was fortunate that the movements proceeded without a serious 
delay in the program. 

Demands for road transport during stages 3 and 4 were high. 
Vehicles were obtained from the Administration, from the Commonwealth 
Department of Works, and from hire car firms, and it was necessary 
to charter a small bus for the daily positioning of recording parties 
whose sites lay within 24 km of Rabaul. 

2.5 MARINE OpERATIONS 

Marine operations were carried out on board MV 'Coral Queen' 
(chartered for the survey) and MV l.'Lahara' (made available by the PNG 
Adminis~ration to assist the project). 

The MV 'Coral Queen', a steel hulled vessel 32 metres long, 
7.3 metres beam, and 2.1 metres draft, with a cruising .speed of 14 km/hr, 
deployed the seismic charges and carried shooting, seismic, and Spark­
array profiling equipment, explosives, generator, Decca .navigation 
equipment, and magnetic profiling eq~pment. Whenever practicable the 
ship transferred Decca stations and, occassionally, recording parties. 

The MV 'Lahara', a wooden hulled vessel 15.3 metres long, 
4.6 metres beam, and 1.8 draft with a cruising speed of 15 km/hr, 
placed parties during the survey and concomitantly undertook magnetic 
profiling until completion of the logistic duties. The magnetic 
profiling eqUipment was then transferred to the MV 'Coral Queen'. 

/ 
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Details of the equipment and its performance and operation 
are given in Appendix 1. 

Outfitting the scientific equipment onboard the MV 'Coral Queen' 
required about eight days. Outfitting the vessel itself was carried out 
simultaneously because it had just come off the slipway and had to pass 
navigation checks for seaworthiness certification. Because of the time 
required for outfitting, the commencement date was postponed,oneweek 
from 15 to 22 March. However, as the initial shooting program provided 
for only one shot per day it was possible ' subsequently to regain the 
lost time by fi~ing more than one shot on some days. 

On 20 April at' 2 a.m. the MY 'Coral Queen' struck a ~og 
in St George' sChannel and bent its propeller. The · damage .was inspected . 
by divers and it was considered that the vessel could proceed at reduced 
speed. Later at a conference it was decided to continue rather/than slip 
the vessel for repairs, in order to save timeo For the remainder of the 
surVey engines were run ata maximum of 1000 rev/min. ,This did not 
extend the charter period, because · time was gained from the shooting 
program. However, it did limit manoeuvrability of the ship in St George ' .. s 
Channel in poor weather. 

A description ·of the techniques used and arra~gements made 
to fire shots is contained in Appendix 2. 

3. POSITIONING 

3.1 · GENERAL PREPARATIONS 

All relevant 'available marine charts, military maps, trig­
onometrical station data and diagrams and aerial photographs were 
obtained from the respective Commonwealth and State .authorities. 

, , 

The military maps of the New Ireland area were available on 
the International Spheroid and a block adjustment was required to bring 
them to the Australian National Datum for this survey. . . . 

The available maps of New Britain were produced during World 
War II, and co-ordinate connexions to the Australian National Datum 
were achieved by replotting recent trigonometrical stations based on 
the above datum and adjusting accordingly. 

Most of the nautical charts were also prepared from older 
survey information; because of obvious discrepancies betWeen various 
plans and charts, a series of 1:250,000 sheets was produced in the 
Survey Branch of the Department of the Interior. These j>iot·s agreed 
with the sheet extremities of the Australian Map Grid area. Control 
was plotted and the coast line was adjusted from existing maps. Ten 
sheets were prepared on this scale. 
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A base map of the Gazelle Peninsula of New Britain was also 
compiled on Coronaflex at a scale of 8 inches = 50,000 metres. ~is 
map was used to facilitate plotting of the shot-points from stages 3 
and 4. 

,.2 LAND OPERATIONS 

3.2.1 Hi-fix sites 

Selection stations. The program' required the use of Decca 
'Hi-fix' in determining the position of the ship at the following 
shot-points: 5 to 7; 9 to 19; 23 to 27. In order to achieve this, 
baselines were selected and 'Slave' stations were co-ordinated at the 
following locations': Kereware Island and Kamdaru (New Ireland); Hoskins 
and Pondol Agir IsYand and the Awul Mission. , ' 

I 

Co-ordinatas of slave stations. Surveyors of the Survey Branch, 
Department of the Interior, Canberra, carried out the surveys to co­
ordinate the proposed Decca 'Hi-fix' Slave stations in February and March 
1969. 

Precision of co-ordinates. The stations were co-ordinated 
to the existing trig. networks. These connexions attained an estimated 
accuracy of :t. 1.5 metreS': relative to the existing network. 

,.2.2 Seismic sta~ions 

Co-ordinations of sites (Table 3). Because of difficulties 
of terrain and limited access, the survey to provide co-ordinates for 
proposed seismic recording stations was carried out using a variety of 
survey methods, namely: 

1. Stadia connexions to trig. stations supplemented by short 
baseline checks. 

2. Compass and chain traverses. 

3. Theodolite and chain traverses. 

4. Resections and intersections. 

5. Sun and star observations. 

6. Photo identification and scaling from a known trig. station. 

7. Point identification on military maps with scaled geographical 
co-ordinates. 

Relative accuracies of positions. Methods of survey for 
co-ordination of each site are shown in Table 5. The following are the 
estimated accuracies of the survey methods listed above: . 

1. Stadia: ± 0.5 metres per 100 metres of connexions. 
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2. Compass and chain traverses - uncontrolled compass traverses: 
± 19 metres per km of traverse. 

3. Theodolite and chain traverses: + 1 metre. 

4. Resection and intersection: .:!:. 1.5 metres. 

5. Sun and star observations: + 4 seconds of arc ' (124 metres) 
in latitude and 15 seconds (457 metres) in longitude. 

6. Photo identification: + 62 metres. 

7. Identification on military maps: + 92 metres. 

Survey problems. The following were the main problems 
encountered during.the course of the seismic recording stations. 

1. Weather: . the recording station co-ordination survey. commenced 
towards the latter part of the northwest monsoon season. Sea 
transportation proved to be uncomfortable and ship-to-shore 
landings dif~icult. Heavy rain was practically continuous 
throughout the 'first half of this part of the survey. 

2. Many stations were photo ide~tified because of the lack of 
survey control in the immediate area. Some marks had been 
destroyed by foreshore erosion. 

3. Transportation and site accessibility. Survey progress was 
slow because of the location of some recording station sites. 
Difficult terrain and general lack of roads made it necessary 
to move the survey parties by ship and by air (fixed wing and 
helicopter) • 

:rata processing. All necessary computations were procesB:d 
on the following computer programs: 

1. Latitude-longitude. Australian Geodetic Datum program 
on the IBM 1620 computer at the Department of the I~terior. 

2. Transverse Mercator Co-ordinate Program on the Commonwealth 
Scientific & Industrial Research Organization's CDC 3600. 

3. Robbins Program on the CDC 3600,. 

3.3 MARINE OPERATIONS 

The position fixing for this project was completed using 
the Decca Hi~fix system and normal shipboard navigation equipment. 

3.3.1 Navigation 

Shipboard navigation equipment. Shipboard naVigation 
equipment consisted of: 

1. Decca Hi-fix system for about one month of the survey. 
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2. A Kelvin & Hughes Type 11 marine radar with 38-km range 
capability. 

3. Magnetic steering compass. 

4. Magnetic navigation compass on the flying bridge, 
equipped with a prism type compass ring. 

The deviation of the ship's compasses was determined prior 
to the commencement of the survey. 

The orientation of the radar display was relati~e to the 
ship's head and corrections for magnetic declination, s~ip's deviation 
and ship's heading were made to each observed radar bearing. 

Decca Hi-fix system. Hi-fix is a highly mobile light-weight 
electronic positioning system which provides positional control regardless 
of visibility. Operations may be carried out in either a two-range or 
a hyperbolic mode depending on survey requirements. The two-range version 
was selected for the survey because it is more economical and easier to 
operate. The power was supplied by a 24-volt battery system. The master 
station transmitted from the ship on a frequency within the 1,100 to 
2,000 kHz range. 

The receiver was installed aboard the 'Coral Queen' displaying 
an instantaneous digital output of the range lane count. Movement of 
the ship towards or away from the slave stations was indicated by a 
change in phase of the received signal. 

where 

Determination of Decca lane width is made by: 

L = v/2f metres 

L = lane width on the baseline of a hyperbolic pattern 
or lane width in a two-range system. 

v = propagation velocity in kilometres/sec. 
(normally 299,716 km/sec) 

f = transmission frequency in kHz. 

The selected frequency on this survey resulted in a lane 
width of 77.2839 metres of 253.553 feet. 

Calibration of Decca Hi-fix. Because Hi-fix is a single­
frequency measuring system, it was necessary to determine the range 
lanes from the shore slave stations to the ship. The computed distance 
was converted to range lanes and the value set manually on the receiver. 
Accuracy to + 36 metres was necessary, so calibration was normally 
made from a position adjacent to a previously determined and marked 
shore station. 

References readings were recorded at various locations for 
re-calibration as required. 
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Range of Decca Hi-fix. During the survey, the equipment 
was used for ranges of up to approximately 160 km. ' 

Problems experienced with Hi-fix. Generally speaking, 
the Decc~ equipment operated well wi thin the 'standard required for 
this , survey. The system proved to be extremely stable during daylight 
hours although loss of signal strength was 'experienced during ' night-
timeoThe possible causes of this were: ' 

10 Electrical interference from the ship's d.c. power genera.tors. 

20 Changes of topography along the transmission path due to the 
movement of the ship. 

3~ Local electrical and thunderstorm acti vityo ' 

A warning light on the receiver indicated loss in signal reception. 
'ae~i1H'&:ti~n of Decca course readings was made each day the sy§tem 
was used. 

3.3 0 2, Shot positioning 

Determination of the ship station at shot instant. During 
the suriey;co-ordinate values for the following ship s'tationswere 
provided using the Decca Hi-fix navigation system: 

Shot-points 5, 5A, 9,10,11, 12A, 
13, 15, 16, 17, 18, 19, 
20, 23, 24, 25, 26, 27. 

The ship stations at all other shot-points were fixed using 
radar bearings and distances and magnetic compass bearings on the 
coastline arid adjacent islands. These fixes were plotted on the best 
available charts or maps. ' 

Co-ordinates of the shot-points. The actual shot or firing 
positions were determined relative to the ship using: 

1. Radar bearings and distances. 

2. Magnetic compass bearings. 

3. The elapsed time from explosion to the arrival recorded 
from the hydrophone nearest the shot to determine the" 
dlstance between firing point to ship's position. 

The distance was computed using this time interval and the velocity 
of the shot sound wave through the water. The geographical position 
of the shot point was then ,computed from the position'of the ship. 

Shipboard calculations and plotting. Ship pos.i tiop.s determined 
from Decca co-ordinates were computed geodetically using formulae fo.r 
computations on the Australian National Datum. The shot-points and 
recording statIon sites were plotted on suitable control sheets, and 
distances were determined by scale. These prOVisional results were 
progressively handed to the Party Geophysicisto 
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3.3.3 Seismic sparker profiling 

Sparker traverses were conducted during the shooting program 
and continued. for approximately two weeks after shooting was complete. 
Twenty-seven traverse lines were surveyed and plotted on the 1:250,000 
maps of the area. A schedule was also given of the time and geographical 
position of each traverse fix. 

3.3.4 Precision of shipboard navigation 

Decca Hi-fix. ¥t is considered that the Decca Hi-fix system 
gave results better than 10 metres. 

Navigation using ship's radar. ~e accuracy of this navigation 
depended on the scale and accuracy of the available charts. Distance 
from ship to shore also affected the precision of the results. Accuracy 
should be within + 300 metres on all shot-points on the survey, with 
the exception of 'Shot-points 6 and 7, which may have an· a--ee~~\i):f'i+I::800 
metres. Survey positions of the ship in Rabaul Harbour were considered 
accurate to + 60 metres. 

Overall precision. The overall precision was also determined 
by the accuracy of the connexion between the ship and the shot-point. 

3.4 CONCLUSIONS 

Provision of co-ordinates for recording station sites. The 
accurate determination of geographical co-ordinates of recording stations 
was not necessary until final computations were carried out on the CDC 
3600 computer at the Commonwealth Scientific & Industrial organization. 
Scaled distances were useQfor preliminary computations. Survey of 
these sites would be preferable after the site was occupied. 

Problems in shipboard naVigation. The following ·requirements 
not available on this survey would be desirable standard equipment on 
all vessels under charter or contract for similar geophysical survey 
work in future: 

1. Gyro compass. 

2. Automatic pilot. 

3. Radar with 80 km capability coupled with a radar range 
expander. 

4. Gyro repeat on the flying bridge, fitted with a direct 
reading azimuth ring with 360-degree visibility. 

5. Air-conditioning in the chart room for comfort during 
plotting. 
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4. GEOLOGY 

New Britain and New Ireland have a history of volcanism and 
tectonism da,:ting back to Lower Tertiary times. Their geology resembles 
that of the Solomon and New Hebrides Islands and to some extent that of 
the Huon Peninsula in mainland New Guinea. 

New Britain has many characteristics-of an island arc. It 
has an elongated arcuate shape, an oceanic trench parallel to the south 
coast (Planet Deep), a zone of earthquake foci dipping steeply northwards 
under the island to a depth of over 500 kilometres (Benham, 1969; Johnson, 
1970) and a belt of active volcanism along the northcoast~ New Ireland 
does not have a closely associated trench and has no active volcanoes. 
The chain of volcanic islands paranel to the northeast coast are probably 
of Quaterna~y age. 

In many respects the geology of the two islands is similar! 
(Plate 4). However, New Ireland and the Gazelle Peninsula seem to have 
been mod~fied by Quaternary crustal movements associated with the north­
west Solomon Islands trend and now constitute a separate tectonic province 
from the rest of New Britain. 

4.1 -NEW ~RITAIN 

4.1.1 Geological history 

The geological evolution of New Britain appears to have started 
in the Eocene with an episode of island arc volcanism. This resulted in 
the accumu+ation of a thick pile of volcanic rocks and derived sediments 
which now underli~ much of the island. These rocks, for which Macnab 
(1970) has propo~ed the name Baining Volcanics, are exposed in parts of 
the Gazelle Peninsula and in eastern and central New Britain. Rock types 
are principally basic to intermediate lava and pyroclastiCS, volcanic 
conglomerate,greywacke, siltstone and shale, the proportions of which 
vary conside~ably. Eocene foraminifera have been identified from rare 
limestone lerises and from limestone clasts in conglomerates. The 
thickness of the sequence cannot be measured, but is undoubtedly greater 
than 2000 m. The provenance is entirely volcanic and the environment 
of deposition partly terrestrial, partly marine. Pillow lavas, however; 
are rare. 

- - ---I: 
Following their deposition in the Eocene, the Ba.ining:Volc~ics 

were subject to folding, -faulting, uplift, and erosion; younger rocks, 
the oldest of which are Upper Oligocene, rest with marked-unconformi ty­
on an irregular erosion surface. Unlike the -younger volcaniCS, the 
Baining Volcanics are very indurated and extensively"-jointed._ There are 
signs of incipient metainorphism in many outcrops, and in the central 
Baining Mountains of_the Gazelle Peninsula there is a narrow zone of 
actiIio:).i te and biotite schist. Owing -to the scare! ty of beddingexp"'oSu.res ------­
little is known of'the style of deformation but, where -seen, dipS-are 
generally moderate to steep (in some instances overturned). _F~ulting and 
shearing are common in many outcrops. 
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Intrusive rocks of basic to intermediate composition are 
widely distributed in the Baining Volcanics. The larger plutons, up 
to 15 kilometres across, tend to occur along the axis of the island. 
They are composed of diorite, gabbro, tonalite, granodiorite, adamellite, 
and monzonite. Some of the hypabyssal intrusions may have been emplaced 
before or during deformation of the Baining Volcanics as they show Signs 
of alteration. Most of the larger bodies are relatively fresh and are 
probably post-orogenic but older than overlying Middle Miocene limestones. 
Dykes, sills, and minor intrusions of equivalent but finer grained lithol­
ogies _ ~re widespread. 

A further period of volcanism in the Upper Oligocene and 
Lower Miocene is ,_represented by interbedded pyroclastics, tuff, volcanio 
conglomerate, lava, calcareous sediments, and impure limestone which 
occur in the Open Bay area and in West New Britain southwest of the 
Willaumez Peninsula. These rocks are similar to the Baining Volcanics 
but they are less indurated, less jointed, and are tilted only gently to 
moderately. They unconformably overlie the Baining Volcanics and are 
overlain by Middle Miocene limestone. The marine sediments have yielded 
foraminifera of Upper Oligocene and Lower Miocene ages (e stage). 

In Middle Miocene times New Britain underwent a period of 
slow subsidence during which considerable thicknesses of reef limestone 
were deposited over much of the island. Large areas of cream to white, 
compact limestone are preserved as cappings in the Whiteman Ranges of 
West New Britain, in the Nakanai Mountains north and west of Jacquinot 
Bay, and in the northwestern Gazelle Peninsula. The thickness, which 
varies considerably, is commonly greater than 300 m but in places it 
exceeds 1500 m. Extensive sampling for microfauna has shown the bulk 
of the limestone to be Middle Miocene (f1_2 stage). Locally the base 
and top of the limestone extend into the Lower and Upper Miocene 
respectively. 

Following Middle Miocene limestone deposition, volcanic 
activity recommenced in the Upper Miocene. In the Gazelle Peninsula, 
andesitic and basaltic lava, agglomerate, and tuff with horizons of 
tuffaceous marine sedim,ents containing Upper Miocene to Pliocene 
microfauna crop out over a large area east of the southern portion 
of the Baining Fault (see Plate 4). These rocks are semi-consolidated, 
poorly jointed, and widely disturbed by faulting. West of the Baining 
Fault, rocks of equivalent age, compriSing a sequence of up to 500 m 
of poorly consolidated terrestrial and marine tuffaceous sediments of 
intermediate volcanic derivation, dip gently southwestwards from a height 
of 1700 m on Mount Sinewit in the central Baining Mountains. In the 
MevloRiver headwaters, a basal ash-flow tuff member rests unconformably 
on Baining Volcanics. In the Wide Bay/Open Bay isthmus the sequence 
overlies 'estage' volcanics and is overlain by Pliocene limestone. 

In Central New Britain, to the south of Kimbe Bay, occur 
unconsolidated intermediate to acid tuffs and tuffaceous sediments, 
which are tentatively correlated with the Upper Tertiary Gazelle 
Peninsula volcanics. Here the sequence is at least 300 m thick and 
overlies Baining Volcanics or, in places, Middle Miocene limestone. 
Since deposition these rocks have been uplifted to a maximum of 600 m 
above sea level. 
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Volcanics of Upper Tertiary age (not shown in Plate 4) may 
overlie the Ie stage I volcanics on the north coast, west of the Willaumez 
Peninsula. In the same vicinity volcanic plugs of probable ' Upper Tertiary 
age (Plate 16) form the prominent twin peaks of Mount Penk. 

4.1.2 Post-Tertiary 'tectonics 

Much of the present mountainous topography of New Britain is 
the result of block faultil}g and regional uplift, which seems to have 
started in the late Pliocene or early Pleistocene and is probably , 
continuing today. Evidence of uplift is to be seen in the presence of 
Upper Tertiary , marine sediments now exposed at considerable altitudes 
in central New Britain and the Gazelle Peninsula. Southeast of Open Bay, 
soft calcareous sediments of Pliocene or younger age lie on the down­
thrown, northern side of a major fault :which bounds the uplifted moUntains 
to the south. The lack of coarse detritus in these sediments shows that 
the vertical uplift of the southern mountain block has occurred since 
their deposition. 

Thick wedges of fanglomerate and alluvium deposited on the 
downthrown, northeast side of the Wide Bay Fault (see map) were derived 
from the rising mountain block to the southwest. Continued movement on 
the fault has tilted these to a maximum angle of 60 degrees northeast in 
close proximity to the fault and to progressively smaller angles away 
from the fault. Similarly tilted conglomerates lie to the northeast of 
the Baining Fault in the central Gazelle Peninsula. Here the conglomerates 
grade into finer, terrestrial sediments away from the fault with pumiceous 
and tuffaceous detritus from the Rabaul volcanoes appearing towards the 
top of the sequence. 

\Regional uplift of the south coast of New Britain and the 
east coast of the Gazelle Peninsula has in many places produced series 
of raised cor~l reefs. Up to six terrace levels can be recognized in 
places. The uplift has not been uniform along the length of the coast 
as terrace altitudes vary laterally. In Jacquinot Bay reef terraces 
can be recognized up to a height of 500 m. In many places recently 
formed reefs have been elevated a few metres above sea level, clearly 
indicating that uplift is still occurring. 

Unlike the south coast, the north coast does not display 
evidence of Quaternary uplift and may in fact have been sinking. Coral 
reefs are now forming over large areas off the north coast, and it is 
likely that considerable quantities of volcanic detritus are also being 
deposited in the same region. 

4.1.3 Post~Tertiary volcanism 

At about the same time as the renewal of tectonism in the 
late Pliocene or early Pleistocene, volcanism once again broke out in 
New Britain. Quaternary volcanic rocks are found in three areas: at 
Rabaul, in the east; along the north coast and on Willaumez Peninsula; 
and at the western end of the island, south of Cape Gloucester. For 
the most part these rocks are the products of central':';type stratavolcanoes 9 

many of which are still active (Fisher, 1957). Rock compositidns range 
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from tholeiitic basalt to rhyolite, and the most abundant lava type appears 
to be of intermediate composition (53-63 weight perce~t SiO). These 
intermediate rocks show similar petrographic and chemical c~aracteristics 
to 'andesites' (sensu lato) described from several island-arc areas in 
the Western Pacific region. 

At Rabaul a caldera, open to the sea on its southeastern side, 
exposes lava flows and air-fall and ash-flow pyroclastic materials 
(Heming, in prep.). These depOSits were erupted from several centres, 
many of which are preserved as remnant cones on the caldera rim. Post­
caldera volcanoes are also present; two of these - Tavurvur and Vulcan 
- erupted in 1937 causing the temporary evacuation of Rabaul township 
(Fisher, 1939). 

Most of the Quaternary volcanoes in New Britain are found in an 
east-west arc along the north coast and on Willaumez Peninsula. The 
pe~insula is an north-south chain of volcanoes which probably delineates 
a major fracture at right-angles to the long axis of New Britain. The 
volcanoes range from small cones, only a few tens of metres in height, 
to towering peaks over 2000 m above sea level. ._ Calderas are present on 
at least four volcanoes. Ulawun, Lolobau, and Pago volcanoes have all 
erupted this century, Ulawun producing lava flows and nuees ardentes 
when it last erupted in January 1970 (Davies, 1970). 

Most of the Quaternary volcanic rocks at the western end of 
New Britain are the products of the stratavolcanoes Tangi and Talawe, 
both of which rise over 1500 m above sea level. There are smaller 
eruptive centres on the saddle between these two cones, and the crater 
cluster of Langila has erupted explosively several times this century 
(for a description of activity between 1952 and 1956, see Taylor, Best 
& Reynolds, 1957). 

East of Tangi and Talawe volcanoes lie two extensive volcaniC 
centres, Schrader in the west and Andewa in the east. Dissection is 
much more advanced on both these volcanic complexes than on any of the 
other Quaternary volcanoes in New Britain, suggesting an early Pleistocene 
age. It is doubtful if either centre has been active in Recent times, 
and both may have commenced activity .at the end of the Pliocene. However, 
for convenience, Schrader and Andewa are grouped with the rest of the 
Quaternary volcanoes on the accompanying geological map. 

4.2 NEW IRELAND 

4.2.1 General geology 

Like New Britain, New Ireland is underlain by a thick sequence 
of agglomerate, tuff, and volcanictastic sediments (Jaulu VolcaniCS, 
French 1966). However, the microfauna from this volcanic 'basement' indicates 
Lower to UpDer QligocEme ages of deposition. Eocene faunas, such as are 
found in the volcanic 'basement' underlying New Britain, have not been 
recognized. The sequence, which is at least 2000 m thick, is the product 
of .a major episode of <island-arc ty'p~ __ ~olcanism. The volcanic detritus is 
largely of andesitic composition. 
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Along much of the length of New Ireland the Oligocene volcanic 
'basement' is intruded by numerous stgcks and dykes of gabbro, norite, 
diorite, and tonalite, together with hypabyssal equivalents. These 
intrusives are older than overlying Miocene limestones and are probably 
related to the Oligpcene volcanism (Hohrien, 1970).. Only the larger ,bodies 
are shown, on the accompanying geological map (Plate 4). ' 

In the Low.er Miocene, N~w IrE;lland underwent orogenesis during 
~h~ch the Oligocene volcan~cs were intensively faulted and tilted (up to 
70). Orogenesis ceased in the late Lower Miocene and was replaced by 
a long continued but intermittent period of subsidence. 

In the northern half of the island and in ' central-southern 
New Ireland, biostromal limestone began to accumulate in the late Lower 
Miocene. Limestone deposition continued into the Pliocene; in some 
areas into the Pleistocene. These limestones now form plateau-like 
cappings up to 1400 m thick over large areas of New Ireland. 

In central New Ireland the Oligocene 'basement' is unconformably 
overlaip by Upper .Miocene to Pliocene water-laid tuff, volcanic arenite, 
and lutite up to 500 m thick. The volcanic components are of andesitic 
to dacfEc composition (Hohnen, 1970). Limestones are absent in this 
area. 

4.2.2 Post-Tertiary tectonics 

In the late Pleistocene the whole of New Ireland was rapidly 
uplifted; the greatest rate of e~ergence took place at the southern 
extremity and along the western coast, resulting in tilting to the 
northeast. The extensive plateau limestones now dip at about 5-100 

to the northeast. Horizontal, Quaternary foraminiferal chalks and 
raised coral platforms occur in a narrow strip along the length of the 
northeast coast and in parts of the southwest coast. 

Southern New Ireland is flanked by poorly consolidated, 
Quaternary fanglomerates and raised beach gravels derived from the 
actively rising volcanic landmass. 

Southern New Ireland is cut by ~~, northwest-trendin~ 
fault (Wei tin FaultJ which lies in a linear depression containing the 

-weltin and Kamdaru Rivers. French (1966) gives evidence for anti­
clockwise strike-slip movement of several kilometres since the 
beginning of the Quaternary. This fault undoubtedly continues to the 
northwest, parallel to the southwest coast of northern and central 
New Ireland, and is probably responsible for the remarkable linearity 
of New Ireland today. The northeast coast also appears to be fault 
bounded, at least in part, but the escarpments have largely' been 
concealed by Quaternary deposits (Hohnen, 1970). Numerous smaller 
faults have disrupted the surface of the plateau limestones. 

J I 
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5. SEISMIC REFRACTION 

5.1 GENERAL COMMENTS 

The field refraction program was a major undertaking 
involving 24 recording stations and 54 shots over distances ranging 
out to 400 km. The project aimed to gather travel-time data, but 
not amplitude data. 

Viewed in terms of percentage data recovery the program 
was successful. 

Sta~e Stations Shots First arrivals 
Possible Actual % 

1 24 16 384 295 77 
2 22 15 330 274 83 

3 21 16 336 299 89 

4 21 7 147 135 92 

Total 54 1197 1003 84 

5.2 EQUIPMENT 

Appendix 3 lists the equipment used by each recording party. 
Response calibrations of most of the systems are either poorly known or 
not known at all. Five parties operated large geophone spreads and 
the remaining stations used single- or three-component geophone systems. 
Recording speeds ranged from 3 to 600 mm per second and consequently 
the appearance of records varied greatly as did the precision of reading. 
Photographic sheet or roll paper and a variety of strip chart recorders 
were used, employing both ink and electrostatic writing methods. Photo­
graphic processing was undertaken at each field station, under a variety 
of field and laboratory conditions. 

Plates 9 to 14 have been reproduced to illustrate the range 
of recording facilities employed. All records made for shots 1, 22, 
and 40 and which could be reproduced, are presented iri these plates, 
chiefly to illustrate reading criteria and recording quality. 

5.3 TIMING 

Shooting and recording were monitored on absolute time using 
a time signal transmitted at 1-second intervals from the Rabaul Observatory 
on 6815 and 3164 kHz and fed directly to recorders at most stations. 

Shot firing sequences were broadcast from 'Coral Queen' on 
4525 kHz but were not usually recorded. These broadcasts were clearly 
received only at close distances and under good radio conditions. 
Moreover several recorder film magazines held insufficient film to 
start recording early enough to record shot sequences at times 40-50 
seconds before the first-arrival time. 
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Shots were fired at 09, 19, 29, 39, or 49 minutes plue 50 
seconds so that a 1-minute time signal would be available 10 seconds 
after firing time, and would be free of any superimposed shot sequence 
broadcasts on the same recording channel. 

5.4 DATA PROCESSING 

5.4.1 Shot data 

. Table .1 comprises a self explanatory listing of shot para­
me~ers. A card deck of these data is ~vailable. Water depths were 
computed from direct and reflected arrivals at the nearest hydrophone 
to the shot, assuming a velocity of 1.52 km/sec. 

In Plate 8, H is the hydrophone and S the shot. 

t1 is the direct arrival SH 

t2 is the reflected arrival SRH 

V is the velocity of sound in water 

A is the geometrically constructed image point of the hydrophone. 

The major assumption is that the sea floor is plane and horizontal. In 
this case the water depth HE = AS sin 1d/2 sin (J 
where Id and ~ are expressed in terms of the shot depth SS I, V, t1 and 
t 2• Travel times t1 and t2 were not recorded for the shot 'Test AI, 
and the water depth lis,ted WaS scaled from Admiralty charts. 

Greatest errors in water depth determinations occur for shots 
where bottom ~opography dips steeply. Separate water corrections in 
these cases should, strictly speaking, be computed for different shot 
azimuths. As the total water aepth corrections to travel times are less 
than one second for most shots, variations with azimuth due to varying 
bottom topography will be very much less than. this. Shot-points, located 
in Plates 1 and 2 and identified with traverses shown in Plates 1 and 3, 
can be plotted on corresponding sections shown in Plates 15 to 48 to 
indicate the bottom topography beneath most shots. Sparkarray sections 
are not available for some shots, notably shots 1 to 4 and 9 to 19. 

5.4.2 Refraction arrivals 

Initial readings. First interpretations of field recordings 
were made by operators in the field. Arrivals were generally read to 
0 0 1 sec and transmitted to the project control centre. These data 
comprised first arrivals supplemented by any multiple arrivals listed 
at the discretion of the observer. 

Revised readings. Records were completely reinterpreted 
after the conclusion of field work. Arrival times were listed to .01 
seconds for convenience, checked against the first interpretations, and 
the following accuracy indicators assigned: 

1 = Arrival time within + .05 sec 
2 = II II II :; O. 1 se c 
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3 = Arrival time within + 0.5 sec 
4 = II II not known to better than ± 0.5 sec. 

In addition, subjective quality assessments 'good', 'fair' or 'poor' 
were assigned. 

Listing of data. Refraction arrivals and associated data 
were coded on punched cards in the manner described in Appendix 5. Table 
2 is a self explanatory listing of all travel times from these cards. 
Normalized travel times adjusted to a surface source with the water layer 
substituted by a 4.0 km/sec pseudo-layer are given in the right hand margin. 
This velocity was chosen after a study of provisional structure from the 
1967 refraction data. 

The program used, RCSPDATA, is itself listed in Appendix 5. 
Pla~e 52 contains a flow chart to help interpret the program. 

Plotting of data. Appendix 5 contains a listing of the 
plotting program GRAPLOTT to allow time:distance plots of data selected 
either by specifying individual shots and stations or those within a 
given range of azimuths from a given station or shot as origin. Plate 
53 contains a flow chart for this program. Travel times were initially 
plotted in complete stages from a common origin. Points which appeared 
inconsistent with the general trend were rechecked on the original 
records. '. 

Examples of travel time plots are given by Plates 5, 6, and 
7 showing a common origin plot for stage 3 and arrivals into party 6 
(stage 3) and away from shot 35 (stage 3). ' First arrivals are plotted 
with 'error' bars corresponding to the tabulated precision of the 
reading. 

6. SPARKER AND GENERAL BATHYMETRY 

6.1 GENERAL COMMENTS 

Opera~ion of the seismic reflection (sparkarray) equipment 
is outlined in Appendix 1, where reference is made to Plates 54 and 55. 
Traverses in the survey are shown in Plates 1 and 3. 

The area between New Britain and New Ireland including St George's 
Channel and the extreme eastern end of the Bismarck Sea was covered by a 
series of traverses at 5 to 10 km spacing. The precision of these traverses 
is variable and not well known. In section 3.3.4, precision of shot-point 
positions is given as generally + 300 m. ~eDecca system used as control 
for these was not generally used-for traverse plotting. Thus the accuracy 
of any given point on a traverse is considerably lower as, at best, it 
depended on radar which was effective only within 38 km of a coastline. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-23-

Elsewhere only isolated traverses were recorded, without 
an att~mpt at uniform coverage. Traverses 9 to 15 aiong the northern and 
western coasts are conveniently grouped for discussion, and Traverses 16, 
11, and part of 4 along the southern and eastern coasts of New · Britain 
comprise a third region~ 

Bathymetry is extremely variable throughout the regiop, and 
depths ranged to 300 m along these traverses. It was neqessary to 
prepare composite plates at one-quarter scale from the oiiginal records 
so that bottom topography could be seen clearly. These. are shown in 
Plates 15 to 48. 

Only shallow bottom penetration to a . hundred metres or so 
is shown on most profiles. This is partly due to the shallow depth of 
the source, which at 1 metre approxi~tely (Plate 54) was probably too 
shallow for optimum ·penetration (Edelmann, 1968). 

Insets are sho'.m in several plates. These have been drawn, 
.. where evidence is reasonably clear on the original records, to clarify . . . 

details of sub-bottom structure including, for example: sedimentary 
layering (Plate 46); sediment filled troughs and outlines of projecting 
hard rock structures (Plate 16); and boundaries of troughs (Plates 36, 
38)~ Examples of migration of topographical boundaries due to non­
vertical scanning are common and result for example in the overlapp~g 
boundaries at the junction of the bottom and steeply dipping side walls 
of a feature (see examples shown in the insets in Plates 38 and 42). 

6.2 ST GEORGE'S CHANNEL/BISMARCK sEA REGION 

A series of radiating traverses numbers 6, 8, 18, 20,21, 22, 
23, 24, 26, and 21 with additional tie traverses in thesouthwestem 
portion, numbers 2, 3, and 4 have provided a good reconnaissance of :this 
region. 

The major bathymetric feature in this area is a prom~ent 
arcuate trough reaching 2000 metres' depth. The outline of this feature 
is plotted in Plate 3. The trough has the following promi~ent character­
istics: 

(a) 

(b) 

(c) 

(d) 

A very narrow central portion occurs northeast of Ulu Island 
(Plate 36), distinguishing the northern and southern segments. 

The western wall of the southern segment and the eastern wall of 
the northern segment are sharply discontinuous with the trough 
floor. This is ·clearly shown, for example in Plates 34, 35, 36, 
38, 39, 42, and 45. 
The t9pography of the trough floor is most disturbed where it is 
narrowest, as shown in Plate 31 (traverse 22), Plate 38 (traverse 
23), and Plates 44 and 45 (traverse 26). This might indicate a 
post formative disturbance of the trough morphology in this area. 

There is no clear expression of a continuation of the Wei tin River 
fault (Plate 4) in the bottom topography 'shown in Plate 31 (traverse 
22) or in the outline of the trough wall plotted in Plate 3. Evidence 
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of sinistral transcurrent movement is mentioned in section 4.2.2. 
This might be hard to distinguish in the few profiles available 
unless it reflected large-scale movement which postdated the 
formation of the trough. 

(e) The trough widens at its northern end. The southern wall 
decreases in height and several apparently block faulted steps can 
be seen in Plates 22, 32, an.d 46. 

One minor feature of the region is a small northwest-trending 
trough off Tavui Point in Plates 16 and 18. The trough is filled to a 
depth of 400 metres. 

The navigation on traverse 1 (Plate 15) seems to be in error. 
The location of the trough wall exhibited in this plate is not consistent 
with its location shown in Plate 39 (traverse 23). 

6.3 NORTHERN AND WESTERN REGION 

Relevant plates are 23 to 29 and call for brief comment 
only. 

. The relatively sharp bathymetric discontinuity intersected 
in two places on traverse 9 (Plate 2) apparently strikes NW~SE. 
There is no evidence here of ·a northwest continuation of the Open Bay/ 
Wide Bay fault system shown in Plate 4. Plate 23 (traverse 12) shows 
the floor of the Bismarck Sea gradually rising from 2000 m to Vitu 
Island. The bathymetry off the north coast, east of Willaumez Peninsula, 
shows some small structural features at a fairly constant depth of about 
1400 metres. 

6.4 SOUTHERN AND EASTERN REGION 

This is represented by three traverses: 16, 17 and the 
southern end of No.4. These are shown in Plates 30, 31, and 19. 

. Plate 19 calls for most attention as the discontinuities 
~ .. 

that form the northern and southern walls of a depression may represent 
submarine extensions of fault systems between Wide Bay and Open Bay in 
Plate 4. Plate 30 shows some small troughs in three places. Plate 31 
shows the deepest bathymetry recorded (to 2900 metres) on the slope of 
the western arm of the Planet Deep. 

7. MAGNEl'IC 

7.1 EQUIPMENT 

Total magnetic field was measured with an Elsec proton 
precession magnetometer Type 592/N.The detecting element was a 
standard two-bottle fish towed on 160 m of cable at an estimated 
depth of about 2 m. 

The magnetometer was set to automatica~ly recycle at the 
longest period (about 1 minute), and its output was monitored on a 
Moseley No. 680 chart recorder operating at 20 cm/hr. The ' chart recorder 
was equipped with automatic reset and adjusted to about 300 gammas full 
scale. 
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No difficulty was encountered in tuning the magnetometer 
alt~9ggh a sudden loss of signal strength when the ship was turning or 
the water depth varied rapidly created spurious readings. Minor tuning 
adjustments to restore signal strength usually remedied this situation 
al though on occasions faulty connexions were found to cause the err'oneous 
values. . 

7.2 OBSERVATIONS AND PROCESSING 

No usable magnetic records were obtained while the magneto-'._- . 
meter was installed on board MV 'Lahara'. 

7.2.2 MV 'Coral Queen' 

The magnetometer and sparker equipment were run simultaneously 
wherever possible from Traverse 21 onwards. 

Timing marks were placed manually on the magnetic chart at 
about 15-minute intervals or when reset occurred. As the output of the 
magnetometer is meter counts rather than gammas, a conversion graph was 
drawn using the standard formula. When a timing mark was placed on the 
chart the )Ilagnetometer was read, converted to gammas, and also written 
on the chart. This process required the constant attention of an operator, 
especially when the field was changing rapidly. .. 

Magnetic field values between the timing marks were scaled 
directly off the chart and tabulated as a record of magnetic field versus 
time. These readings were later reproduced in profile form as the ship 
positions became available. 

The average speed of the ship was about 11 km/hr; 
magnetic field was sampled at abou~ 200-m intervals. Where 
was smooth every second reading was scaled from the record. 
of scaling is within ± 5 gammaS. 

thus the 
the field 
The erI;'or 

Magnetic field values were not corrected for diurnal variation 
and this produced considerable error. The average diurnal variation 
measured at Rabaul during May 1969 was about 70 gammas (D.Mo Finlayson, 
pers. comm.). 

Th~ overall error of the magnetic work is estimated at about 
± 40 gammas 0 

Table 4 contains a listing of magnetic anOmaly values computed 
by subtracting the total regional field, interpolated from data given by 
Parkinson & Curedale (1962), from observed values. 

Anomaly profiles are displayed on a common time scale with 
bottom topography in Plates 34 to 48. 

Appendix 6 contains a l~sting of the magnetiC data reduction 
program RA.BMAGo 
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8. GRAVITY 

8.1 OBJECTIVES 

A regional reconnaissance gravity survey by helicopter of 
New Britain and New Ireland was programmed as part of current work 
in New Guinea, in order to assess major geological features and boundaries 
and to investigate crustal structure and geoid behaviour. 

In addition, intere~t in the Earth's crust and in the volcanoes 
around Rabaul prompted the making of a detailed survey as part of the 
geophysical investigation of the Rabaul area. 

8.2 EQUIPMENT 

LaCoste & Romberg gravity metre G132 " 
Mechanisms Ltd microbarometers Nos. 1173, 579, 294 
Thermometers, centigrade, wet and dry bulb 
Aerial photography, USAF, Adastra 
Topographic mapping 1:250,000 (or 1 inch = 4 miles) 

1: 50,000 where available. 

8.3 PROGRAM 

8.3.1 Regional survey 

A pilot scheme of preplanned locations at approximately 
11-km spacing was carried out, but as it was soon recognized that the 
topography, primary forest, and climate of the islands placed severe 
limits on this scheme, no further widespread station grid preplanning 
was undertaken. Hence the station denSity waS decreased in unfavourable 
terrain or dense forest where landing sites could not be found. Where 
pOSSible, in areas with interesting gravity features further work was 
carried out. Station locations are shown in .Plate 49. 

The cell technique of observation was employed; this 
provides a network of gravity and barometer readings for a least­
squares adjustment (Vale, 1962; Hastie & Walker, 1962). 

8.3.2 Detailed survey in Rabaul area 

Station locations are shown in Plate 51. Commonwealth 
Department of Works benchmarks with reduced levels provided convenient, 
accurate and relocatable survey pOints in the Rabaul area. With road 
access ~o all pOints, the work was most efficient and all stations 
were read in four days. Additional stations with barometer heightings 
were occupied then by helicopter. 

8.3.3 Field operations 

The greater part of the gravity survey operated in conjunction 
with the New Britain Geological Party. Logistic co-operation and 
efficient helicopter utilization proved most satisfactory. 
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All gravity observations and intervals were determined using 
the manufacturer's calibration factorso The meter remained on heat 
throughout the survey and its drift (uncorrected for each tide) was 
less than 0.14-rrigalover two hours. Base stations established in 1967 
by J.S. Milsomgave adequate control to the Australian Isogal datum, 
May 1965. 

Except at benchmarks, heights corrected for temperature and 
humidity were obtained with Mecr~isms microbarometers. Base temperature 
and pressure records were maintained unless frequent reading- -of the field 
barometer at known levels, being sea level in most cases, ren~ered them 
unnecessary. Meteorological data recorded at Rabaul airfie~d were 
provided by the Bureau of Meteorology and used extensively in height 
calculation. Barometer drift was less than 3 metres' for a two~hour' 
period. Station altitudes- were reduced to mean sea level datUm with 
the aid of Admiralty tide tables. A correction to benchmark stations 
was applied because M.S.L. = 0.76 metres on Commonwealth Department of 
Works (cnw) datum. 

prick on 

(i) 
(ij,) 

The position of each gravity station was recorded by 
available aerial photography, viz: 

New Britain and New Ireland; usAF MM'series 
Gazelle Peninsula and Rabaul: Adastra. 

pin~ 

This position was transferred to topographic mapping for the scaling 
of geographic co-ordinates. 

Location 

New Ireland 
Rabaul 
New Britain 

8.4 PROCESSING 

Mapping 

1:250,000, excellent 
1:50,000, good 
1 inch = 4 miles, poor 

Estimated pOSition error 

0.1 min 
0.05 min 
0.5 min 

In the field, approximate preliminary Boug~er anomalies 
were calculated so that gravity features could be assessed. 

All observations were recorded in format for immediate 
transfer to a computer input system. BMR operates on CSIRO's CDC 
3600 computer, and card input is used for the gravity data reduction 
programs. 

A tidal correction program operating on observed data was 
used for flights that Livolved a long drift interval, to.produce a 
corrected input card deck. Existing programs were used for the -
computation of gravity meter drift, corrected barometer height reduction, __ ~ 
station value difference, network least-squares adjustment, and production 
of a' final sorted arid permanent list of principal facts, and BougUer 
anomalies for desired r~ck densities were tabulated. 

. ". . ,.,,;F" 

A11 observed gravity values quoted are based on the Australj.aIf 
Isogal datum, May 19§3. Compu.ter results for Bouguer anomalies w~th-' -
density of 2.67 g em were used for all preliminary mappingo 

/~---

;' 



-28-

8.5 PRELlMINARY BOUGUER ANOMALIES 

Preliminary Bouguer anomaly contours are shown in Plates 50 
and 51. In Plate 51 the figures at each point are the station number, 
station elevation above M.S.L., and Bouguer anomaly for 2.67 g cm~~. 

Re'sul ts from previous surveys by ' USNCO and USAMsFE are included 
where they fall within 1:250,000 map areas. 

8.5.1 Terrain corrections 

For the detailed Rabaul segment, Hubbert terrain corrections 
have been applied to stations of extreme relief. On the regional series, 
some stations require the application of Hammer charts for an estimate 
of their associated terrain correction, because of rapidly changing 
topography and its effect over long distances. Calculation of these 
corrections has not been finalized. 

8.5.2 Reliability of results 

The errors involved with gravity and position measurements 
are much less than the associated errors in elevation. The standard 
deviations of height networks ranged from 2.1 metres in New Ireland to 
4.0 metres in Central New Britain. Thus the simple Bouguer anomaly 
values are considered accurate to within 1 mgal. 

". . . i/o· . 
Prominent features 

Large positive ano~lies are associated with regions of 
topographic relief throughout the Bismarck Archipelago, and except for 
some regions in New Britain the contour trend follows the land form. 

The Kamdaru fault is well expressed in the gravity results, 
and a severe negative anomaly indicates a probable crustal depression 
in southern New Ireland. 
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APPENDIX 1 

SHIPBORNE EQUIPMENT 

The following is a summary of the equipment installed on the 
MV 'Coral Queen' and MV 'Lahara' for the survey, with Bome notes on its 
operation and performance. The on-board arrangement for the MV 'Coral 
Queen' is shown in Plate 54. 

Seismic profiling equipment 

The continuous seismic profiling equipment comprised: 

(a) Three Edgerton, Germeshausen and Greer, Inc., (E.G.. & G.) 'Spark­
arrays' Model 261 assembled in a single nine-electrode array trans­
ducer. 

(b) An energy source for the transducer made up from an E.G. & G. Mode1_ 
232 power supply, a Model 231 triggered capacitor bank, and a Model 
233 capacitor bank in numbers sufficient to give the required power. 
Generally an output of 1000 joules was used although the power 
could be varied from 2000 to 14,000 joules. At an output of 1000 
joules the firing rate was approximately every four seconds. 

(c) .An E.G. & G. Model 243 facsimile recorder to -display the continuous 
seismic profiles and control: the_ pl.'ofiling equipment. 

A Subot HYdrostreamer cable Model 24251 and associated depth and 
control unit Model 25643 manufactured by the Geotech Division of 
Teledyne Industries, U.S.A.. A. Geotech cable reel and winch Model 

--26110 were used to handle the cable. The cable had a 183-metre 
tow leader and a 12-metre active section. The active section of 
0.32 cm diameter oil-filled PoV.C. tube contained two sets of 
Geospace MP-1 crystal element hydrophones each spaced 0.46 metres 
apart and connected to two separate preamplifiers. One set contained 
28 hydrophones connected in parallel-series; the other six hydro­
phones were connected in parallel in the centre of the active section. 
Depth of the active section was monitored and controlled from 0 to 
10.7 metres with a pneumatic control system on board. The system 
had a frequency response of 35-2500 Hz and was designed for towing-
at speeds of 5.5 to 1804 km/hr. 

The nine-electrode 'Sparkarray~': was towed amidship on the 
port side (Plate 54). It trailed from a 1 metre long 5-cm hemp rope 
held by 5-cm reinforced water pipe 3.1 metres long pivoted at the hull, 
and a wire rope from a derri~k slung over the side. Under tow the array 
was about 1.8 to 2.1 metres from the hull and about 1.0 to 1.3 metres 
below the water surface. Even in the largest seas encountered the array 
remained submerged and no adjustment had to be made to the setup. It was 
impracticable to tow the array deeper alongside or from the stern of the 
vessel. The electrodes were replaced after normal wear, and were occasionally 
reseated in order to maintain the discharge at all of the three electrodes 
being used. One nine-electrode array was carried as spare. The heavy duty 
neoprene covered electrical connecting cable trailed alongside. 
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, E.G. & G. power supplies, capacitor banks, and triggered 
ca~acit;br banks were mounted in racks 76 x 84 x 162 cm for transport 
and installation. Five racks were set up in a bank on d~ck against 
the hat9h ,w~li on the P9rt side (Plate 54) and chained and braced ' 
into position. Individual units were interconnected to give two 7000-
joule sources i.e~ one operating, one spare. Maximum power of 14,000 
joules was used only over the Planet Deep, Traverse 17. 

on deck the equipment was exposed to the humid salt laden 
a~mosphere • . In windy conditions and sudden tropic rain squalls the 
problem of keeping the equipment dry increased. Although under a 
canopy and covered whenever necessary by extra covers, moisture probably 
caused the major breakdowns encountered. In any future survey it is 
recommended that a special air-conditioned enclosure would be desirable 
for the equipment if the vessel does not have suitable space for its 
operation~ 

Major trouble occUrred with the Model 232 power supply which 
supplied high voltage d.c. at 3500 to 4000 volts to the capicitor banks. 

Communications equipment 

: A Cciiiins high-frequency transceiver Model 185-4C including 
Type 180K~3 antenna matching network and Type 3148-4 remote control 
panel ,was instaile~ in the operations room. It was used to transmit 
the standard shot firing sequence and for general communication between 
Control at the Rabaul Observatory and the recording parties. A spate 
transceiver was carried on board. The equipment (about 16 'years old) 
had one major breakdown which delayed the shooting program one day. On 
this occasion, 2,April 1969, the spare unit did not work reliably. After 
repairing the transceiver it was too late to reach the next shot location 
of the prograIIi. 

Throughout the program recording parties reported that the 
signal from the ship was poor. Probably this was due to interference 
fr~m the shipis electrical system. This was in a poor condition and 
lacked suppression. Although the vessel had only just been recommissioned 
prior to the survey a complete rewiring apparently had not been carried 
out. Throughout the survey the ship's electrical system gave trouble and 
faulty circuits were replaced. It is recommended that if the contractor 
wishes to tender for survey of this ' natUre in the future he should ,renew 
the electricai wiring and add suppressors to different units to bring the 
ship up to survey standard. 

A frequency of 4525 kHz was used for general communications 
and 3164 and 6815 kHz for time signals from the observatory. The frequencies 
were recommended by the Posts and Telegraph Department, Papua New Guinea 
Administration. Field tests with these frequencies were carried out by BMR 
in November 1968. Generally the frequencies proved satisfactory during 
the hours of operation. in poor conditions signals were relayed but this 
did not affect the shooting program. 

Probably the use of a vertical antenna rather than the horizontal 
one installed would have given a better performance. However, this'would 
have necessitated extending the ship's mast. 
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Timing equipment (Plate 55) 

The timing equipment was used to 

(a) Maintain the common time scale for operations. 
(b) Initiate the detonation of the explosive charge at 

a predetermined time. 
(c) Accurately time the instant of detonation. 
(d) Time direct and reflected (and refracted) seismic signals 

from the explosion recorded by the 12-channel marine cable • 

.An EMIdigital crystal clock was used to keep accurate time. 
It operated from a 12-volt battery and performed reliably throughout 
the survey. It was compared daily with time signals transmitted from 
the observatory and its rate was maintained within 10 milliseconds per 
day. Comparisons were also made a short time before and after a shot. 
When poor conditions prevented either or both comparisons the rate was 
sufficiently small to permit interpolation between the daily comparisons. 

Observatory time Signals were received by an A.w.A. Ranger 9 
Model B33 portable radio. After passing through a filter Type STA3 
(designed by BMR) the time signals together with those from the EM! 
clock were displayed on the RS-4 oscillograph shot-firing equipment. 

Explosive charges were manually detonated at the programmed 
time with an South Western I~ustrial Electronics S.LE. Model SD-2000 
high-voltage blaster. 

After clearance was obtained from the Observatory a firing 
sequence was broadcast from the ship as a warning to record~g parties 
one minute before an imminent shot. The sequence consisted of a 1000-
Hz signal which modulated the transmitter from a tone generator programmed 
from the crystal clock. It consisted of: 

~~l (c 

Pulses at one-second intervals from one minute before detonation. 
A continuous tone from ten seconds before detonation. 
Interruption of the continuous tone at the instant of detonation, 
produced by a pulse from the high-voltage blaster quenching the 
tone generator. 

It was expected that parties would be able to record the firing 
sequence and so be able to check the shot instant with the time recorded 
on board ship. Several parties successfully recorded some shot instants 
but only when conditions were good. 

Seismic recording 

A 12-channel Vector marine hydrophone cable 183 metres long 
fitted with MP-8E hydrophones 7.6 metres apart, manufactured by Geospace, 
was towed behind the ship to record the direct and reflected (and refracted) 
seismic signals from the explosion. The Signals were amplified and 
displayed 'on an S.I.E., RS-4, 13-channel direct-writing oscillograph. 
Ten channels were used for seismic signals and the remaining channels to 
display the observatory time" signal, the EMI clock Signal, and the firing 
sequence Signal. This arrangement allowed accurate comparisons to be made. 
However, interference from the transmitter marred the quality of the 
recorded observatory time signal except in good conditions. 
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Decca navigation system 

Amalgamated Decca Surveys Pty Ltd supplied one AM Hi-fix 
chain comprising one Master and two Slave stations, to locate accurately. 
the positions of 17 explosions at seae The Master station, comprising a 
transmitter, receiver, antenna, and ancillary units, was installe.d and 
operate,~ on board by an engineer. 

The 10.7-~etre high 6.4-cm, diameter tubular alloy mast had· 
to be erected on a special base at the prow of the vessel. Originally 
it was . mounted ,on the upper work area used to deploy the marine cable· 
and firing line. Tests with a meter indicated 'that ' the induced R.Fe 
current in the firing line was about 0.10 ampere and it was considered 
that this constituted a hazard (S.A.A. Explosives Code CA23-1967). Six 
metres from the mast the induced current could not be detected with th~ . 
meter. At the prow the distance between the mast and firing line was 
about 21 metres. 

Several breakdowns of the Master transmitter which occurred 
were due to moisture •. ' The transmitter had to he placed in an exposed ' 
position at the base of the mast, and although it was enclosed as far 
as practicable in waterproof covers, moisture penetrated into the unit. 
These breakdowns did not delay the shooting program. All the other units 
were mounted in the bridge. 

Frequently the Hi-fix system required recalibration. This was 
due to two main c~uses, namely the influence of natural electric storms 
and interference arising from the ship's electrical system. The first 
cause is inherent in the Hi-fix system but the second cause, already 
referred to regarding communication equipment, proved more troublesome. 
About two days were lost in the shooting program because of the necessity 
to recalibrate the system. 

Power supplies 

The primary power source for the equipment installed on the MV 
'Coral Queen' was a skid-mounted three-phase 415-V, 25-kVA Pumalux 
generator driven by a Paxman diesel on loan from the Papua New Guinea 
Administration Electricity Authority for the surveYe It was mounted 
on the starboard deck against the hatch well braced in position and 
protected by a canopy. Twice, seismic profiling had to be stopped to 
carry out serviCing to the generator brushes. The unit was replaced 
wi tha similar unit on 23 April 1969. The second generator failed on 
13 May when the rectifier supplying the field current burnt out. After 
replacing the rectifiers the generator worked successfully until the end 
of the survey. 

A 1.75-kVA Lister generator was mounted alongSide the 25-kVA 
generator. Its main use was to charge the batteries for the Hi-fix 
equipment and other battery-operated eqUipment. 

A Hewlett Packard power supply Model 6269 was used for the 
Collins transceiver. 
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Batteries used for the RS-4 oscillograph, EM! clock, and 
other equipment were trickle charged. 

Magnetometer 

The Elsec type TD magnetometer detector head trailed astern 
of the ship on the port side. The maximum separation of 160 m between 
ship and 'fish' was maintained in all traversing. Probably as a result 
of pulling in and paying out the 'fish' daily during the later traverses 
twisting of the cable became very severe. Fortunately the cable did not 
break internally during use but it is suggested that for future work the 
'fish' should be redesigned to achieve a better ~drodynamic shape to 
eliminate cable twist. 

Radar 

The Kelvin & Hughes radar worked satisfactorily until Traverse 
22, when the main display decreased in intensity and bearings were 
difficult to obtain. No replacement could be obtained immediately and 
it was necessary to finish the traversing with the radar in this condition. 
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APPENDIX 2 

PREPARATION p iIANDLING, AND DETONATION OF CHARGES 

Explosives 

The explosive used was TNT · paokedduring manufaoture in 
thin sheet metal oans 23 x 23 x 28 ·om, each weighing nominally 23kgo 
Each can had a small hole capable of receiving one I.C~I. seismio No~ 8 
deton~toro Rough1y .half the number of oans oontained $ primingoharge 
to assist detonation, the others were unprimedo The primed oans were 
colour-ooded red, the ~primed cans blue. 'Colour-ooding proved useful 
for the na.tive orewmanhandling the oharges from the magazine when . 
p~epari~~ aoharge 0 . . . ... 

Stor8.ge 

. '. On board ship the explosives were stored in a wooden magazin.e 
approximately 600 x 30b x 204 metres specially built in the main forward 
hold for the surveyo Detonators were stor.ed in the Captain's oabino' 

LaUilo hing 

Prepared oharges were dropped overb,oard at the stern of the 
ship using a speoiaily oonstructed ramp and sliding platfo1'mo The ramp 
oonsisted of six steel rollers 1002 cm in diameter set in a franie whioh 
proJected about 1 metre over the stern of the vessel o The platform was 
7-ply wood approximately 103 x 103 metres normally held by a ohook on the 
ramp 0 To launoh a prepared ~haig~ the ohook was released and the platform 
and-netted'oharge gently rolled fOrWard o At the' enq, of the ramp the . 
platform tilted and the oharge slid off irito the . seao Later theplatf9rDl 
was' r 'eoovered with the aid · of two permanently attached ropeso ' The 
vertical drop from' the ramp ·to the sea was about 5mo 

Buoys 

' Charges were detonated at a depth of 90 metres o This was 
achieved by suspending the netted charge by ,a suspension rope .from a 
buoy 0 Polystyreneblooks 56 x 61 x 81 cm formed the basic buoy 0 A. 
block this size' rule 'abuoyanoy of ' about 250 kg and is capabl~ of .. 
supporting ~ 36O-kg chargeo To ensure buoyanoy and · provide' sufficient 
freeboard for larger charges, buoys with two or three blockswere . .usedo 

A steel post passed through the oentre of the polystyrene blook(s)o 
One end was fitted with a steel ring to attaoh the suspensiorirope~At 
the other end me.tal plates · at right &ngles to each otherwere~ttaohed to 
the steel post to aetas' a radar refleotoro A reinforoed metal pla~~ 
5b xbl om was 'bol ted to the . steel post abOu,t . midwavr between the endso ; . , 
Cemented by Araldite L0135 to this plate or eaoh other were"the polystyrene 
block(s)o Polypropylene rope with a breaking strain of about b80kg 
was used to suspend the charge from ~he buoyo 

Handling nets 

Nylon nets of either 30 0 or 307m diameter were use.dto contain 
the larger charges 0 . Small charges de'tona:ted in ' Simpson Harbour wera . 
lashed together wi th polypropylene ropeo . . 
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Firing line 

Charges were detonated using a firing line between the ship 
and the suspended charge. The line was 7/0116 twin twisted polythene­
insulated nylon-sheath D10 field telephone cable in nominal lengths of 
900 metres. Although attempts were made to keep the firing line length 
to 900 metres, prevailing conditions often prevented this. Generally 
about 1800 me'tres of line were used for firing but the length in the 
seawater was kept whenever practicable to a minimum. 

Preparation 

A net was laid out on the launching platform and the number 
of cans of explosive required to make up the charge were stacked on it. 
These were lashed together firmly with polypropylene rope to obtain as 
close a rigid packing as possible. Whenever possible, cubic packing or 
as close to cubic packing as possible was adopted. This eliminated 
misfires. The net was wrapped t~ightlY around the cans and firmly tied 
at the neck. One end of the polyprop~l~n. - rope was tied firmly to the 
neck of the net and the other to the ring in the steel post through the 
polystyrene block(s). 

Three detonators in parallel were inserted one each into the 
holes in three different primed cans in the packing and held inside by 
heavy plastic insulating tape. The short-circuited firing line was 
joined tp the detonators and tied to the lashings. It was very important 
to ensure that the firing line was tied firmly to the packed charges but 
was free elsewhere. 

Launching 

About 10 to 15 minutes (depending on prevailing sea conditions) 
before the scheduled charge detonation the buoy was trailed at the ship's 
stern and a free running loop between buoy and charge was created. The 
launching platform was gently rolled to the edge of the ramp and the charge 
slid off the platform into the sea. Instantly the firing line was quickly 
pulled out from a free running layout as the charge sank quickly in the 
water. Simultaneously the suspension rope was being pulled out and after 
about 30 seconds the buoy freed. The buoy and suspended charge soon 
reached equilibrium and the ship steamed slow ahead with the firing line 
being payed out. After the initial rush it was possible to attach coloured 
polythene bags to buoy the firing line. This assisted observation of the 
position of the buoy and later the recovery of the firing line and buoy. 

Detonation 

The ship was positioned at a safe distance from the charge and 
just maintaining way a short time before the clearance to detonate the 
shot was notified by Control at the Rabaul Observatory. Once this was 
obtained the, charge was detonated manually using ,an,S.I.E. High Voltage 
Blaster at the scheduled time registered by the ship's digital clock 
which was synchronized with the Observatory's clock. 
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Party Locations 

Stages in 
brackets 

2 

Ulu (1) 
Hoskins (2) 

Nonga (3 & 4) 

1 

Feni Is (1) 
Kardran (2) 
Raluana (3 & 4) 

4 

Doilene (1 & 2) 
Kabanga (3) 

Ulu (4) 

5 

Pondo (1 & 2) 
Vulcan' (3' :& 4) 

, '11 , , -

6 

Manga (1) 
Talasea (2) 
Ravalein (3) 
Kalenurata (4) 
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APPENDIX 3 

SEISMIC REFRACTION EQUIPMENT 

Geophones wi th 
configurations 
shown opposite 

locations 

Twelve 
2 Hz geophones 

Cross 
L shape 

CroBS 

Twelve 
3.5 Hz geophones 

Cross 
L shape 
Cross 

Six 
2 Hz geophones 

Six 
2 Hz geophones 

Twelve 
4 Hz geophones 

Three 
1 Hz geophones 

Double armed 
Cross 

Recorder Paper Time Marks 
Speed 

S.I.E. 15.2 em/sec Rabaul Observatory 
time_signals via 
radio and 1000-Hz 
fil ter 25 channels 

S .I.E. 
Amplifiers -

Plus 
10 millisecond 
internal time niarks 

S.I.Eo 15.2 em/sec Rabaul Observatory 
time signals via 
radio time signals 
and 1000-Hz filter 

25 channels 
S. I.E. 

Amplifiers 

S.I.E. 

PRO-11-6 
S.IoE. 

Amplifiers 

S.I.E. 
PR0-11-6 

S.I.E. 
Amplifiers 

PlUB 
10 millisecond 
internal time marks 

1002 em/sec Rabaul Observatory 
time signals via 
radio and 1000-Hz 
filter 

Plus 
internal time marks 

10.2 em/sec Rabaul Observatory 
time signals via 
radio and 1000-Hz 
filter 

Plus 
internal time marks 

University 15.2 em/sec 
of Hawaii 

Rabaul Observatory 
time signals via 
radio and 1000-Hz 
filter 

Plus 
internal time marks 



Party Locations 

Stages in 
brackets 

Geophones with 
configura tiona 
shown opposite 

locations 

7 Four 
4.5 Hz geophones 

Ulamona (1 & 2) 
Kurabubail (3 & 4) L shaped 

Three 

Palmalmal Straight line 
(1 & 2)only) 

8 Two 
1 Hz geophones 
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Recorder Paper 
Speed 

Time Marks 

S.I.E. Rabaul Observatory 
time signals via 

12 channel 15.2 em/sec radio and 1000-Hz 
filter 

Japanese 
Visicorder 

Brush 
4 channel 

': t ,ouVsec 

5.1 cm/sec 

Plus 
10 millisecond 
'internal time ma.rks 

Rabaul Observatory 
time signals via 
radio and 1000-Hz 

. filter 

Rabaul Observatory 
signals via radio 
and 1000-Hz filter 

Party 18 during 
stage 1 ~ 

Lamborn Is (1) 
Bialla (2) 

152 metres apart DTM TR-2 
152 metres apart Amplifiers 

Burma. Rd (3& -4)' , 

9 
Kavieng NOT RECORDIN.G. 

10 

Natava (1 only) 
2, 3 and 4 
see party' 13 

11 

Rapopo 
(1, 2, 3 and 4) 

12 

Willmore Mark II 
Vertical 

Three Willmore 
Mark II one 
vertical 
two horizontal 

Powell Harbour Willmore Mark II 
(1 & 2 only) Vertical 

13 
Boany Is (1 only) Willmore Mark II 
number changed Vertical 
to .10 for 2, 
3 & 4th 
Lindenhafen 2 
Praed Pt (3 & 4) 

E.R. 230 3 mm/sec N.C.D. 2 corrected 

Mid-Western 8.33 mm/sec 
OSCillograph, 

BMR 
Amplifiers 

to Rabaul Observatory 
before the shot 

Rabaul Observatory 
via radio and 1000-
Hz filter 

PluS 
20 millisecond 
in ternal' time'. i:Darks 

, I 

Willmore 3.05 mm/sec B.M.I. crystal 
clock, corrected 
to Rabaul Observ­
atory before the 

, . shot' 

Willmore 3.4 mm/sec Rabaul Observatory 
via radio and 
1000-Hz filter 
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I Party Looations Geophones with Reoord.r Pap~r Time Marks 
oonfl~ati()J?s I Slleed-' 

stages in shoWn 'opposite 

I br~okets loc8.tion~ c , 

14 

I NarWil (1) Wl11~ore Mark II ' Willmo~e 304 -rmiJ/aeo Rabau1 Observatory 
BUlu Mari (2) Vertioal via radio and 
Watem Is (3) looo:.,.Hz f11 ter 

I 
Nordup (4) .. -

I Party Looationm Seismometer Reoorder Paper Time ~ks 
Speed 

I 
stages in 
braokets ' 

15 

1 Nissan Is ~illmore Mark II Brush 506 rom/seo Rabaul Observatory 
Shots 1- 5 Vertioal via radio and . ,,--

lOOD-HIil fiiter Tol Karlai 

I Shots 5-l2A 

C.R.A. (2) 

I Tavui (3 & 4) , , 

16 

I Pakia (1 & ~) Willmore Mark II Willmore 304 mm/seo Rabaul Ob'servatory 
Vertical vi~ radio and ' 

Vinakakar iO~Hz fnter 

I (3 & 4) 

17 Tvo 

I Au' una (1& 2) Willmore Mark II Willmore 304 mm/seo . Rabaul Observatory 
one vertioal via radio and Mt Varzin (3 & 4) one horizontal lOOQ:-Hz f~lter , 

1 18 

Party 8 during Willmore Mark II Moseley 304mm/seo Rabaul Observatory 

I stage I Vertical via . r~ioo No 
I()()()"'Hz .fllter 

Kamdoru (1) 

I , Vitu Is (2) 

Malupau (3 & 4) 

I Parties 18-24 Benioff Heli.;. ~ 3,,0 mm/seo ' Rabaul ,Observator.y 
Vertical oO,rders, direot 

Qeoteon . ~--

I 'Amplifiers 

. \ 

I 
"_._-. ..:--- -
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List of scientific personnel engaged in New Britain Crustal Investigations 
1969 

1 •• Qperations H~adquarters and Control 

W.A. Wiebenga (Party Leader) 
G.A.M. Taylor 

2. Geological Field Party 

R.J. Ryburn (Party Leader) 
D.E. Mackenzie 
R.W. Johnson 
C.E. Marfi 
J.G. Binnekamp 

~. Gravity Survey Qperations 

4. 

5. 

6. 

B.C. Barlow 
R.J. Harrison 

M.V. Coral Queen 

P.E. Mann 
D.M. Morton 
D. Tarlington 
V. Ingham 

M.V. Lahara 

G.F. Hart 

Refraction Field 

A.S. Furumoto 
F. Campbell 
E. Harvey 

Murphy 
J.F. Webb 
J. Curtiss 
E. Laudon 
H.A. Doyle 
E.J. Polak 
J.A. Brooks 
J.R. Wilkie 
I.D. Ripper 
E.P. Paull 
J.B. Connelly 
G. Cifali 
R. Heming 
M. Mancini 
K. Jurello 
R.J. Whiteley 
M.S. Jones 
M. Ciszek 

Stations 

Organization 

BMR 

" 

BMR 
" 
II 

II 

" 

BMR 
II 

BMR 
II 

" 
Dept Interior 

BMR 

H.I.G. 
" 
II 

II 

Q1d. Univ. 
II 

A.N.U. 
II 

BMR 

II 

II 

II 

II 

II 

-, 

-::. -< •. 
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REFRACTION ARRIVAL LISTING PROGRAMS 

'RCSPDATA' AND IGRApLOTY 

. Program RCSPDATA. was written to list the data shown in Table 2 
from the followingfprmat which allowed a maximum of seven arrivals per 
station per shot per,:' card~ 

A = alpr~betic character 
a = alphanumeric character 
D = digit 0 - 9 
• = decimal point 

Card Colunms Information Code 

1-2 
3-4 
5 
6~11 

12-16 

73-80 

Station number 
Shot number 
Shot qualification A9 B, or X 
Shot distance in km 
Shot-to-station azimuth in degrees, 
clockwise from north 
Up to 1 arrivals each occupying 9 colunms, 
remainder blank filled 
Where a = component of motion, 
for example Z (vertical) 

H (horizontal) 
T (transverse) 
R (radial) 

DD.DD = travel time in seconds 
A = arrival quality A, B or C 
D = accuracy code 1-4 

Station nameo Up to eight characters 9 

remainder blank filled 

DD 
DD 
A 
DDDeDD 
DDDeD 

aDD.DDAD 

aaaaaaa.a 

Plate 52 comprises a flow chart which is self explanatorye 

A program GRAPLOTT was written using RCSPDATA as a basis, 
this plots travel times as shown in the examples, ·viz. Plates 59 6, 7" 
Plate 53 contains a flow chart for this program, a listing of which 
also follows these notes. The first part of Plate 53 is the same as 
Plate 52. 

The data deck structures are as follows: 

RCSPDATA. 

Up to 1296 cards with the format given in. the first chapter 
of this appendix can be accommodated. · The deck should be assembled in 
sets of cards, each set relating to arrivals from one station whose name 
need only be specified in the first card of the seto Then follows an 
EOF card and then two sets of cards containing, respectively, shot depths 
and water depths in format 16 F5.3. 
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iftle deokis terminated by an EOF card and an EOD card. 

GRAPLOl'T 

Arri val data and water connexiori data are used in compHation ' 
in the same manner as in program RCSPD~A. 

GRAPLOl'T requires the 30-inch Calcomp plotter. 

Plot specification data. 

One card containing the following data is placed immedia\ely ' 
after the water correction data. ' 

~. This is a southerly azimuth 900 ';"2700 whioh speoifieda line of 
shots and stations to ,be plotted. 

AR. (0-90) gives the range of azimut'hs (about SA) in which arrivals will 
be plotted. 

§!t is the stage number. the arrivals of which are to be plotted. 

EX' is a control number. If PY =Z a new graph page is taken for 
plo:tt,ing all arrivBls at anyone station or shot. If Py = I all 
arrivals from every shot or station specified are plotted on the one 

j . " 

graph page. " 

!:!.2ll: if Py co I and AR = 90 the plotted points will ~ot be labelled. 

' IACI This determines if I or J values are to be fed in the data. If 
IAC = I then arrivals from stations at specified shot. are to be , 
plotted. If lAC = J arrivals frOmsho~s -at specifie~ i stati,ons are .l 

plotted. 

Card Format I SA AR ST Py lAC 
(F,.O. F2.0, F1.0. Ff. .0. A1) 

J ( or I) data deck 

Depending if lAC = I (Shot) or J (station)~: a series of data 
cards each contain:i.ng one shot or station number. at which arrivals are 
to be plotted. follows the plot speCification data. When each ,J (or I) 
is read, arrivals from all I (or J) are checked and plott~d if they Jal1: ' 
within the azimuth limits. ~ 

, , If J (or I) , is, specified to be 99 then a new plot specification , 
card "follows immediately after the 99 card and new J (or I) data may follow. 

An EOF card must follow these data even if no J (or I) are 
Specified. 

Card Format. (1 2) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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(I, J) data deck 

When the EOF card is read in the J (or I) data deck, further 
arrivals between specific shots and stations may be plotted on the same 
graph as the preceding J ( or I) plot. 

The shot and station required are specified on one card, with 
I firsto The data card has the format (212).· 

If I is specified as 99 then a new graph page is taken and a 
new plot specification card is required. Then J (or I) data and/or the 
(I, J) data may be fed in as before o An EOF card must follow the (I,J) 
data deck even if no (I,J) are specifiedo An EOn card follows this 
last EOF cardo 

Notes: 

For first arrivals - A quality arrivals are denoted by an 
X within a Circle, B andC arrivals are plotted as Xo Error bars are 
drawn through all first arrivals. 

Any arrivals later than 60 seconds are not plottedo 

The distance axis is self-adjusting between stages to allow 
for the greater distances in stage 1 and 20 
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04/11169 

OROGOA~ RCqoOnA 
o I ~E"S I O~ ~lTR 154.24.91. ~AHE 1,4.24.2 I. IQ('4. 24.22;. AI 22;'.Hiao I. 

lHl1101 
TYOE I ~TEG~q A 
rYOE 9YTE,j,61 la.~ 
CQ'4MON LI'IES.'IN,tt,'4,I,J,IO, •• N.L 

~lQ' rOQHAT (12,~~, "'1. F'6.1,r,. i, 7( Ai ,r5 ,,~,A:i.:U' "un.. . , 
III rORHATlj STAOE S_OT O~RTY ,LOCATION ' DELTA 

1 AZIM'JT" TH~=L TI~E COMP ~EHUKlol 
112 rORMATI5lX.~"K~.27X.3"S:C) , 
113 rO~MATIIH8.5~.11.9("2) 
114 rOR~ATIIHe •• ~.11.6(.4"T:'fl 
,H' rORHAT it" •. Iex. 7X I 2. 7XA5,.7XF6 .1. exr'.ll 
116 rORMATI IOBw.4HOOOD.2W.111 
117 FOqM~TI' 108x.4HrAIR.2X.ll) 
118 rORHATI t08X.4H OOoo.2X.lll 
119 rooHAfIIH'.!OX.F~.2.11X'I.IOXI 
120 rORHATIIH •• <'.2~11XA\.ioXI 
121 rORHATC\H';18XI 
122 rOOHATII" •• 17X.AI) 
123 rORHATll0e'.H .2 •• 111 

1'4 rORHATI' ,iATIO~ L'CATIJ~ OMITTED FROHriRST tARD~j 
12' rORHATll0UI 
126 rORHAT, 1121 
127 r,ORHAT,CA8) 
128 rORMATIX;F'.21 

'129,rORHATI3x.r'.1I' 
130 rORHATI~X'AU 

'131 rORHATI2X.12) 
IU rORHATC5x.r6.2.n.2) 

._133· rORHAT.13X.<,.lI' 
134 ,rOq'MATCA1) , 

, 135 rooMATI6X.,AII 
'136,rORHAT17X.I{) 

137, rORfuTI1101 
Ea~IV~LE~CE IH.HII 
I ~O, 
L·l 

896 1~I.i 
READ 12',(.' IKi '~'l.iol 
READS ARRIVAL CAoO 
IFIEor.6019n3.897 

, .. B97 'DECODEI2.U6.H'jI1l1 J 
DECODEI2.1!I.HIIIII II 
LL'II 
OECODEII.130.HI111I,AI221 
CALL TEST 

c 
c 
C 

194 

A9B 
19' 
~99 
900 

902 
903 

90. 
90' 

906 
907 

908 
909 
910 
911' 
912 
913 
914 

915 
916 
917 
91B 
919 
920 

921 

922 

923 
930 
924 
925 
926 
927, 

10 II; 
NA~E( I.J.2hLL . , . . 
ARRIVALS.DELU~.AiIHU,THS I~ ARRAY, nATR 
STATIO~ LOCAT10N.S"OT ~J~BE~ I~ ARRAY NAHE 
COHPONENT.~UALITY.ACCUR'CY.SHOT LETTER IN ARRAY IQ IN SiNGLE BYTSi 
DO 894 ,K''';7 

Kl.K.e S 1~C1.J.~" MIK1'91 • IQCI.J,~.1'''MIKt.i:,i 
DEcODEI'iI28.Hil~'21IDATqll.J.KI 

I Q( 1.-J.I(.l.) .H( 16.~t' 

ICc'I.J.22lo "'" 
DECODE I 16.'32; ""111 DAT~i I. J. e I. DATAl I iJ.91 
nECOOEle.127.H'ltOII~LO= 
1~IN~OC.EC.6060606~606D6060Ble9B.900 
'IFII.E~.l .OR.L.~E.JI 8~'.B99 
PRI~i 124 s, RO TO 929 
N'~ECI.J.l"~A"ECI-t'.J.lI ',I ao TO 902 
NA"EII.J.lioNLOC 
L-J . 
00 TO e96 
LI ~ES03 • JJol 
O~INT 111 S PRI~T 112 
DO 929 101.'4 

't.·t 
,no '929 ~.{,24 

"I'" I Q Ii. J. 22 i 
nECOOEII.130.HlI1JIA~221 

, 1I.~A"ECI.J.2,i ,-
I r I'DATR I I. J.'U. L Ti;.1i'U) 
l'III.LT.131 908';90,9 

NoSTADE N~:~e,R sa6 rli,:~l,4 
.I r l'IJ.LT.2el 910.911 
"No,~ , ",S ,00 ro'V14 
1'1 lo.'.~T.4.u" ~U;9U 

< ,N~3 .. '<"I,'.ao'"'' 91' 
~".'. 
CALL COUNTtl N' 
CALL COUNTLl~ 
LOO 
IF I I I. EQ. 0,,1915,. 916 

, P~ l'ljT".1t4. ~ S 00' TO 917 
, ,PR 1~t":\'jJ! Ni II: 

1<1 Al221.E?lHXl' 918. 919' 
pq 1 NT 121 ' ,S '00 TO 920 
PRI" 122.AC221 
N\hl' - -
0' 929~'1.;, " 

,lr,IDATRII.J.KI,lT.:'Oon 
Kl.k-a . '-r 

HIKt'9iioIQI.I.J.KI I "'<1>UJoIQCI.J.Ko7I,1 
nECODEII.U4.HlIK.2I1AC'<1 '~,' 
DECODEII.13,.HII~.21IAI<·71 , 
OECODEn.U6.Hli<.2I1A«'141 ", ' 

" ' IrIN~.eQ.OI 923.922 , , , 
NNaO. SECO~n AND SJBSEQJe~T'AQAIVALS PRINT ON'NEWLlNU', "" ' 
NN OI. rlRST ARRIVAL EAC~ S~OT PRINTSA"eLINE,ASSHOT~ST~T10N'DATA::' 

ORJ NT, 1U. J. NAME II. J.1I; DATR II. J. B I. DAT,R II. ,J. 91,' , 
.. N·O " ."'"... __ . '.. ' ~. 
ORINT 11~.DATRII.J.KI.AIKr, I GO TO '24" 
CALLCOU~r,LIN '1IFINN.EQ.11922.930 ',,_' 
ORINT 119.0ATRCI.J.KI;lIKI 
,Ir CA I K.7,. EQ.1~"1925 .'~6 
PRINT 116.A(K'141 sao, TO '2'" 
IFIAIK.7l;ea.1HB'927.92B" , 
PRINT 117.ACK'141 S GO ,TO, 929 

r:.., 
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021 
- '931 

" 32 
929 COH I N·.IE 

~Nn 

".,' 

I' (AI~'71 • EQ.1NC 1'31:,0;'1--
iqlNT iU.lC~.i41 , : 0'0' TO .... 2F 
oRINT \23,,(W'141 

-" 'U~ROu.rl~i: TEIT '.' " . " ,,' . . ,"" 

. g~:~~~ I O~ I ~~~ ;:~;! ~ 2;; ~':2m~i m 
~~!!~i~r·!6!0~i~ ,,,/11 .!iill .i'ill 'Wli • nill . iao TO , 
I' III .. . aT. 61J.4 
WK"" 12111 • 11/11 00 To' , 
1'·(II.ED.6i •• 6 · ' 

• WK., S ,OJ TJ 9 
6"'III.OT.21 '.1" 
, WK'9' ./11 '.3111 , 00 1) • 
8 KKo U • I! • 1112 . , 

.• JKoO I Ir, IlCl21.IQ.l~" JKol S Irll(2tI.EQ.1H9\ JW.2 
00 TO Cll,t,.t"t3,1!,14.1',t',t'.16,1,.t7, WK 

. 11 II'I!' 7 "00 TO'lL 
12 II~II. ~ " JW S 00 TO II 
II II' I! ~ " • Jo( s' 00 ; 0 II 
16 II'I!. 6 • JK I 03 TO LI 
nil'''' 3 • JK I 03 TO ' U 
16 , II'I!' 2 • JK ' I 03 to U 
17 II'JK 
18 CO~T I HUE 

OETUO' 
'.n 

!U~ROUTI.e COUNTLIN , , 
C·O. "4~ON · LI'i~~."N'lj.~.i ~·j;tQ,I,M·.L ·· 
~1.E.S10~ 1)(".26.nl.lCnl.~ClOI 
TYoE BHE'II" I~.' . 

. ;' 

TYPE I "EO~" • 
~OO ,o"."i.\ · ShOE SWOT PARTY LOCATION 'O!LTA 

. _1 . ' . '21"~'~ " TUi!L TI~e CO" .. 'E~AA~I" 
101 rO"."15lX.'-.K'.Z71.3~t:CI 
013 ' rO'.'TI'~I., •• 11.9 •• 121 
02i ~O~"'Tll"'.II.' 
022 ' rO'~Hl\w''''X''lI 
.023' iO""i', C7 •• " ; 

~: ~~ ~~~~ ~~:: !~i anz; rici6 ' 
~02 LI~E~.J . 

' I', E~D ,.o~ PRINT ,wUOho.rrUT ~'L' or UTA LINE 
'RINT 100 
PR ,INT ' IOI 
Ir(L ; El;ll.n,.ao~ 

ito, PRINT , oU.~.1I ' 
Ircai21l . e, . lIlX, · 803.804 

103 PRjNT 021 I . 00 TO lor 
~04 'RI.T 022.-"221 ., 
RO' •• ·.1 
106 : 'ETU'~ 

e.~ . 

". " . 

.~ .. 

3 .. 

: ; < . " 
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10/03170 

PROGRA~ G~A'~DTT , ' 
DI ~E,~S I DN OAtR 154.24. Y'. ~4MEI'4. 24',2' .10"4,24,22', AlU, ,MI 80', 

lMlI10';SI54,.DI54", ' 
TYPE ,BTTE5116' IQ.~ 
TYPE I ~TEG:~ .. 
CO~"ON , NU1~, A. '4, I Q, AS~ .• ST • J 81 • SA. loA, pY f lAC, II • I , J, 1( ••• T , ', TN 

124 rORM4TI. STATION ~OCAIIJ~ OMITTED rROM FIRST ' CAROol 
125 rORMA Hl0H I 
126 rOR"4T 1121 
'127 rORH4T1A81 
12~ rORHATIx/r'.21 
130 rORHATI4X.4ll 
131 rORHATI2X.121 
132 rORHATI5X,r6,2,F'.21 
134 rORHATlU' , 
135 rORHATI6X,411 

'136 rORHATI'X.11' , 
328 rORHAT ir3.t,r2.0.rl.0"t.~'41) ,' 

, JJI rORHAT 1212' , ' ' 
" 20 rORMATI16r'.3' 

c, 

52t rORM4Ti16r5,31 
EQUIV4~ENCE, (M,HlI : 
10 0 ' , 

, LO l 
, .y o l.52 

y IS YE~OCITV IN W41EH 
"04.00, ' 
" IS : REP~ACE"ENT VE~OCITY 

8g6 10 .. '1 ' 
READ 125;1~IIK,.(01'101 
A~IOS , ARAIVA~ CARD, 
IrIEOr,6~lg63i8g1,' 

8'gl OECOOEI2;1'26,M!11J1 J , 
OECODE(2;t11,Hl(111 II 
LL-n " ' 
OECOOEI'Ii1'31i,Hliul 'AIUI 

CAL~ ~esr , ' , 
TEST ' ASSIG~S PSEUDO 5HOT , NUMSERS ro k~DN ' ro'R "AHO ' i " S'HOTS 

lOll 
N"MEII.J'2'0~~ , 
4RR ,IV'~S;OELTAS.4ZI"UIHS IN 'AR'RAY OAtR 
STArIO~ LOC4TION,SHur ~U~dER I~ ARRA' NAME J 

C 
.C, 
C Cil"PONENT;JU~LlTi.4CCU~4Cy"S"OT ~ETl6R IN , ARR.y 10 IN , StNQ~E BVT&S 

00 aU ' Kol,7 . , . ' ' ,, ' 

C 

C 
C 

S98 
,egs 
,893, 
., 

:899 

S'92 
'900 
902' 

903 

Kl 0K'S 'S ' IOCI'J,q' "IKi~H Ii IQel " J,Ko7l.M(Kl~151 
DECODE I 5a2S,H! I K.2 IlUURC I, J,K I 

.. 101 I.;J'K.14I a HI16.KlI" 
1011 i~,22I- "Hi" , ' '.. .. , '" , 
DECOOEI 16 ,1l2. Hlf 11' DATRI I, J. II i04TA I I ,J, 91 
DECODE C S';t27 , HI I 10 I , ~\,;O ': 
IrIN~OC,EQ.6060606060506~'bBI191.90' 
Ir.1I :EQ.l ,O~.L. ,~E.JI '5,H.e93 
PRINT 124 S ~o TJ 9lg 
.11 0 1 "1 

N.HEII.JilloN4.EI11,J.1' 
IrIN4MEII.J.11.EO.01892.g02 
Jl-11 J l S QO TO ,899 
~AHEII.J"llo~~OC 
~-J 

GO TO 896 

JJol 
, RE40 ' 520;CSI~I,.~lol,'4' 

~E:~ T~~l ~m~ I t ~~;¥, ~:~TH 
00 92g j-l.,. 

, DO 929 " J ol,24 
00292g "Kol.7 

, ' I FCO.U( I, .i'~' ; ~ T' •• 00'1' , 2929';9'2i 
OATRfI, J. K 100ATRr'I,J, K 1-5( IIIY-DI IllY-DC IlIW 
co>iTINue ' , 

CO~TlNUE 

C ' PLOTTINO ,or URIVAL 04TA 
C 

e 
C 
C 
C, 
C 

,RHD 328. SA. 4R, sr,.;oy, U: , : , , 
SA SOUT~ER~V AZI~urH 4~ RANGE or AZI"urHS ST STADE NUMBER 
14eo( I OR J, .OEPE~US' O~ UAU TO BE', FED: I~; 
If PY o 2 rEED I~ JIOR':I' , VA~ui;S" ,QIYI:S ,NEW' PUS fOREAtH ,JeOR II 
If' Pyol fEED IN JloI' Y4~UES , P~OT . , DN SAHE PAQE FOR , AL~ ,'JC,II 

' DArA-Tr.eor.eORReerI0~.4ZIMUT"S ' ETt~J ~1IT.EOf,IJ LIST,EOf,OEO 
382 ' CONT I NUE , ' , , , 

ASI'hO 
ATNoD , , 

131, If J~'-I I ' 346,342~ S42 
342 ' I~ 114C.EQ.lHJ, 343,341 
343 RBD 1l6;J ,' , Hleor,60' 34,,]9 , ' 
341 R~40 U601 :, S 1~IEor '.6DI ,.',11 ' 

39 IF CJ-g91346.133,J46 
38 IF ,1I-gli,40g.13J,409 

'409,Jlhl .. S" JU o l S QO,TO 341: 

346 QO ' to, 1323,3J'.336.331.3381,sr01.: 
335 · JlAol' I JU'16 S QO · TO ' 340 ' 
336 Jlh17 S, Jla.;ji S '00 10 340 
337 'JIA032 S :Jla047 , GU, 10, 340 

' .~' ~ .. 

,, 338 Jlh48 S .. JIB'54 :, QO la ' '40 ' 
400 J14.1 S JIBol , 'JJAOJ ~5 jJsoj Q6 r. 3~4 
340 JJhJ I JJaoJ, S GO fa 344, 
34B , JJhl, S , JJB024 ' ' 

344 DO ., 323' JOJJ4; JJ9 
DO 323 IOJIA;JI9 

HI"'IOCJ,:J.22I ' , .. ' 
,o~eOOE " (l ',130.~l'll"41221 ' 

IF CAS~,-lI 29.28,28 ' 
C' 

'29 tA~l oins , 
, C , , AXIS Dq4"! ONO L4BE~S 4(ES ' 

.. ; 

" 

' " 

,' , 

>. , " 

: ..... . ~ .. ~~ .. 

.... . / ..... 

... . ' . 
.,;' ..... . ~ ' ", ; 

, ', ' , ' 

" 

" ", 
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\158188 

e 

c 

80 DO U, ~.I.' 
UanUII CI.J.4, 
II ".u .. oon",.", 

e CHere '0 sef " gW,1 " I~ A"AU'" aA~o, 
IIJ .'.0'11I1 •• J.9, 

l·cAr.l' •• ~'II.;1 
n U.ll.lao 
U CU""'IUf 

.. ··s.·uo 
,tC".31.C,.·lo,.I.U •• ,.Lr.IOAoAQ •• ,a4.,ag 

324 '.'D'I~I'.J.'" , 
C I~OT' 10 ~"TM n' IIAI',. a'_, PO,"IYt O'I'ANC~ 

liD 10 "' I" ""'.01.111'1', ••• o.AI.Lr"~Q.4Q,.a.o.lla 
116 ' •• "ITet •• J.B, ' 

" 1111 eo." ~"f 
" CI.~'."'3f'.I'D 

BOA CO"'''JE 
CIll 'lOr 'I.'." 
IIla,·a 

IIliu". 

AI_S'91 •• QII,J,k, G ',Hl'l9,olllh"lllo,. O " ,RC '~aO'Oto,""".II~'41 
" IC·I,S',.S"",O e 

no CO"""UE 
COLl Ill" C'~I.O.l' 

C 'Oil 'Ll n .. ,·.u S~OfU 0Lor .PUf aQoOI. aIlR"aLO 1189 U90LUII 
" '"'.EO.I' el.'o 

O' " '1'·'O"9.~t3.'0 
00 eOHllIJf 

OtCOO~CI.Il',""(·'I'I'~o" 
" 'IC.·"·I~"i~,.IOJ.'O' 

10' Clll 'fll 'I~O~O.I' 
II 

, ID' DHOOH1.IU."IIC'IIIIH·14, 
Cill fOS'" 

C '''8111 DIIAd' 1".1" IA.O •• D lA'&L8 pal~'o 
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TABLE 2 

REFRACTION ARRIVALS 

A list of refraotion travel times for 

eaoh of the four stages. Entries 

within eaoh stage are in the sequence 

of shot number, and entries for eaoh 

ahot are in the sequenoe of party 

numbers 
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16.84 rAIR a 16,21 

I 
13 BOANO 195 . 74 n,' 31.a4 0000 30,68 

3S." 0000 n,n 
36,59 0000 31,03 

14 NARUM 87.3' 63.4 17.18 POOR a 16,62 

I STAOI S"OT PAATY LOC. T ION DEL 'A ,lIMU'" TRAVEL TIME COMP R~"AAKS TT rAD" "IL 
KM SEC 9Ee 

14 17,85 POOR 17,29 

I 
19,36 rAlR 18,80 

l' KULA' 46,69 248.1 9,90 0000 2 9,34 
11,80 GOOD • U,U 

16 P'K Jl 116,77 244,. 17,66 'OOR 17,10 
21,10 GOOD aD,'. 

I 
21,66 rAlR 11,10 

18 L,·eON ",64 ao.' 11,69 fAIR n,n 
12,22 GOOD U,66 
13.7' GOOD 13,19 

6 19 AU'U~ 80,13 344.6 17.02 It rAlR • 18," 

I 
18,62 " POOP 3 U,06 
22,1' rAIR 2 11.59 

6 20 A~L 76.11 348.' 15 •• 2 rAlR 14,11 
18,25 POOR &7,19 

6 21 SUL 76 •• ' 34',8 15,22 raJA 14,86 

I 17 ,09 rA.R 18,51 

n T&V 1t.49 347.9 14,42 GOOt 13," 
16,.9 'AIR u,n 
17,99 POOR 11,41 

I 
6 23 ~UL 71,2& 348.4 13,69 0000 u,n 

24 .'h 79,63 34',ft 14,49 POOR a 13,03 
15,15 'AIR a 14,59 
18,92 rAIR t 11,36 

rENJ .s 201,.' 4'. , 33.o, oooe 31,91 

I 
34,39 GOOD n,n 

ULU 121.96 4,4 22,42 GOOD 1 21,31 
23,19 GOOD 1 22,11 
23,87 GOOD 1 22,10 
27,20 rAiR I 26,11 
33,40 POOR 3 u,n 

I 3', '0 POOR , 34,43 
37,20 POOR 3 36,11 

P'~"Al"L 98,74 247. , 19,39 GOoe • 18,32 
21 , 10 rAlR I 20,01 

DOI~E.E UO,I2 324,' 2',84 ral~ 24,77 

I 26,43 r'IR n," 
26,69 rAIR 35,62 
29,16 r AIR U,Ge 
32,36 POOP 31,29 

'O~DO 11-.62 316.1 21,00 POOR 1 U,n 

I 
31,21 POOR 1 30,14 

.'NGAo 1'2,52 29,1 27,28 GOOD 26,21 
27.64 GOOt a.," 



I 
I 
I 
I 
I 
I 
I 
I 
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I 
I STADe SoIOT 

I 
I 
I 
I 
I 
I 

• 

I 
I 
I 

11 

12 

t. 

t7 

U 

t9 

aD 

,. 

PARTV 

11 

12 

13 

I' 

11' 

~APOPO 

80A~O 

SIJ\. 

vu~ 

WAN 

v~u 

~OCATIO~ 

PAUUlML 

DOI~E~E 

ULA"ONA 

~APOPO 

Powtu w 

NAHUI'1 

127,91 

'9,11 

237,66 

no,u 

80,88 

124,98 

121,30 

124, " 

190,n 

nE~h 
KO 

90,04 

206,17 

207,7' 

;"3.3'; 

218,' 

3",6 

21,4 

30',0 

'41,4 

nl,' 
27, , 

'ZIMUT~ 

308,' 

40,e 

u,t 

27,1 

',' 

~o,e 

TRAVEL TIME 
~EC 

30,a. 
31, D. 
43," 
22,43 
24,,, 
n," 
32,99 

24,21 
26,'9 
11,38 
36,14 

20,60 
22,20 
23," 

l7,lI 
18,32 
n," 
40,21 
46, ,. 

ZI,7. 

U,60 
14,10 
18 ,00 

n," 
29,35 
46,0' 

",at 

24,7' 

22,60 
23, '1 
2' ,24 
28 ,Jl 

23,24 

22,41 
26,11 
20,01 

21,64 
22,74 
27,'1 
31,11 

23,n 

32,30 
34,00 

TRAVEL TIM6 
SEC 

36,'0 
38 ,20 
39,10 
41,80 
43,90 

6,0' ','0 
ze,'7 
30,'1 
n,n 
37,91 
40,29 
41,02 

"," 46,24 
'3,16 

18,07 
tA," 
21,49 
23,72 

n,n 
36," 
38,27 
39,86 
40,79 
44,13 

"," 
30,n 
31,21 
32," 
36,17 
47,30 

1t,72 
22,72 
29,38 

43,46 
5',32 

34,31 

17 ,22 
10,52 

11,01 

13,38 
Ih,27 
29,34 

OOHP 

I 
I 
I 

" 
Z 
Z 
Z 
I 

CO"P 

I 
I 
I 
I 
I 

" 

'AIR 
, AIR 
"IA 

GOoe 
'AI. 
'AIA 
'AIR 

oooe 
POD. 
Gooe 
"IR 

GOOt 
POOR 
'AIA 

fAlA 
'AIR 
GOO, 

0000 
0000 

GOOt 

0000 
aooe 
aoot 
FAIA 
POOR 
POOR 

oooe 
POOR 

POOR I 
aoot , 
POOR • 
POOR • 

'AIR 

0000 , 
POOA • 
POOR • 

'AIA 
POOR 
'AIA 
'A IA 

POOR 

POOR 
0000 , 

POOR 
rAIR 
'A IR 
'AIA 
POOR 

GOOD 
'AIR 

POOR 
PoaA 
POOR 

'AiR 
OOOt 
0000 
HIR 
'UA 
GOOD 

0000 
'AI. 
HIR 
'AIA 

POOR 
"IR 
GOoe 
GOOD 
'UP 
GOOD 
GOOD 

POOA 
0000 
'AIA 
'UR 
POOA 

0000 
HIA 
rAlR 

POOA 
'AIA 

POOR 

oooe 
OOOt 

, 
I • • I 

a • • I , 
• , 
t 
I 
I • 

rAIA 3 

Goor 
POOR 
POOR 

poao I 
FA IR I 

tT '''0" "IL 
IEC 

It," 
10,01 
41,1' 

U,U 
13," 
14,89 
lS,ta 

21,21 
15,61 ' 
10,31 
n,11 

l" '" 21,11 
22,38 

U,Of 
17;15 
14," 
It ,21 
4~,67 

Il," 
lD,'~ 
13,O~ 
16,91 

a.," 
aI," 
44,91 

U,U 

II," 
II," 11,34 
1.,17 
'7 ,~4 

n,17 
11,34 
at,04 
27." 
10." 
11,67 
16,14 
U,04 

n,20 

11,41 
33,11 

TT rAO" MIL 
SEC 

1',41 
37,31 
38,21 
40,91 
U,Ol 

',16 
7,91 

17,61 
3O,OR 
31,36 

37,aa 
3Q,40 
40,13 
44," u,n 
",27 
17,lI 
l7, " lO,ea 
lI,n 
14,n 
n,70 
17,31 
n," 
",90 
U,I. 
44,61 

It,ll 
30,32 
IS ,97 
n,aa 
48,4& 

11," 
Il,n 
II." 
42," 
14,41 

n," 
u,n 
lI,n 

'O,li 

11,.9 
U,18 
27," 
29,31 
31,13 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

STAOi 

I 
I 
I 
I 
I 
I 
I 
I 
I 

8 

• 

9 

SHOT 

9 

10 

10 

10 

10 

10 

PART., 

10 

11 

23 

24 

11 

12 

PAATY 

, 

R.SAUL 

RAL . 

SUL 

TAv 

VUL 

WAN 

ULU 

PAL"AL~L 

DOILENE 

PONDO 

HANGA 

NATAVA 

RAPOPO 

powELL N 

aOANO 

KARLA! 

AU UNA 

AAL 

SUL 

TAV 

VUL 

ULU 

DOILENE 

PONDO 

178,99 

178,70 

17',62 

170,32 

180,86 

114,01 

200,48 

18',80 

e7,n 

'O,fa 

9',n 

88," 

'8,89 

'8,76 

142,U 

'Z'~UT~ 

21,2 

20,9 

21,0 

21,1 

20,0 

lOS,1 

170,0 

147,1 

1'0,' 

04,0 

110,8 

111,8 

168,' 

41'""T14 

71,' 

191,1 

U9,' 

101,1 

107, , 

lOf,' 

U3,O 

121,8 

177,' 

174,3 

191,3 

TRAVEL T'ME 
SEC 

32,32 
34,72 
37,39 
38,39 

31,72 

31,82 
n,39 
41,09 

n,12 
3',0' 

"," 
30,12 
31,111 
32,72 

31, " 
33,72 
38,02 

19,37 
20,'0 
22,'0 
n,36 
27," 
.29, " 
31,10 

30,'0 

'," 6, '3 
11,01 

",&9 
",63 
U,OI 

28," 
29,62 
32,47 
42,04 

19,n 
21,30 
24,19 
33,61 

n,20 
14,21 
16,13 
22,78 

19,14 

33,17 
H,U 

23 . 70 
24," 
2. ,DO 

n,30 
40,sa 
44,06 

24,63 

16,13 
18,60 
22,80 

U,67 
17,27 
18,30 

16,67 
18,'0 
20,10 

17,10 
18,67 
19,83 

16,43 
19,07 
22,'0 

21,41 
24," 
26,'0 
28,30 
n,lO 
37,60 
44,70 

11," 
11,62 
12,07 
20,29 

18,02 
19,49 
23,17 

25,32 
32,18 

24,44 
3D, '6 
33,72 
36,22 

COMP 

.1 
1 
l 

OOMP 

POOR 
POOR 
POOA 
POO~ 

POO~ 

FAIR 
POOR 
'AlP 

FAIA 
FA IR 
POOP 

'AIR 
POOR 
POOR 

,A I, 
FAIA 
FAIR 

POOR • 
0000 2 
OOOt I 
FA IR 3 
'A I~ 3 
POOR a 
POOR t 

POOA 

.:g~~ 
POOR 

POOR 
POOR 
POOR 

POOR 
POOR 
'AlA 'A IA 

OOO~ 
FA IR 
'A IA 
'AIR 

1 
1 , 

~ 
8 
I 
a 
1 
8 
I 
1 

rAlA 8 
oooe • 
FAIA 3 
ralR 3 

DODD 

GOoe • 

GOOD 

0000 
POOA 

0000 8 
0000 0 
0000 • 

POOA 4 
ralR • 
POOP a 
POOA 

'A IA • 
POOA I 
POOR • 

0000 
POOR 
POOR 

OOOt , 
POOA 3 
POOR 1 

0000 
'AIR 
oooe 
0000 
,AIR 
'AIR 

POOR 8 
POOR 3 
ralA • 
FAIR 3 
oooe s 
rAlA I 
POOR a 
FAIA , 
Door 1 
,AlA 1 
,A IR 1 

POOR 
POOR 
poo~ 

'AJR 
FAIA 

POOR • 
POO~ 3 
OOOt J 
GOOD 8 

TT 'ADM "9~® 
SEC 

JI,4' n,n 
36,90 
17,90 

30,13 

30,91 
3.,'0 
40,10 

11,23 
34,16 a, ,06 

2',23 
10,U 
Si,U 

30,86 
n,n 
37,13 

u,n 
19,86 
11,86 
24,72 
27,31 .',ll 
3D,46 

29,86 

9"g 
1,1' 

10,41 

",ot 
'Ii" 98,44 

27," 
18,9' 
Il,n 
41,40 

lB,47 
20,61 
23," 
33,04 ' 

12," 
13," 15,.' 
n,14 

U,80 

16,at 

TT 'ROK RI~ 
SEC 

11,90 

n,9a 
a',9. 
23,06 
24,01 ze,.' 
34," 
3','4 
43,42 

23," 

15,.9 
17," 
U,l' 

16,03 
16,63 
17," 

16,01 
17,86 
19,.e 

16,4e 
u,oa 
19,19 

1'," 
18,43 
21,86 

20,40 
23,94 
n,.o 
27,rt 
11,09 
16," 
43," 

10,96 
10,61 
U,06 
19,21 

11,01 
11,4. 
n,16 
24,31 
31,17 

23.,43 
29,98 
32,1& 
u.:u. 



STAGE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 

10 

H 

10 

10 

10 

10 

10 

10 

10 

10 

10 

11 

11 

11 

'~O' 

11 

11 

11 

11 

11 

11 

Ii 

11 

11 

11 

II 

11 

11 

11 

11 

U 

1~ 

19 

lIO 

n 

24 

'ARTY 

lD 

11 

12 

16 

18 

1 , 

21 

22 

~OCAII ON 

RAPopa 

POWHL " 

anANO 

AA~ 

IUL 

YUL 

ULU 

no ILeNE 

PONDo 

LOCATION 

"ANGA 

ULA"O.A 

KAMoARU 

RAPoPO 

POWEL~ k 

'AKIA 

LAMaow 

AABAU~ 

AAL 

UV 

VUL 

",7. 

94,96 

9a,U 

88,41 

116,22 

179,61 

142,12 

l1',n 
U7," 

124.74 

128.04 

\lB.' 

nO.l 

171, , 

eD,' 

129.7 

129.' 

no,' 

120,6 

139,4 

12',6 

10a,O 

U'.O 

13'.6 

'0,9 

170,4 

91,l 

l04, , 

107, a 
144,e 

167.1 

119,7 

102,4 

103.' 

103,6 

103, • 

107,4 

31,ftO 

14," 
17.11 
19.68 
2'.63 
27,11 

20,10 

20,12 
22,44 
30,71, 

36,32 

n,4' 
21,82 
22," 
26,'2 
25,79 
31,32 

18,49 
21,82 
24,42 
2'.82 

19,22 
24,92 
27,'2 

11,22 
21,12 
2e,02 
28,S! 

H,U 
20,12 
at," 
U,n 
21,n 
23,22 
n,u' 

2',07 
21,a, 
31,77 
34.20 
3e.u 
41,72 
H,n 

10," 
11,02 
11.92 

16.21 

TRAVEL TI"E 
SEC 

".13 
".61 
n.n 
",n 
46.96 
",12 
19 , 47 
19.86 
24,86 
ae,89 

31,60 

"." 39.0' 
40,63 

u.n 
19.&9 
20." 
23,2' n.,. 
35." 

24.2' 

11.96 

n,32 
26,96 
2ft,23 
30.65 

34," 
21,35 
23.65 
26,28 

21.30 
2',48 
2ft.28 

21," 
22, " 
24,2' 
24,35 
28,32 

Zl.n 
22,9, 
24 .2' 
2' .95 

an.n 
21, ?, 
2?,66 
a~,28 

I 
Z 
Z, 
I 
Z 
I 

GOoe 

GOoe I 
oooe I 
Gaoe • 
POOR I 
rAlR a 
GOOD 

, AIR 
gOoe 
OOot 

POOR 

' POOP J 
POOR • 
rAlR I 

, rAlR I 
" AlA 
'AIR 

.POOR 
,rAIA 
POOR 
rAlR 

'POOR 
'AlA 

'POoA 

POO. 
rA IA 
POOR 
fAIR 

,UA 
fAIR 3 
rAI" I 

rAl. I 
9000 1 
pOOR I 
~OOA I 

a 
3 
I • I 
I , 

PO'~A , 
PO A , 
'A R l 

" POQA 
fAf" 
'U~ 
fAl, 
POO~ 
OOOQ 
OOO~ 

fAl' I 
OOOD: • 
oooe • 
OoOD', • 

GOOD ' t 
GOOD , I 
fAIR ' I 
POOR ' 3 
0000 • 
0000 ' I 

0000 , . 

POD. 

rA,A i 
'A,A ; 
POOR I 
POOR I , 

POOR I , 

rA,. I 
POOR • 
POO~ n 
fA'R a 
POOR n 
POOR • 

'A'~ 1 POOA 2 
POO~ a 
fAIR I 
fAIR 1 

H'A 
POOR 
POOR 
rA'R 

POOA 
fA,R 
POOR 
rA,N 

".70 

&3.64 
16.10 
&8 .67 
'4,62 
26,.0 

19.70 

19,01 
21,43 
20,70 

n,ll 
18,4. 
20,81 
Il," 
n.'l 
27.7& 
30.31 

17.41 
1D,81 
n,41 
24.81 

&8.2l 
13,91 
U,91 

17.'11 
20,11 
n, .. 
17.14 

16,14 
19,11 
20," 
n,24 
20.14 
22.21 
24,81 

14.31 
u;,o 
31.02 
33,4' 
17 .40 
40.f7 
'0,37 

10,03 
10,17 
11.n 
.,.4t 

n rAOM "I~ 
SEC 

",38 
sa ... 
62.07 

n.ol 
46;21 
'4,37 

11.72 
19,n 
14.11 
26,10 

30.19 
34 1'0 
38,30 
39,88 

17.40 
19,14 
19,90 
22,'0 
24,11 
34,82 

1J.9O 

18,11 

24." 
U.21 
2',41 
29.90 

33 ... 

aa .eo 
22.90 
n.n 
3D," 
a4,73 
27.'3 

20,90 
n.aa 
IJ,'O n •• o 
27,n 
21,10 
22 • .., 
IJ,'O 
n,1O 
aO.20 
aa"a n,n 
a4.'3 
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SWOT 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12A 

t2> 

12' 

SWOT 

12A 

12' 

12A 

12' 

12' 

12' 

12' 

12> 

12' 

12A 

12' 

13 

2 

6 

U 

12 

l' 
16 

P,RTY 

11 

12 

20 

21 

22 

23 

LOC,TION 

'ENI IS 

U~U 

PAL~AlML 

DOILENE 

PONDO 

~'NGII 

RAPDPO 

POWELL II 

~AALA I 

PAKIA 

rENI IS 

DOILEN& 

PONDO 

HAN.I)II 

LOC" ION 

U~AHONA 

RAPOPO 

POWE~L II 

BOANG 

NARUM 

KARLAI 

AU UNA 

R'BAU~ 

RAL 

SUL 

TAY 

YUL 

WAN 

DO ILENE 

,7,80 

72,61 

33,37 

99,98 

46,71 

",12 

231,3' 

15',12 

88,87 

aU,!8 

233,66 

138,71 

141,42 

140,42 

143, " 

133,88 

139,2' 

68,' 

n,s 

7, ! 

62,! 

248, , 

68,' 
118,2 

lU,' 

eo,' 
Ut,' 

63,0 

94,' 

AlIMUT. 

147,1 

U,l 

111,1 

U,t 

90,' 

118,0 

178,0 

",' 

'7,' 
'7,1 

71,' 

15,8 

172,7 

46,' 

TRA¥E~ TI~E 
SEC 

37 ,20 
31,60 

20,03 
21,64 
23,03 
24,14 
29,73 
n,3' 

16,29 

13,30 
13,53 

7," 
30,32 

8,4' 
11,56 
12,37 
13,91 
16,32 

18,14 

4,48 

11,00 
14,30 

n,n 
13," 
22,'2 
23,71 

38,08 

23,4' 
30,00 

13,27 
n,n 
13,4, 
46," 

13,71 
13,78 
16,2' 
16,93 
22,08 
49,97 
'0,15 

33,62 
H,69 
3',90 
n,ol 

TRAVEL TIM! 
SEC 

12," n,57 
14,t6 
16,93 

25," 
29," 

"," 16," 
19,07 

t' ,32 

39,65 
AS,75 
48,33 

21,15 
23,45 

23,4' 
n," 
41,0' 

n,'8 
27,0' 
30," 
33,42 

23, " 
2',72 

24,0' 
24,". 
29,42' 

24,15 ' 
26,62', 
28,05 
30,82 

23,08 
2',08 

23,4' 
24,18 
25,72 
30,'2 

23,75 
24,01 

7,19 
7,27 

10,13 
1',76 
15,93 
16,00 

OOH' 

DOH' 

FUA • 
FAiR • 

• I 
I 
t , 

'aIR I 

POOA I 
POOA I 

POOA 

POOA 

Goot 
GOOt 
GOOD 
GOOt 
GOOD 

1 
1 , 
2 
2 

GOOD, • 

GODO I 

GOOD a 
GOOD I 

Dooe I 
'AlA • 
'AlA I 
ralA I 

POOA 

POOR 3 
POOA I 

ralR 
'AlA 
ralR 
POOP 

POOR 
FAIR 
rAIR 
POOA 
FAIA 
GOOD 
GOoe 

DODD a 
Goot I 
'AtR • 
FAIA • 

REMAAKS 

OOO~ , 
Gooe 1 
GOO~ , 
0000 , 

OOOD , 
0000 1 

GOoe a 'A!- 2 0000 I 

POO~ 3 

POOA , 
POO~ a 
'UA a 
GOoe • 
OOOD I 

POD A a 
'AtA • 
POOA • 

'AlA 
POOR 
"I~ 
rAI~ 

GeOD 
fAIR 

GOOD 
r A I~ 
POO· 

FAIA a 
'AIR 2 
POOR 2 
POOR I 

GOOD 1 
0000. 

POOR • 
'AIR I 
rAtA 2 
POOA • 

0000 , 
Gooe a 

, AIR , 
FAIR , 
POO~ , 1 
'AIR 1 
POOR 1 
POOR 1 

TT ,ROM MIL ® 
SEC 

Ui'1 
U;31 

19 ,eo 
l1;t' 
11,80 
13," 
19,'0 
12,11 

11,01 

13,07 
13,30 

',65 
10,0' 

1,24 
U,U ' 
12,14 
13,88 
16,ot 

1','1 

tin 

10,77 
,4,07 

11,42 
13,62 
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.3,71 

TRAVEL TlHE 
SEC 

49,04 

29,70 
30.22 

a4.n 
24.67 

n.u 
39.44 
36,24 
38,03 
70.27 

26.69 
29,70 

J2,98 

29,<0 
31,10 
J7 .00 

19,27 
16,44 
24.09 
26,83 
U,OI 

' 39,77 

n,O, 
39,80 
40 ,n 
• 2,17 
4',80 
51,00 
98,81 

34,10 
Je.44 
40 ,10 
41,77 
43,60 
48,37 

37,77 
41,10 
44,77 
47,.7 

39,03 

36,27 
n,n4 
40,77 
42,10 

n,70 

I 
Z 
I 
I 
Z 
l 

, A I~ • 
Goat I 

Goat 
fAlA 
GOoe 

GOOD a 
'AlA 2 
HIA • 
POOA I 
POO_ 3 

goat 1 ",A 1 
POOA a 
'AIR I 
POOR • 

POOR • 
POOR • 
POOR I 

POOR 4 
POOA I 
POOR 11 
POOA • 

POOA 3 
r41A 2 
POOR 2 
POOR I 
'41A a 
fa IR • 
POOR 2 
POOR 3 

GOor 1 
faiR I 
rA IR • 

GOOC 3 
uoot , 
OOOt 3 
r AIR I 
fAIN a 
POOR I 
POOR I 

GOat 1 
GOat 2 
'AlA • 
faiR 3 

rAlR 1 
fAIR I 
fAlA I 

AE"'AKI 

fAIR 

POOR 
POOA 

GOOD 
faiR 

fAlA 

aooe 
GOoe 
GOoe 
GOOC 

POOA 
fAlA 

POOR 

0000 1 
i' A IA a 
GOOt 1 

GOOt 1 
GOOt I 
Goor I 
OOOt I 
fAIR 1 
GOOt I 

POOR 1 
fAIR I 
~OOA 8 
fAIP • 
fAIR 1 
POOA I 
fAIR I 

POO~ 4 
POOP 3 
POO~ I 
POO~ I 
POOR I 
POOR a 
POOR 4 
POOR 1 
POOR I 
POO~ • 

POOR 

poo~ 

POO~ 
POOR 
fAlA 

rAIA a 

4',93 
",13 
ae," 
10,28 
31,18 

21,n 
Ui27 
24," 
2',80 
n,lI 
it,to 
11,81 
19,41 

3',04 
40,31 

41,71 
46,16 
U,'l 

41,33 
4',91 
44,81 
H, .. 

36," 
18,61 
40,46 
41,16 
4',00 

31,'0 
4','0 
47,23 

34,07 
n," 
17,77 

29,79 
2',10 
U,31 
U,Il 
39,97 
39,17 
40,37 

10,91 
11,47 
11," 
26,97 

n," 
34,11 
41,11 

TT '''A'' "'L SEC 

47,11 

27,87 
28,30 

22,30 
22,84 

11,40 

n,n 
34,41 
u,ao 
68,44 

a4,81 
27,87 

10,79 

a7,H 
29,17 
19,17 

13,44 
14,11 
22,26 
29,00 
10,1' 
:53.9. 

17,11 
17,97 
39,11 
40.34 
43,97 
5$,17 
","0 
13,17 
36,61 
18,27 
39,94 
41,77 
41,'4 

19,94 
Ie,n 
4','4 
40,04 

17,10 

14,44 
37,11 
18,94' 
40," 

11,87 



.·1 
I 

I 
·1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 

.STAoe PARTY 
. , 

lQCA!ION .DEL TA 
. "M ' 

izi. "u:rN·.'~ '. : " ·TRAYEL.·TlMe · 
'. : : '.~ , SEC . . 

____ .. • 2 .. ,--. __ ··_. 27_. _ .., _·.~ l'_..:..-_CRA ____ 160.01 __ .. _ .-' aeL;'_· __ ~ __ ~9i·40'_·'__~~_1 _ __ . _ OOOD~1__ .. _lL.'.! __ . 
31.10 1 rAIR l n.n . 

" .. ... , .... .. . : ·.::.4._ . 37.00 .. ' ,I 0000 . _. 1 .. _ ._., _ 3'.17 ___ . 

2. , . 27 aU , UNA ~':~i ' I . 
16.'4 , 1 -----.. _. _-----_ .. _--- _.~_ . _ _ ____ .. _____ _ _ __ ____ 2~.09 . _______ 1._' _ _ ,_ ... 

. 26.83 1 ' 
. 32.08 1. 
35.77 1 

27 .18 WITU IS. .. 38,98 'I , POOR 1 37, U 
_ _ _ _______ . __________ ,_ .. ______ . __ _ __ 39.,60 ____ _ I .. _ __ . ..<. rA IR .. _2 _____ 37_, 9.7. __ ... 

" 

. 27 ... _ . .20 ._ .. .. Ul 19.8 

.27 21 SUL 

40,95 I POOR 2 39,12 
42,17 l. rAIR, .. 2 ... . ,_ ·. 40.,34 __ . 
45,80 I 'AIR ' 1 43,97 
'3,00 1 POOR .' 2 .. ",17 -, ._ . 
'6,61 1 rAIR 3 '6.9' 

3·4,lii .. -----z~'- - --"PO'OR 4 32.27' 
38.44 . 1 POOR . ·3 . .. 36.61_ .... 
40.10 ' I POOR 2 38.27 
41,77 . 1 _POOR .. 2 _:.._ 39.,94 _ _ 
43,60 1 POOR 2 . 41·.77 

. 48.37. 1 ____ ~OOR ._L_ ___ 46.'.4_·_ .- ... 

37.77 
41.10 
H.77 
47,87 

. 'POOR 4 

POOR 3 
POOR 2 
POOR 2 

3'~94 
'39,27 
42,94..-
46,04 

' 2 27 22 TAV " 213.12 20 ~ 4 " 36.27 1 POOR 3 ' 34'; _. " ' -' 
.. 39,04 1 . POOR '2 - . 37 .. 11 ......... . 

40,77 1 POOR 2 38.94 , 
___ . _______________ , __ _ ___ -:.--------.... - ,- - --42.10 ___ :. ___ I . _ _ _ -:_ .rAIR ....:2, ___ .. -~ 40 .• 27---. 

27 ... . ' _ .. 23 

27 24 

. 21 

28 

... _.WUL .. 204.96 . .. .... _ .. 18.8 _ .. . __ ._ .. , . ,3'.,70 
37.07 
38,84 
41,14 

.. _ ... _._. 1 _ ....... __ ... FAIR. _2 '.. 33,,87 ._ . 
1 0000 ; 3'.24 
1 POOR 2 37;01. 
1 0000 1 n.31 . _____ _ ___ . . _ .... ____ ___ . _______ .43,10 ______ . 1:. _ _ .. .. POOR .... 2 . ____ . _ ... .. 41,17 _ ._ .. . 

215.31 18,8 

144.3 

MaNOA 4',13 137.0 

48,57 1 rAIR 2 46.74 

38,07 ,I POOR 3 
39.90 1 POOR 3 
43.10 I POOR ' 2 

... _ . _ 44.44 . _ . _ ___ _ 1.. _ _ . _ ._ POOR . . 3 _ . __ .. 

13,'0 
14,60 
15.54 
17,89 

10 ,22 
16,78 
19.60 

.1 
Z 
Z 
I 

POOR . 1 
POOR 1 
FAIR .. 1 
rAlR 1 

GOOD 
FA IR 
POOR 

36.24 
38.07 
41,27 

_ .42.61. - - . 

12.71 
13.11 
14. 7S ..... 
17 ,10 . 

9,43 
.n." 
18.11 

, __ ----21l8 _ _ ___ 4. ___ KAB&NQI _ _ __ 14.8L.- __ · 141,,4. ___ -O.. .. 16.0L ___ _ _ ___ .r AI R .... 1 ____ l,_, .a.~. _ _ . 
21.38 rAIR 1 20,'" 

28 , VULCAN '6:" " 147.6 li,96 I : rA·'~ · s .. ·· -.- ... il ; i.7 ...... 
11 ; 23 . . __ ... __ ... 1. _ . . rAIR 1 .... ,_ ...... 11.44: _ _ . 
12,36 z rAIR 1 11.'7 _______ ____ . _______ .. _ ______ . ______ . __ _ ___ 1.~, 7.0. _ ____ Z _ ___ 'rA IR_ l . _ __ ~_. 1l •. U _ _ , 

, 3 .... . 28 ....... _ .. 6 .. . RAVALIEN .. 66. 72 .. 143,~ •... _ .. _ ......... 13,92 .... _ . . _ .. __ . .. 1.. __ '. ___ 0000 1 ... ... .. .. .13,U_ .• 
13.90 
15,89 ..... 
16.3 • 

.20.'-'1 __ 

14,69 I 0000 , 
. .... 16.68 .. Z ..... _ . .. 0000 .. 2 . .... _ 

. 17.13 1 " 0000 2 
.. ... . __ . ____ _ ____ . _______ __ ... ____ _ _ _ ___ .. _ _ . .. ______ 21, 70 ~ ____ J.A IR __ .2. _ __ .. _ 

,3 28 • . ...... KURAKAKL . U,o, .. I .. ... . .. . GOOD .:1._ . _ .. . 
14,40 I 0000 2 

.17,30 ',- - '- __ ' _ Z . _ .. _ ... 0000 3. .. __ 

,0,U ... 
13.61 
16," . . . 

• ,~:_ . _ ._ . __ 28 ___ .. _e_ .. _ _ 8UR~A..RO. _ _ _ · _' ,2 •. 70._. _ _ . 14' .• L ___ ~ll, 7.0 ______ z __ _ . __ rA 11'1... .. 2 ______ 1.0 . • !1_._ 

28 ... .. 10 . PAlED PT ... _ ..... ' .9.'0 

28 ~APoPO 73.64 

139.7 .12,38 
13,38 .. 

POOR 1. 
rAIR . 2 

11." ..... n." 
' 138,7 14,32 .. .. · - ... _ · .. .. 1 DODD' 1 U.'3 

.... - .. --.-... -.----~-----
._ ... ___ . _ __ .17.,15. _____ .1 ____ .0000._2 _____ 16,36_ . 

28 __ ,14 

28 " 

28 

. WATOH . 1.5 142,8 8,73 
12,86 

GOOD , .~ .... 
0000 ,3 

7,94 
12,01 

TAVUI .',48 iS6,! 1'0 '.10 Z 0000 1 .,3i 
. .. _______ . ______ __ .... _ ___ . ___ .. 12 ;.O. ______ I _ ___ .QOOO _:2 ____ .. _11,61 __ _ 

14.10 Z 0000 2 13.31 
16,40 .. I , _ .. . 0000 . 2.'.. .. 15.61 

. '2.0' • . 1'3,1 .11.38 . _ ... 0000 . . :2.. .. ' 10." . 
__ .. 28 _ .... .... _17 . ......... _ "T.VARZIN .. _ __ 68.10 .. _ _ _ . 1'3.2 ._. ______ 12,.'4~._. _ _ _ 0I __ ' , __ ... 0000_ 3 _____ 12." _ _ . 

66.'0 . 13,77 . .. .. _I GOOD . 1. 12,98 
19,78 I 0000 1 18,99 
21.09 ... _ 1.. .r AI R .. 1 20.30 . 
23,62 I POOR 1 22.83 

. __ .. _ _ _ ..... _._ . __ .. . _ .. . _' . . _ .. _ .... ______ . ____ _ ... ___ . _ _ ._' _ .. 27,03 . _ _ ___ 1. II.OOR _ _ 1 ._ ' __ ·_ .26, 2._ 

28 

28 20 

8UL 

28 22 UV 

• 27,60 I : 'AIR . 3 ' 26.11 
35.~4 .. 1. .. . . _ .. _ ... 0000--. 1.-.... ' 34." 

49,89 11,07 rAIR . 2 • . 10,28 
14,67 1 FAIR 2'.' 13.88 

_ •.. _____ ... .. _ _ . .. _____ ._ ... ... _ . .... .. _ _ ....... 20,.30_ ... ...... ..: ___ Z ... ____ r.A IR .• :2_. __ .-'- -'-.19 .• '1 ___ 

.140.,9 . ... 11,37 
12.63 · 

Z 
Z' 

.0000 .1.' 
' POOR : 3 

, . 1.0"e .. 
11,14 ' 

11 . 63 1 0000 -1 . 10.14 
_ .. .. ..!. . __ .13,03 . _ __ • __ ... ___ .Z ____ ._ POOR._2 . __ ._. __ .. _ 12.24._. 

17.03 ' I POOR 2 , 16,24 

'j ~- .. - .0000 - '1" 
z~~ __ ...!r~1 I.R . 2 ' 

10.94 .. 11.'~ ..... 
. • _~~i 

-. 

) 
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STAOE PARTY .. LOCATION DELTA 
KM 

TRAVEL TlHE _ 
SEC 

AE"AAKS 

. . ~._.~. 31 ___ ~.281 ___ --,Zt.2'-__ ...lU.y, _____ -,,· '-6~IL1...,.---UQ.!. 1' ____ ~U. O.o •. ____ ~Z_· _____ · _r~!!L..:2, _____ 12 .,~'~1-..,_~ 
1 •• 30 1 0000 1 13'. '1 

-~'2e-'-"-:-Z3- - ---VU-L - ... -.. ---- " 6-;-ei--',"--1;O ;Z-·--- .-. -'li do ·-·--·--"1--·- - - 0000---'----10;9·1---
___ ._ . __ . _ . ... _ ._ .. _ .... _ __ . _______ ~._: ._ . .,.,. ___ ._12.07 _ . . __ . __ 1 ______ QQOP_ ., __ • __ U .•. '_8, __ . 

2_8· ___ 2~ ____ UN ______ ;.a.'.6 ____ Hl .• ~! __ _'_ __ 10. 90 _________ -'-0.0.OD_l _____ 1P..Ll_1 __ •. 
13.10 . 0000 2 12.31. 

--28A" -- --- .. . - · ·---lio-Nol -. · .. -··66."iO ----:149-.r ·'-:-·~-·--i~;,.8· ·- - ·--·-T - ·--·ooiio- - [""- ---ll.'n'-~ · 
.. ____ . ____ . ___ ... _ . _____ __ ... .. .. ___ ._ .. _ ___ ~. ____ . ____ ".55 .. -- -- ... --1----... rAI ~ . __ J _ __ . _1~. 73~ __ _ 

. ' . . 18.07 . ~PrOOR .~ . ~~~ 
. . U.9~ ___ .---' _ . . . ~.....;g "S1"~1;0 __ _ 

3 . . __ .. _ _ 281 ______ .. • .• MA81 'NOA __ ' __ '106'.08_' _____ 149.' ... _. _ .. -.-'. .. _ .. 18. n _ __ . _~_---,"·:;:r~~R , ,,1__ _ .~~l" .• n _ _ . __ 
~~ .• il2 ' ':1 ·· ~"OOR. ,I '23.40 

. VU'LCAN -·-·--·-t9.18- -'-i;';3 -.--(--=-><l~ .• "!,6 - - '---''-.~ Z- -'-' - - ::~ijiilf ",---' . '-13.;'4-· ---

3 6 ' eo •• ~ 1'1,'1 !17.i24 '1 0000 1 16 •• 2 .. . _____ . ___ __ ._. __ .. _____ .. ___ . _ __ ., . __ ·_·....:..~~.! ... __ : ___ .Z ... ___ .,;.. fAIR . :2 __ .. . __ . 18. oe ___ . 
. ,,';;1'9.12 . . Z rllR . ~ 18.30 

. _ ___ 20.69 L _ _____ rAIR_ .. 2. ______ . _19.87. __ _ 
. 27.69 N 0000 .J 26.87 I 

72.01· 1 ••• 0 Z - POOR 3 13." __ _ -'-__ 1' •. 5' .. ___ __ _ l. "". POOR _ 3 . _. .14 •. 73 . _ _ _ 

.. __ 3 .. . _____ 28, .. __ .10 _ .. . . . PR'ED P.L .. ___ ._80.70 : .. _ ...... _ 14e.4 . ______ 1 •• . 84 ..... _. ____ _ .. 1.. ___ .... .rAIR .1 . .' 14.02._ .. _ .. 

... _ _ _ 3 ___ ' ~2.8 .. ___ U--._ UP.OP.CL ____ U •. 47 ____ 1.41. 3 _____ .16 .n' _____ 1 ____ __ 1!.00R _ _ 3 _____ 1' ... i7 __ :_ ._ . 
21.3. Z rAIR ' 1 20.'2 

.- .----- -, " rAJR - i -- - '-- . --i'o';-,-l-----
--· 3-----28'---1' · - --',AVUI - · - .. 66;34- .. -----'·49;1-- ----· ·- i2. 80 ' - -·--i----... ·Qooo-·-i--- - ·11.98·---

~---------------------I.,50. - .-... ---z---- .. 0000 - 2 i3.68~. 
18 • 60 Z 0000 2 17. 7 • 

• _____ ~ _._ •• ___ • _ ___ ._. _ , ' • • _ 0 ', ' ____ • • • _ _ '. __ _ • _____ _ • •• • ________ • __ ' •• _ ___ , . _ . ____ , . , __ _ , ____ _ .: . __ _ .- ., ... . , _ _ • _ _ _ 

286 17 "'Y'RZIN el.7' 1'8.6 16,78 Z 0000 '2 1'.96 .. .... ... _.- . ... -- .... ..... - ~!:~~ .. . _- _.+_ ...... . ~~~: ~ ~ ... .. ----.. ::::;- ~- . 
________ . _____________ 27 .• 34 _ . ____ .1 ____ .GOOD .. 2 ______ .. 26 .'2...--. 

30. 'Z ' Z POOR' 2 29.75 

--'28A---"' - - 18 "'LAP',U '---" '" -- 8'8;,ci -.. --- -'-S:,i:-7--- ; ---·--16.44 -- "'--' i "-"' ''' -''' GOOD 15.62 
__ ... .. . _. ____ . ___ .... ... .... _ .... ~ __ - .. - - ... ,.- .. -.-.. .. - . . .... _ .. _____ . . 17.'9 ____ .1 . __ .. _ ... rAiR 16.77- ---

. 19.44 Z 0000 2 18.62 
. _______________ . _______________ .. _ _ . __ ... __ .20 ,29 _____ · Z. ____ :...0000. __ 2 . ____ _ 19 ,47 ___ . 

23.12 .., 1 . rAIR 3 . 22.JO 
. ..... _ _ ..... _._ .. _._ . __ .. _____ . _ .. . _ .. _ .. _ . .. __ 2.,U .. _ .. _____ L __ ._ .. _ . 0000 .... 2 .. .. . ...... 2J.81 .. ___ . 

26.98 I 0000 1 26,17 

-' --iiA --.- 19 ----~A8.~L ·- - --7i~,6--·-152 ·; i- -- · · --· 13·~69 ·-----·f----.. POOR '"3---" 12· •• r- ·" 
" •. ~2 Z ~0.OR-2----14.2D_- __ . 
17.02 Z POOR 2 16.20 

• . ___ _ ... _ .... _19 .J6 _ ____ . ___ .. Z ____ ... POOR .. ..:2 .. _ .... __ . 18.'4 
20.69 1 POOR · " 2 le.17 

. _ _ ... 3 . . ~2,,8.A. ___ _'Z .. O'__ ____ • .&, .. ,_· _____ -'-7 ... 6 .... ~!Q"_ ___ "D •. 8 ______ i3.82· .r'IR ~2. ___ c _ _ 13 •. 0D ___ . 
1'.2e I POOR 3 14 •• 7 

.. _____ _ .. ______ . __ ._ .. _ .. ____ . '" ___ _ .. . ~ . .. __ ... .. 17 .•.• e ... _ _ __ 1. _. __ .. _ POOR .. _ .2 _ _ ____ .. _16.67 ____ . 
. . 20.6e 1 rAIR ,3 19.87 

. '-'- j -'-'-- iii'- - --2i - .. ·sliL .. -------,-,-;-,-2- ---1;i ;,-'--- --14; 02-· .. --- --C--- - poojf'" "4--" . -.- - lfilo--- ' 

3 28A 22 TAV. 78.1' 149.9 10.16 Z rAIR 1 13.3 • 
. . _ ___ _ ..:.. , _ _ .. _ _ ._ . ____ ..... ". __ ._ ._ .. _ .... ____ . __ _ _ . _. ____ ._ ... ___ ___ 20 .36 .. _ _ ___ z _______ . ~A IR._:L _ ._. _ __ 19. '.~ .. __ 

' " 3 ... __ .. ___ 28A .-- . . U ... _ . .. __ YUL . __ ... .:. ____ .79 .57. ___ .. _ _ 157 .• 2 ___ .... _ ... 1 •• 7.9 .. _ ,,_. ____ l.. ___ .:.. _ F.A IR_ :. 2. _ __ __ _ 13 .•. 97. __ _ 
16i'9 Z F'IR 2 ' 1'.77 ___ ____ ~o.,.~_ 1 : rAI!'--_2 ____ 1!..!.0 __ _ 

.... 3 ... _ .....:.. _. 28A . .. _ _ _ • . 2 . .. ..... :. __ . NAN _ .... _ .. _ _ __ .7.2.1L .. __ .... _ 1".7 . _ .13·.32 __ _ _ _ .. . Z ~_. _ _ c' ... 0000 . ... 1 ___ :_ ... . 1'2.'0 __ _ 
1'.~6 1 rAIR . 2 . 14.'. 

··-----··-- -i,- ------ .... -'iAUiAi'- - ------44':iO --------~i".9 11,04" ----z _. -----.-.' fAf" --3------ 1t)~·" 

_____ . ____ .. ___ ~-------------.-----.------· -13.0Z 1. ____ P.OOR 3 12.'3 __ 
13.38 Z POOR 3 12.'~ 

ze 13 •• 8 ' --'- " .-- -- 6 ;83 - . -· .. - ---i ----.- GOOD ' -i'-- -- ------ .. ' 6.34·-·---· 
..... _ _ _ ....... __ . 8.68 _.- --- - 1.. ... - -.--- .0000 ... 2.- --. _ .. .. 8·.18 . __ .. 

e.8. Z fAIR 2 e.3' 

2 NONOA 

12.41 L .. .. . _._.~OOR. "2 11.92 ___ . 
' 1 •• 43 Z . POOR 2 .13.94 

---- - - --- --.--.------.. - ---- . __ ... ------------ - --._- . __ . " """'·· -13·.i3 -' ---· Z ..• ,' ._-- -----
'j- Alii 1 'i2;64 

.. 12;71 __ 29 • M'UNGA U.6Z 143.0 
____ 13.27 . ___ _ ___ .. 1. . 

. 14.0' Z 
.J·AI~ __ .. i 
POO~ I 13." 

3- ---· --i9'-----:.·----Y"'U"'L-,C,..'-N- ·-----=-3".8-;I".e::----'..,.1".0·------il~;;o _i FAIR 11·.n 

------1;::; --------- ~ ·---·-i::=t--, '- 1::~:-'--
... .. _ .. _ 13.12._ ... ___ ~ . .. _l.._. __ .. _ _ F:A.IR·_L __ · _. _ ... _.12.63 ___ _ 

.3 _ ___ 29 ____ ~6_· ___ RAHLI EN ____ ' .0 .• 69 ____ 1H •. 5._ .. ____ · ~10; 78. . _ 1 ____ ~000D_~2 ____ · _ 10.,2e __ 
11~" Z OOOD 2 11.06 

. ___ ... __ .. ..... _ .. ___ .... .... ....... .... ~ ._. 12.77. _ _ . ....:.. .. _._. _.1 _ __ ....:..JAIR._· 2..: _ _ ._ . _. 12·.28·._ 
.17.25 N rAIR J 16.76 . 

3 2e 7 KURUAKL 31.71 - i;6' ..... -----T ' ooOD"-i-'-' - - :--' ';1'-'--
_____ 9 .• 65 1_· ____ 0000...._2 ___ ·_·_ ·.9.16._· _ .. 

1J.90 1 FAIR '2 lJ.41 · 

29 8 34.76 

J i9 10 PRAED PT - --- -· - ·4i~4;j ·. 139.' i;·24 - ·----:.:..z----- -.. · .. poiiR -~l -· ----·-' - --a;·i, ... -
... ... ___ . ___ .... ____________ -' ... __ ... .....: _____ . ____ . ___ . ....:..~ __ . ____ __ io •• 6~.;_~ __ .1 " . P.OOR _2_' __ . __ 9 .e7 __ ·_ 

12.31 " Z . POOR '1 ' . . n.82 

11 ~APOPO 11.30 .. -~ .-:--. Z-.-· · ---:- -- ;--'1"--1'-:--- ·"lO';-IC-
_14.'8 .. ....... -·.:..: - . , 1 .. :_. ____ __ rAlR __ 2 _ __ ..... ~ ... 14.0'-._.·. 

.. _ J ____ : . . _ ___ .29_· ._ .. · __ ,14 ___ WATO" __ IS. ___ · _20 .3~ _____ 14" 2 ._ .. . ... ... _ - . . " ~9' •• ~77 ... ~ ---.-~1--. _ . _ GOOO_l_·· _____ 4. U __ ·. 
• OOOD .. ·J 8.88 

3 ·. lV . 
,';Jut ... ,; .... -- . 27 ;48 -.. .. -::'- 1~3. 8 

. ~ ,.. . 
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'STAGE S~OT PARTY LOCAl ION DELTA AZIMUT~ TR.YEL TIME 
KH SEC 

COMP IT fROM "S~, 
SEC 

___ ~"_ ___ --"2.9, ___ _ollz' ___ ~UYUL . ___ --"al_L4.8, ___ -1nh~~__'__~ ___ ·'J)_."~---- ~------}~~~--:~:----~1-:-: :-:-:-' --. &2.0' 
.'- .. -·- .. ~-J---:---i9--:---T6--- ... YUNlKAKR '--34;72- ----'- .. --1»;8'-· -~. e.J9 ---":"-z. ---fA-fil"" 2·-----.7.90 

---- -:~------ 2'9------1'7- . - -HTYARZlN---- 51-.2,-- --·- ,'7.8 ·-~-_-ot"",·.·!Jo·. Z -----oooDi-----W,Ol--
2C~~" ____ ...J,z JA.IR._2 ____ 2o_.Z.6 ___ . _ 

_______ 3 _____ 29. _____ (8 _______ Hll·lpAU ____ ... _____ 48.'-2 ___ . ___ ._,!I.' ... 0 .. _____ .11D.26 . _____ z ____ .. 1I00L.2 ___ . ___ ~.~ ._ 
U.16 Z . "UR 2' 10.87 

_____ ... ____ . ______ . ____ ._._. ___ . ___ . ________ -'-____ . __ . _11 •. " . ___ ~~Z _____ ,,_ .... 3.. ______ 11. Z6 __ • 
. .12.48 Z·. "a,R Z 11.99 . _____ ---------------------------~1~.1.' z· HilL_I lJ .• j,O ___ _ 

_1.6.U I. .. •• tI '2 ".88 

------·2i·---19------"A·8'~C----~-31.83~---· .. ··142.6-------7-;'78"-- z- ~ ".iii-Z--·--· '-~:iv-' --' 
________ ._. __ ._. ___ .... _________ . ___ .. __ .. ___ ._ .. _____ , ___ .. .9.08 __ . __ Z ___ -____ "OOR~~Z _____ ._8.''' __ ._ 

10." Z .' POOR 2 1lI.46 
_~-------'---~----_,_----------.~_~ __ 12.08 1 ____ HIR . ...:Z 11 .• '." ___ . 

______ 3 __ . __ -,_29 ____ 20_.--· __ !lAL:. ____ .. ~. __ --' __ 36 •. '8._. __ ._'41.2 ________ 8 .• 15 ______ ._. ___ 2. ______ 0000 .. 1 _________ !.!~ __ '. 
. 9."·,Z POOR '3, 9,26 

29 '21 8UL ---------J-,-.8i------i4z-;4----·---iiiz' Z·--- -~Qt,oDT----·,if6---

________________________________ -,-9 .• 2'_ I &000_1 8.,.7_6 ___ . 
11.02 Z 0000 1 10,'3 

_______ .. _~ _________ ~~. __ ." .. ------~ ... - ... - _ ....... ___ . _______ 14.'2. _______ 1.. __ ... _ .fAIR :2_ 14,0~_. __ _ 
16,12 Z 'FaIR '2 ",n 

29 22 TlY 140,0 8,65 I 0000 1 8,16. 
. __ ----~-----------------'-------~--ll.aa--~--~Z~-'----f.4IR.-'2 _____ 11.13--_. 

13,06 1 POOR :2 12, '9' 

·-.. -· .. -------29-----23 -- -VUl -------39·;14 .-- . ---1;4~'i----'-' -:--e-,-;-; - ------z--·----PoOR --;-'2 --- ... - 8i06---
. _____ . _______ . __ . ___ . ________ .! ____ . _______ ..: __ . ____ ~ 8.9, _1.. _____ 0000_.:2 __ ._. ___ . __ 8 .46 __ '_ 

9,48 Z POOR '2 8,99 ________________________________ ....:.. U,2, 1 _____ FAlR_.3 9,.76 __ _ 

3.. .. .. 29 .. ___ .. __ .24 ___ . __ M'M~._._ .. __ .. ___ ~u. 49 . _____ 142 .0-------.-7_, 62 ___ :"'. __ 1 _. _____ OOOD~ .1. ________ 7',13' ___ ... 
9,38 :. Z FAIR '2 8.89 

26.01. 6~'2 POOR 1 
_____ ------------------------------1.,-42 HIR __ L-

8,30 I FoHR'-f 

6,27 
l-:tl" 

__ .. __ .. ______ ._ .. __ .. _ .. _______ ._ .... _____ ~- .9,65._. _____ z_-_· __ . __ .FAlR _1. 8'".-~ 9,40 __ .. __ . 

_2,94.. __ .. _ . 

. 3-----~SO-· ___ 4 ___ -IIAIUNIU ____ · U+iZ_----1d •. 9 _______ 9 .. 91 ___ '-_'-____ fA I R _-1 ______ 9,66 __ _ 

30 VULCAN 164.8 

30 UY'~IEM 

11,93 FAIR 1 11,68 

',43 . I FAIR 1 '.18 
_._. ____ '.,81 .. _____ Z ____ .. fAIR ... 1 ___ . _______ 5.". 

9,33 Z FAIR .1 9,08 

7.26 
7,91 
8,94 
9.19 

3.. __ . ___ ~O .. ___ .. _1 __ .. _. __ ."UR~~'~L_ . ____ ' •• 24_ ._. __ .. sn •. O: ____ ~ _______ 4 •. 35 ________ z ________ .. 0000 .. _1 __ ._._._ .... ~.l!l __ . __ 
',36 Z GOOD 1 5.13 ... ____________ .. __ ..... __________ . ______________ ._"aJ _______ J ____ ..FlIR ___ 3. _____ ._. __ 7," ___ . __ 

. _____ ---3 ___ --,-.. 30.0 _. ___ -'8"'·'-- 8UA!lA-lIu.n ___ .l.I6 ... n~ __ ..l.·16J..a ______ ~:~~ ____ -'~L----{: l=-'~------; :iz-8---.. 

- .. 3 .. ---~---·~io--- --.il,-Eo-pi-- ----2'2 ;4'o-------iTz; 8'--------, ~e;:_----z------ -rATIi- i---- ----'~~6-
___ ~ ____ . __ . ___ . ___ . __ .. _____ ._ ..... _ .. ______________ .. __ . __ 7,.46_ .. ____ .1 ___ . ___ ~A I R __ Z ___ .. _ .. _ .... _'.21. ____ ._ 

11,03 Z FAIR 2 10,78 

30 '" UPDPO 139.' 7.97 Z 0000 I 7.72 
_____ . ____ . 9.,76 ____ . _________ I ___ . ___ ,FlIR.l_____ _9,'3 ___ _ 

10,17. Z 0000 1 9,92 
_ ______ •• ______ 0_ •• _____ ._._ •• • ______ •• __________ ._ •• _____ ._ •• _~_. __________ •• 111!J3 __ . __ .. _.~z, _____ . ___ ._ .. OOOD __ 1 ___ .____ ._11 .• 28 ____ --'-

14,13 T GOOD '2 13.11 
16.,7.0. T _---EA.IR_L __ ~ __ 16.4' __ _ 

3. _ . ___ ... 1,59 _____ . __ .1_. _______ 0000 1 _______ .... _1.,11.~_· __ 

... TAYUI. _ .. ______ .. 6 •• 0.._. _____ 129,' ______ . _____ .. 3,10 ________ Z_ .. _____ 0000 .1 __ ._~ __ .... 2,8' __ .. ____ .. 
6.n Z 0000 2 6,25 

. ___ -,-'-_____ ~ ____ _'_ ____________ · __ .8 ,00_ I 0000_2 _.7.,.7., ___ .. 

3.. ___ . __ ... ____ 30 _ .. ______ 16 ___ .. __ VUNlKAKR .184.2. . _.4,2'. ___ _ Z .. 0000 2. 4.00 

____ .30 __ . __ 17_ ... _ .. _MTVlRZlN _._. _34.32_ ___ 169,9 . __ 6,46 ____ ._ ... Z. ________ . pOOR _ 4 6,U. 

_ 3 __ ... _._.30. ___ 1B-IULU'u.II ___ ~. J.o...U __ . __ 154 •. 1 ____ 7.,33 Z aOOD_ .1 _____ 7 .• 08 ____ . 
8,23 Z POOR 2 7.98 

_9,'3. ..1_. ____ POOR.2 .. _ ,.9.28 
.11,26 Z fllR I 11.01 

_ .. __ 14,55 __ .. __ . _______ L_ .. _____ ,. GOO~. L. .14.30. 
16,37 Z 0000 2 16.12 

__ .-----,----.----19 ,'O ______ Z ___ ._OOO.O---1. .19.2'--.-' 

_3 .30 . .... 19 _ ... R.IBlUl _ •. 13.06 _ .... _1'2.7 ____ .. ___ ..... 18 __ . __ .. ____ z .. ________ OOOO ... L. 3.U 
6,01 1 0000 2 '.76 

__ .. _. _. _ ... __ ...... _______ 12.68- .. ~ .. --~ .. --Z-- . ____ FAIR .. 3 ___________ 12.n . 

.. .... _.3 . ___ .::tII ____ 20 ____ Ul. ___ : __ ·.1l .• 65. ______ 147 .• 2 __________ 4 ,68~-··---'--'---. 0000 __ 1 _______ 4.43 ___ ' 

SUL '11.02 . ,, _____ 4 • .7.'._ ... __ . ____ . 1 __ ~._ ...... 0000 .. 1 ____ .. ___ . 4.'0 
5.88 Z 0000 I '.63 

__ ... 7.,38 ... _~._~,--._.I_ .. ~ ___ .. fAlR 3 . ___ .... _ ' .• 13 
8,68 Z • POOR 3 . 8,43 

- - ._---------------------- --- .----- ---,- _ .. -.--------------_._--"---- ---- ---. Z . 0000 -1-----4;80'---19.79 3 3D 22 TlY 5.0' 
. _,_ ... 6.68. ___ .. __ _ .Z---- .. : .GOOD _ 2. 6.43 

.3. 30 23 YUl 22.00 .171.4 ',46 .•. ' .... .,._ .Z., _______ . POOR :2_ 5.23 
.5.6S '. Z GOOD 1 .',43 

._ .... __ .. ___ ._ .. ____ .•. --.--- .. ___ . ________ ... __ . _____ . ______ . __ ._ ...... _ . __ 6,ee ...;.~_ "_. _,1 __ ' _ ... ____ POQR __ 2"'_~_'~ _6,43~ __ ' , 

30 24 . ~lN ·151;0 

7.58.. .', z· GOOD 2 '.33 
_ .. ,--"-'.;.;..".-. " 

4 ,'01 
..... , ,08: 

.. 
Z 0000 . 1 

.Z,-___ , --c-_.~O.OR ~. 

::.""'." 

3.76 
_ .. 4;83.._ 

., "."",:' LPIS.A 
.' -~~,:-"--"""'" - -7 ---~ 
. "',' 
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SUO! SMOT PARTY , LOCATION DELTA 
KH 

AZIHUTW TRAVEL TlH6 
SEC . 

_-'-_ .3 _ _ ___ 30 _ __ . _H ____ ._WAN . _ __ . ____ ll,61 _ __ 1H., .01~ _ __ _ 

31 ' 

3 31 4 USANGA 40,83 i~.il·· - . · ---·Z- -·- --- , ' fAili ' 1 8,36 · 
. _ ____ 10,'6. _____ Z _____ JAIA __ 1 ____ . __ 10 , H __ _ 

-. . _3 . 31 .- -- '.-- - - _, _. ____ VULCAN . . . . 14.'4 _ _ _ . . __ 172,2 . . ______ . __ 3,91 . 2 _" '_ POOR . 1 __ .. . __ . 3,86 __ .. _ 
3,99 2 FAIR 1 3.94 

. . . _ ___ . _ ._ ... _. ___ ___ .4.12 _. .2 ___ _ . fAIR 1 _ ' • . _ 4,07 .. __ • . 
'. '.67 2 ' FAIR 1 ' . 5.62 

. ___ ---'47., '2_~ ___ 2 _ _ . -,_._J A I R ._ .1~..,... ___ ~.4 7_. 41 ___ -_ 

' . __ _ 31 : ______ _ _ 6 __ . _ _ ._ UVALIEH ____ . . 2',OJ . . --.- - . . 149,9. _. ___ ____ .. _6,17. ______ . · __ .Z 0000 6,U ___ ~. 
6,47 2 0000 1- 6,'2 . 

__ ._ 3 

_. ___ ___ ._ . ____ _ _ . _ __ _ ... _____ . ____ . ___ 7,94 _ __ ._ ._ Z _ __ _ . 0000 _.2 _. 7 .• 89_ .. __ ,_ 
S,U 2 0000 2 . 8,81 . __ ------~--9-," H ____ · __ OOOL _2 _______ 9_,,, ___ . 

3,09 _ 
4,·16 

._ ' , 51 

Z 
Z 
Z 

. 0000 . 1- . 
. 0000 2 

0000 2 

3,04 
4,11 
',46 

_~ __ 3 ____ ,31_ ___ L__IUR"o\-.RO __ · _ ._10 . U :" ___ 173. 7' ______ 3 ,'3. ___ _ Z _____ :. FAlR . .. 2 . __ . __ . ____ . 3,48 __ _ ·~._ -

· -3 - - . -· 31·--· - - -. ~RAED PT_. _ _ .. _ .... 1'," · 0 

31 11 UPOPO 29,71 

.. 31 . _ .. urOH 15 _._ .. 6,0'. 

_ 140, a ___ _ . ____ ._. 4,17 
7,n 

.. . 2 
2 

POOR 
fAIR 

1 
1 

4.12 
7." 

· ----13'-,·;;- --- · -- - ·- -- 6;60 - - .. ---.- -£ --... 0000 1 '6',,, -
__ . _ ______ __ ._9,00 .. ___ ___ 1. _____ .. _. __ rAIR _ .2 . _ _ ~ ___ _ 8 •. " ___ .-. 

. .. _298,8 _ _ 2.,26 . ---' '' __ _ .. __ 2. _ _ . _ ._ . 0000 _ i. .Z,21 . 

3 _ .31._ UVUI .. _ .. ___ ._. __ ._2,99 . 1,60 .. _2 .. 0000 1 1," .. 

31 WUNAKAKR 13,90 200,8 

' ; 40 2 0000 2 ',3' . ____ 6,40_ ... _ _ __ 2 _ ___ 0000 . _2. ____ . ___ ___ . . 6.35 ___ -_. 
8.60 2 rAiR 2 8," 

0000 ',64 

',89 31 18 HALAPAU 23,14 1",6 5,94 2 0000 2 . _______ . __ . ____ ___ ____ __ . ____ _ . ________ ___ ._._ ... _ . . . ___________ _ 6, 73 _________ Z. __ . __ ._ .000D_ .. 2 _____ _ ... _6.61 ___ · __ 

. . __ _ 3---_-Sl-_ __ ZQ ___ UL.: _ _ __ -1, 0,.7--' _ __ 146,0_ 

9.33 Z HIR 2 
__ _ 9,78 2 POOR 2 

10,61 2 rAIR 2 
.. 12.64 '.. . _._ Z _._._. __ . POOR . 2 
14.77 Z 0000 2 

9,28 
9,H ... 

10," 12." 
14.72 

2,43 
',16_ 
9.76 .-

Z OOOD- -1- --- - --r;'.----
_ . __ .. __ __ Z 0000 2 ',11 

Z 0000 2 9,71 

_ ___ .....13,13 __________ .0000 . __ 1 _ _ ___ . __ ._3,08. _____ . 
4,46 0000 3 4,41 

-, _. _ •... _- "- - -_._- _._ ... _---- --_. 1'0,6 .... --- .----- -.- 3,09 - - - - -- --i ---- ---· - -- 0000 . 1 3, if. 3 31 21 8UL 
__ ... _ _____ .7,29 _ . . _ __ . __ __ . L __ ._. __ . __ _ POOR 3 _._ .7,24 _. __ .. __ _ 

___ _ ..112., 92 ______ 1!U,' . ·----~t~:'-----f-----~~gg - ~ ------------- ~ ::t-----
"'1-8"0',0" - - 4.'6· Z' 0000 1 ',41--- _. u-31 

.. _. - -- .... 
n WUL . ___ . _ _ ____ .,;4 3... ___ _____ . ____ 2_ . __ ._ .. rAIR .. 2.. .. ',U 

7," 2 POOR 2 7,'1 
- - --_ ._-------_ . . _ _____ 9_ •. 76 ______ 2 ____ _ pOOR _ .. 2 ___ .. _ .... __ • . , 1.l .. ____ .. 

. 3 .. _ r - -' 31 WA~ . 6,76 .. 152,9 . _ __ ._. 2,43 __ ___ . _ .. .. .. Z _ __ __ .. __ .. _ 0000 2,38 . 

. _~ _ 32 _1. AALUANA ._8,81 .. 140,7. __ ____ .. __ .. ,3,49 _, _ ___ . __ ___ Z POOR . 1 3,U 
4,19 Z POOR 1 4,21 

------- - -_._ --- ___________ _____ ___ __________ · _ _ 4,33 L _ _ .. __ fAIR . _1 _ _____ _ . ~,3' .. _ __ . 

"O~OA 

32 VULC'~ 

10,57 

30,99 

3,94 

5,76 Z 0000 1 5,18. 

'1.2 - _ .. -- - ._" -3.01 " 0000 "i ' . 3.0~ 

138,2'- - --6 "; "14 .... - .. __ .- .. _- - - _ ... - " r"AiR 1 -',16 
, _____ ..,. 8,45 _---- : _____ FAIR .. _1_~ _ ___ 8,47 ___ · _ 

10,70 rAIR 1 10,72 . 

1,50 Z 
___ _ 1," .. __ . _ ___ c,Z. 

1.'" -Z 

0000 1 
_ ... 0000 1 . 

0000 1 

1,'2 
1," 
1,67 

- 3-2 -------- ·-"uRiKAK~----4.-7-2-- ----i9i,& .. --------·1-,7D--~-------aOOD - --.. --.- - -- "i:;2 -~---M ' 

32 8U~"A RD 1.47 '284, i . ,.1-, 03 ,z !iOOD l ' 1,05 

32 10 P~AED PT 7,60 100 , 7 2,73 Z 00001 2,75 
.. _ _____ _ _ _____ _ . _ _ . _ _ _____ . ___ _ _____ _ ... . _ ___ ._. _____ ____ .--.. 3, 97. .... _____ Z. _ __ ____ 000D_ 1 . _____ .. _ __ 3 , .9~ 

_ 3 32 .. _ 11 . UPOPO. _ 20 , 94 122,8 .. . ___ . ___ __ . 5.,28 .. . . ___ 1 .. __ .... _ __ .. fAIR .. ',30 _ 
7,43 Z POOR 7,4' 

___ ___ _ .. 9,30 . .. _ _ .2._..... .. rAIR ... 9,32 .. _ 
' 12,05 . T FAIR 2 12,07 

___ .. _. ____ _________ . _____ ______ .... _,_ . _ _ ___ __ ____________ . . _ __ ___ . _ ___ 13 . 16_· _ _ -1 ____ ._,.OOOO _ _ l _ __ __ .. ~._.13. 71 _ . -.-.-

. ... 3 32 14 ".54 

32 15 TAVUI 11.10 

32 16 YUNAKAKR 7,87 

19 . . UBAUL . '4.82 · 

329.7 

2,1 

.. 3,98 . 
5,76 
8.22 .. . 
9.42 

. 3,20 
_ ..•• 00 

',30 

_ 2 .... ___ ... 
Z 

.. Z 
Z 

0000 . 1 . 
0000 2 
GOOD __ 2 
GOOD 2 

.. -, ---i-- "---oo·oo ---l - -------
2 . .. 0000 .2 
Z fA IR 2 

4.00 
5,78 

.8,24 . . 
'.44 

3,22 
4,02 
',32 

aOOD, ' 2 . 2,81 
P.OOR ~ _ 2 ... ___ '.- - __ ... 5 ·,72 .- .- . .. 

2'1,' , . 2,79 Z 
.. _._ : . .. _--,-~_,,70 . __ ..... _ : .. 1.._ .... _ 

. 558.9 . _ .. __ .... . . 1 ',97 
'4,40 
. 7,70 

. . __ 2 . . ... __ __ 0000 . 2 _ 
Z POOR 2 
Z __ _ .. . __ _ :._ fA.lR _. 2 

.. 1,99 . 
".42 . 
7,'72 _. __ ": _ 

__ .:....~~J~1.~ _ 
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I 
1 
I 
I 
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1 
I 
I 
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- __ . . S 

. SMOl LOCATION TRAYE~ TltiE 
9EC 

COMP 

.,,-_-..1'4'_' ___ 2 0_' __ '_. 'l ______ 3 .a,),~ ___ ".~ 1.70 z 
2.07 Z 

TT ,.ROI1 ' I1SL 4 
SEC 

P:A.I.R-l 1 .•. 7.~ __ . 
rAIR . 2 2.0' 

- . .. --.-.----.:..-..--~-.- .--::- -.~ ---'-". .. ~. __ .. ... _ .. 2.80 ...... _ . .. . _ _ L __ ... . _ 0000 ._ 3 ___ . __ ._2.82. __ .. 

. .. .. _ . _ .. S_. ___ .. _32_. __ .. ':' 21 . _ . aUL ._ .55.3 ___ ... _____ .... 1.60 .. ..... ... _ . Z .. .... _ . _ .. 0000 . .. 1 __ . ____ __ .1.6a __ _ 

._----3 ____ 32 . 2~._. _. _ ··UV' ___ _ 5.'3 ___ ' _ n.'._ ·2.03'_____ .QO.00_l __ . _ __ 2~.!I _' __ _ 
3.03 'Z 0000 1 3.05 

. _ .. , ___ _ _ __ _ ' __ ."- ' _ , .. ~ ._" .. _ .. ___ ..... ... . _ _ .. _ .. __ .. _ .~ __ . _ 4 .• ~.0 _ _ _ _ L ____ .:OOOO 1_ ._ . __ ~.~~ __ _ 

_ 3_. __ ':".:32 __ ' _·"_13 .": ..... _ . vu~ .. . _ .. .... _ ._ .. 6.00 . _ _ .. _107 .• 6 __ . ____ 2.0S _ .. _ .. _ _ ..: .. i_. ______ aOOO_l_. . _ ... 2,U . __ _ 
3,10 Z fAIR '2 . 3.U 

________ -' •.• 60_ Z f.00R __ 2 _____ ~4.62---
9,70 Z POOR 2 9,72 

. ----3·2-- .. ·-24·--.. · ~.;~ -· .... ---'-'4;'2--- ·· .. -·· " ;,1 .- - .. - --·i-;''-- r ---.. -·- rAiii'i- - '--1.'6'-'--
_. _____ ._ .......... . _ .. ... .. .. _ .... _ ... _ ... __ _ .. _ . __ .. .. _ ..... .... _ .. . ______ • 2.80 ..... _. __ _ . _ .. _ .. _ . .rAI~ .. 1 .. __ .. 1.82 ____ .. 

3.60 Z POOR 2 3,62 
. ________ -'-_..;.....'-'--,-_~ •• O ______ Z _ _'_ __ .P"OOR. 2 •.•. 62 __ _ 

2 • ., .. ...... _ .. ...: ... z_ .. _._._~ ,rA1~ . . 1 . __ 2 .. .. 62 _ _ _ 
3.14 . Z HIR 1 3.11 

. --" - -----.- .-.. -~-----.---- ... -.. - ._ .... -- -- ----- ._. - S .• 96_ .. _ . .. . _. __ I..._ ... __ ._ .. 0000 . _ 1 ..... . -0-.... - .. . 3 .• 91 ___ . 

_4-_...,.-IIN.,NO .... _____ 1Z~ 66I ____ ·.JI.,2. :i .. ______ .3. 44._-'-___ 1 ____ . , AlR._ l . _ ____ S .• ~l ___ ' 
3,86 1 0000 1 . 3.n 
6.20 . . .1 . GOOD 3 6.17 .... .. _ .. 

.. .. .. ae.n _ 131,4 . .... _ .. .. _ .. 6 • ., .1.. . rAIR .1 6.6I~ ... _ ... _. 
8.27 I 'AIR 1 8.24 ·' _______________________________ ---,-'.0'.____ ._P.00R ... 1. _____ , .•. G2 ___ _ 

. 10,n Z POOR 1 10 •• 0 

33 

3 . . · .. ·33 .. · 

. . 3 .. _ ........ n .. - . 

, VUI.CAN 

• 
10 

u · .. UPOPO . 

..06 309,4 

84.0 

1,18 
.. _1.46 ... 

1. ,. 

1.76 

2.4' .3." 

Z 
L _ .... . 
Z 

2.34 
.'. 3,20 

4.13 

'j. .'. 
i-----OO'OO- -.---.... -2,'42--

........ 1 0000 '.: 2 . 3.n 
. 18.26 . .. .. _ .. 120.1 . . 4.16 ... _ ... _ ... _ _ 1 .. .. POOR .4.n 

6.71 Z POOR '2 6.61 · 
. _ _ . __ . _ _ ___ .... __ . _. __ .. ___ .. ·_1 .• '6 .. ____ .. 1 ___ . . _ .. r AIR._ l _ _ ___ 7 .•. n--- . 

9 •• 1 T rAlR 2 '.31 
. 12.12 T 0000 .1 .. n.a . . ....... - .. -

lL __ ... " NATO" .IS .. _ .. .... _ 18.2. _ .. ___ .. U7.7 . 4.40 . 
5.94 

.. . L ...... 0000 _ 1 . ___ 
rAIR 2 

•• 17 .. ___ . 

TAYUI 3.50 
. 7.30 

Z 

z 
.z... . 

'.91 
0000 S •• 7 
rAIR 7.17 

. ___ ... 3 .. __ .. _ 11 ____ 1L-__ ' .UN'AKAKR _ ___ , • .• 39 ____ IO! .• 0 .. _ ________ 3 .• o Io.l _____ Z _ ___ q.o_o a _ I ____ ._, .• ,~ .. __ · _ 

.. 3 __ .... .. . SL _ . __ _ 19 .. "B~~~ .. . 7.11 2.36 
3.96 .,66 

. 1 __ 
Z 

rAIR 2 . . 
- rAlA I 

... 2 .• 33 .. _ __ . 

.... _ _ ." . 1 .. .. - - . 0000 2 _ 
3.n 
"-,.,----

.. _____ __ .3 _ ___ 33.. ___ 20 ___ 111.' _ _____ 3 •. 92 ______ .2;. i _ _____ 1 •. 7.6. ____ --1 ____ ___ .0.000-'1 . ____ ' .L,~7'~ __ __ 

L ._ . .... _ .. 31 . . 21 SU~ 3.72 e.t " 1.7 • . 
3.06 

... . 1 _ _ . . ... 0000 . 1 .. _ . _ _ 1, 7.L _ _ . 
3.03 

33 

33 

1 POOR S 

22 UY •• 33 56.. 1,96 ...... z'- ---- .. 0000 1 · ·i~ -O·f-- --· 
. _ _ ___ _ ._. __ .. _____ _____ .... __ .. _ ___ _ . _ _ .2 .66_ .. ___ -Z _____ GOoa ._2 ____ 2.63 . __ _ 

. 23 vu~ 

3.0' 1 rAIA ·z 3.06 

2.09 
2.86 

.. i ' 
.1 ... 

0000 
_ rAlR 

- 2;'06 
.. 2.n ... .. _ __ 

_ 3.. .... _ __ . . 33. ___ ._ 24 __ .. WAN ._._ .. _____ .. 6 .• 62 ____ 3.46.2 ,, _ .. ___ ... _ . ___ 2.06 ..... ____ 1.. _._ .. _ _ .J A I R .. L _______ 2 , .u __ _ 

2.76 1 POOR I 2. " 
3,43 . 1 rAIR 2 .3 •• 0 __ . __ 
4,36 1 FAIR 2 •• 33 
6,43 ... 1 . ... . _._ ... FAIR 2 .6.40 ___ _ 

.. 3 _____ .->CS4!...... _ _ J ____ ~A~UANL _____ 3 .• 14 __ ~U3.3 ._ . . ___ _ 11 .6~ _____ __ L __ __ 9000 _ 1 __ . ____ 1 • .!1 _ _ _ 

.3 . 

-. 3 .- __ .. 

S 

34 . ... n.90 . ..26 
5.Z. 

. 6,94 

. 1 
1 
1 

FAIR 1 
0000 1 

.' 0000 1 

4,23 
9.21 

.'.91 

34 .. _ .. _ . _ .. .... _ .... UBAHOA ___ __ .25.2L .. __ _ m.' _ .. ------ ::~~ .. -------f.--- -- .~~~: .. ~ .. . ------ ::~~---

. 7.~1 .1 POOR 1 7.21 

.5 rUI.CAN 

34 6 '.30 

34 "URlKA~L 10.25 

166,8 

130.6 

316.5 

1.46 .. Z fAlA .. 1.4(. _ __ ._ 
1.70 Z 0000 1 1 •• 7 

.. _ _ _____ 1.80 . .. ___ . _ __ .1 ___ ___ .0000 . _1 __ _ _ __ ___ 1 •. 7.7 _ _ . ... 

.1 ... . . 00.00 . 1 

S.U OOOD . 3.15. 
••• 3 1 0000 :2 •• 40 

. __ ~_ . _ ___ . . . _____ .. _ . . __ . ______ _ .. ____ .. ____ . ____ .,._ . _." ... _________ . 6. '4 ______ l _______ QOOD _ 2 _ _______ 6.11-:-__ 

3. 

3. to 

3. 14 

15 

BUA"A AD 

ARlED PT 

UPOPO 

UYUI 

7.00 321.3 

9.82 '0.7 

113,1 

329.6 

16.39 

•• 33 ., . ., 
'.19 ,.n 
7.'L .. 

4.50 . 
6,10 
'1 40 

L _ . 
1 

0000 .1 

0000 1 
0000 3 

I.U 

2.U 
3.91 

-z--.. -'-GOOD " -1------.. :;·0---
1 ... 0000 _ .1 '.U 

1 
1 

._ .... 1 ._ .. 

. .. 1 
1 
1 

0000 ... 1 9.12 
0000 2 ',02 _ POOR. __ 2 .. ____ . _ _ .. 7 .• u __ .~ __ 

0000 1 
FAIR 2 
rA·IR: 2, 

4 •• 7 : 
6.07 

_ .... 7.37 _ ... . 

-___ .Y~J~~A_ . 
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SUGE SWGT PARTY \'OCAl ION DELTA 
KH 

TRAVEL TIHE 
SEC 

CO"' REMARKS . .- TT rIiO~' ~8L 
SEC· . 

.3 .. 34 11 MTVARZIN 12.62 .193.8 , 3.'3 i .. GOOD . . __ . . • _ .'.3,;0_: . _ _ ' _ _ 
21,73 Z GOOD 21.70 
22.73 H GOOD .. __ 22.7.0_. __ _ _ . _ _ 
30.21 Z GOOD 2 30.24 

_ ___ ._._ .. ______ . _______ . _____ . __ ___ _ _ . ~ __ __ _______ .. _32, 73_. ____ ; _ __ L _ _ _ ._._ POOR ._2 ______ . _3.2.".7_0_'_'_' _ ' 

3 _ .. 34 _ .. 18 . ",l.APAU . 6.82 . 

·34 ·-- --- -19 . --. __ " _ _ ASAUL· 10.n .. ... 

34 20 

34 21 

._ .. 143.3 _2.80 . .. .. .. 1 GOOD 1· _· ... _ _ 2,n_~ _ 
3.13 I . GOOD '2 3,70 

__ . ___ . _ _ 4.63 _° .. __ 1 .JAIR _.2 .. _ __ . _ _ .4,60 .. _ ___ .·,'. 
5.89 Z POOR 2 ' '.86 '" . 

__ ___________ _ 1.,17. . _ _ _ ___ z _ __ __ . _. fA IR_cl .. _____ 7 .• 14 ____ ; 

. U2 . 9 . 3.26 
4 . 63 

·:'.80 
6,76 

2.60 
3.06 
3.13 

_ .. Z . 
Z 

.. . 1 
1 

. rAIR . 2 
GOOD · 2 
FUR .2 .. 
0000 2 

3.2L_:.... __ . 
4.60 ' ' ·,17 .. ___ _ 
6,73 

-- - ·-f'A1R- -1----- 2;'-7---
rAlR . 2 ___ 3.03 _ _ _ ' 
rAIR 3 3,70 

. . I 

SUI. 6.81 3".6 '2.73 . . - '- " z" .. '(fOOD- i' - - - - -2";'70'-" '-'- ; 
. _ _ _ . _________ ___ _ ______________ _ _ _ _ . ___ '---_ .l.43 _____ Z _ __ _ ___ fAIR._l . ______ 3 .•. 40 ___ I 

34 

34 

3 

22 

23 

24 

__ 1 

. 2 

lAY 

VUL '.74 

RA\.UANA 1.07 

167.9 

11.06 Z rAIR 2 11".03 

2.06 

2.20 

GOOD 

0000 
--.- ... - -----.--- ----- .~. --- -- -

2,03 

i.17 
34'.9 2.93 Z 0000 2.90 

3.16 1 0000 ___ .. 3,73 ___ _ ... _. 
4.83 Z POOR 4.10 

.. '.10 Z . rUR '."_.~_ 
8.13 Z POOR 2 8,10 

. ___ _ _ . ____ .0.66. _ .. _ _ _ Z _ ___ . _ _ . .... . FUR _ .3. _____ _ 0.,63 ___ : 

168.3 _0.61 GOOD .1 .. .. __ o,n _ 

NONGA . 17.13 342.' . '.16 .. Z POOR '.06 ._ .... . __ ' 
6.00 Z GOOD 3 '.90 . ____ _ ___ . ______ . ___ ____________ 6. n _ __ ____ Z _ _____ .. 0000 __ 1 ___ ___ ____ " 67 ____ ' 

KASANGA 13 •• 6 

. VULCAN 6.21 287,6 

8.00 Z rAIR 3 7.90 

i 
Z 
Z 

. 2-,33- ---- '--'- Z ' -.-
2,'8 Z 
3,32 Z 
3,46 _.---- z_ 

r A I R 
POOR 
POOR 

fAIR 1 
rAIR 1 
rAIR 2 
rAlR 1. 

' ... 
7 .• 12 
8.04 

"'-"--- '2-;'2"3---' 
2.48 
3,22 
3,36·_ 

3 ... __ _ _ _ ~ _ _ __1 ___ .. "URAKML_. __ 1.2. _46 _ _ _ .31.0,6 . ____ __ _ ~: ~~-----i------ :~~~ --~---- - .. ~: ;:-- -
8UR"A RD 3,21 

.. io .RAED PT "'4~-B4 2',1 1.97 ---Z FAIR 1 1,'7 
. _________ . _ _______________ ._ . ___ ___ __ . ____ .~ '-2.' . _ ______ I_.: ____ .. GOO.0. __ 1 _____ 3.1.~ __ _ 

.. _ 114.,4 3,78 
4,,;5 

... 6,82 ... 

__ .. ___ J .. _ . 
Z 

.. - -.--~ ... . -

GOOD 
FAIR 

.. r A IR 

3,68 
"' -"--4, '13-" ---

.. ... h!.L _. __ 

. __ .~ _____ _ . ..l_~ ____ ._1~ ___ "'-lO~_IS _ _ __ Z3 •. 3.0 ____ . _m _,'l .. _ .. -- -------~:::----. ---~------m~ ~ ------~:{-:----

_ 15. TOVUI 

11 

.3 _ . ___ ... _3' _ __ .. _ _ 18. ____ ~A\.APAU_~. __ '.O L _ ____ 160, B _ 

_ 35 . ... U9A~L . 

20 RAL 

21 SUI. 8.02 .. 338,6 

" 23 vu\. 273.2 

35 24 WAN it ::13 .334.9 . 

• ----'-- . :..._ •. -=--. __ .•. _._. - :_ .• _. _. 

3 . 36 l ' 3 .. 80 281.,9 

10,21 . ~ rAIR . 3 .10, ,11 __ ... 

. 2 
1 

0000 
GOOD 

',OJ 7," -- -

3,82 . Z. POOR 3,72 
4,98 Z . POOR 2 4,88 
6, .~,_ . ________ L_· _ . __ FAIR_.2 . _____ 6.3' . __ _ 
7,52 1 GOOD 2 7.42 

2," i: POOR 2 . .. - 2~.' 
.3,92 Z r A I R· . . 2 ,.: .... 3,.82 .. __ . __ 
4,35 · Z rAlR 2 4,2' 

___ h'_8 __ . ______ L ;. _ _ .. :_---.-[A 111 ...:2 ____ '--_ _ . _4_,1.8 __ _ 

.1 .. _,. __ ... ,rAIR 2 · 
1 nlR 3 
1... __ . . __ 0000 . 2 

2',ila _ ..:. __ .. 
4,15 

_ .. .. ",, -_._---
.2 ,l' _ ____ ~~Z ___ ·_ , O,OOD".-l-- ' ____ . _ _ 2.0'_· _ ._ 
3.82 . 'Z GOOD ,, 1 . '3,72. _ .. 

2;75 
3,1,. 
4,25 

3i28 
4.65 .. 
5,'" 
6,2' 
6 .• 9:8 " 
:7, .9.e e:_ 
9 ',28 . 

1';86 . 
2,33 

.-- ... -"- -z . 
. Z 

""' OOOD · . i - ~ . . 
. _ ciooo :; 1~-, ' 

-2;6'; " - . . 
c __ 3 , 65 . . 

4,15 

' .. ~: .Iff=~~:.= 
LP~i' 



-.. I 

I 
I 
1 
1 
1 
1 
·1 
1 
1 
1 
I 
1 
1 
1 
1 
I 
I 
I 
I 

nAGE S~OT .PARTT LOCATION _ DEL TA 
KM 

TR~VEL TIME 
. SEC 

co.p " -T 'i,;oi.: . ~~ . 
"sfc 

_ _ . ~3_. ___ 36,_~ __ -,,-2 ___ NONoa _____ __ _ .. 20 .• 61 -.--.. U4. r 

36.. .. __ .. _ 4. 18.97 142.8 4.79 1 rAI~ .. 4 ·.7L __ _ 
·5.06 1 rAIR 1 '.06 

.. ~_ " ... __ .-----._.'.69 . _ ._ .. ___ _ 1 _____ r.IR _ _ L . ____ -" _ •. 6' ___ . 

KABANOA 

6.70 1 rAIRl 6.70 
7.n 1 rAlR '1 __ _ _ .. _ ___ -'_.32._ . _ 

3 _ .3L. ~ .. _ _ .... , .. ___ . . VULcaN _ 10." . 192.7. . 3.22 rAIR _.L~ _ __ ___ .. 3.22 . ____ _ 
3 •• 9 1 0000 1 3.49 

__ ___ ... _ .. _ . "_~~-____ _ _ 6.1' _ _ ___ _ __z _ ______ r.A IR _ l _____ 6 .• 15 ___ _ 

L ... . .. .. 36 . "' _ ____ ... . 6 ____ __ ~aV&L lEN .. ___ .3.27 1.78' 
2.48 

1 _ 
H 

0000 1 ___ . ___ ___ 1.78 ___ . 

3 . 

36 \ 

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

8 

36 10 

BURMa ~o 

. ~AAED PT 

le.83" '307. ·. · -.72 1 
_ ... _ _ _________ .. _ _ '. 20_ .. _____ 1. _ _ _ 

6.17 1 
8.57 1 

·10.'0 1 

0000 1 2.48 

0000 1 " - . .... 4.12 
_ _ _ 0000 .. _ 2 ______ ' .• 20_' __ , 

0000 2 6.17 ' 
0000 _2 ... _ __ __ _ . .. 8 •. 57 __ _ _ 
0000 2 10.'0 --".;2,--'-

a.'3 
.. 4.3' :. _ 

2.98_ .. _ ... _ .. 

·- · ___ S-_-l6. ____ 11.!4 _ _ _ U .TOM .. . IS ____ __ 27.15 ____ .3Z1.' ________ .6.33 _ ___ __ .. 1 _____ _ .HIR .. _Z ___ _ _ 6.U ___ . 

. 3 

3 .. 

. 8.2' 1 rllR 2 8.2' 
10.72 1 . rAIA 3 10.72.. ___ _ 

u _. __ .... _ .. UYUI · 21.00 .3U.3 ... '.2' .l.. 0000 .1 . c.'.U ... __ ·_ 
8 .'5 1 0000 1 8. " . _ _ _____ _______ . ___ ___ .. _ _ _ .. __ .. . ___ _ _ _ .. , __ .. .. _____ ... 10.15. ____ __ ... L __ __ .. .. _000D __ 1 _______ 1O.U_· _ _ ~ 

.36 ____ .... .. .16 _. .. .. VUNAKlK~ 

.. 36 ....... 17 _. _ HTYARZlH 

188.3 .. 

3." 
3 . 87 

.1 0000 . 2 . 4.tl _~ .. _ 

. .. I.. . DOOD . 1 3. " . __ .. _ 
H 0000 3 3.87 .. _ . _ _ _ _ . _ __ __________ _ __ . _ _ .. __ .. ____ .. _ . _ _ " . ...... __ . _ ___ " . __ ___ ___ .. _ .. 4.94 __ .. __ ..... H_. ____ .. ... . f AI R .... 2 __ ...... _ ... _. _ .. 4.94 __ _ 

'.7' 
9.09 

10.96 
.13.16 

H rAIR a '." 
1 rAlR 1 9.09 . 
1 rAlR 1 10.96 

.1 FAIR 1 13.16 ... .... __ .. 

--- ----S_ · _ __ S6· __ · _ _ .. U ·_ .. _ ._ ULAPAU. ___ .... __ . 3. 36 ,,_. __ .. 219.9 ... ...... _ __ .. ... .. 0.80 ___ .. .. _ .. . _ .... 1 ._ ._ ... _ .. _ 0000 .. . 1. ._ ._ ... _ ..... _ .. 0 •. 8D..:..... __ ·. 

36 __ 19 USAIIL 15.82 4." 1 ... rAIR 2 4.'" 
6.32 1 FAIA 2 6.32 
7.4, 1 POOR 2 7. n . 
9.4, 1 POOR 2 9.4' 

___ _ .. __ . ______ . _ _____ .. __ .. _ _ _ ___ . __ .. _ ... .... ... .. . _ .. _ _ 10 .• 85 . _. _ _ .. _ ___ 1 __ ._._ ... 0000 __ .1... _ _ . __ .. 10.85. ___ .. 

36 .. 20 UL rAlR 
POOR 

3.42 . 
'.11 

_ .. 3. ___ _ . .36 ___ :""'_2o __ , _UL ~_ .. __ ___ . l1. 15 _ __ _ 329 .•. 2 

.. 3 .. _ .. . 36 21 . SUI. .11.80 32'.1 .. 3.7a rAIR Z. 3.78 __ . _ _ _ . 
4.72 1 rAIR 2 4.1Z ........ _. ___ . _______________ .. __ . _____ .. __________ ._ ....... ____ .. ___ ~: ~~ _____ ~ .--___ .. ~~~~ _ =_ .. _ .. ___ ~:.::'-L 

3 36 ·'AV 9.U 3.02 
4.08 
6.38 

1 
.1 . 
1 

0000 1 
, 0000 _ 1 

FAIR 2 

36----i3' .. - --iuL .. -.. -.. -- - ·--U;l6----2i2~6- - - ---.. .. - j. ,-a .. - --... ·-------0000 

4.1' POOR 
2 
2 
2 
2 

'.08 FAIR 
7.3' FAIR 

3;02--' 
4.08 .. 
6.38 

- ---j -;-!fa- --· 
_ 4.1' ...... .. _. 

'.08 
7.3' .. _ _ .. _ , 

POOR 
----POOR 

_ 3. __ .. _ .... ___ '.12 ___ . . .. __ 3 ____ ._ ... 36 ______ 2~ ... . _ ___ w.N .......... _._ .. __ . __ .. U.17 .. ____ ..... 32' .• 3.. .. .. . __ -'-.... _. 4.12 ._. ____ Z ... . _ 

3 ' 

3 

'.72 1 
7." . Z 
9.4, 1 

11.42 . Z 

... 37 .. ... 2 .NONO' 327.8 '.88 1 . 

rAlR 
POOR 
POOR 

0000 

3 . '.72 
2 7. ,, _ __ _ ..... 
2 9.4' 

.2. U.~2 .. ____ . 

'.90 

_H KAUHOA . 13.'0 150.6 3.79 FAIR 1 3.81 
3.84 1 rAIR 1 3.86 

.. _. ___ . _ _ _ .. . _ _ ___ .. _ .. ___ __ ... _ _ ._. __ "_"_._. __ _ ,, ._. ,, .. __ .. __ ____ _ .. _ .... 4 .• 07 _. _ __ __ .. _ .1 _ __ . __ JA.IR . . 1. ___ _ _ .. ..... 4.09 __ ... ~. 

37 

._ ... _n 

VULCAN _ 16 . 37 297.0 

6 UV'LIEN 4.01 272.6 

4.33 Z. FAIR . 1 . 
4.48 1 rUR '1 '.8' .1 FAIR 1 
6.98 1 rAIR 1 

10.21 _ , ___ .. _ .1 _ __ __ _ .. ". POOR .. 1_ 
1 0.86 1 POOR 1 

" 1 
H. 

0000 1 
0000 .1 

4.3' 
'4.'0 '.17 
7.00 

.10.23 .. _,- .. 
10.88 

1.48 
. 2 •. 11. 

.7 ._ .. _ ... . ... KUAIKAKL .. · __ ... ' .. 22.71.. ___ .. _._. 307.0 .. _ _ _ ....... __ . ... . . , .• " .. .. ___ ._. Z __ __ ... 0000._1 ._,'.61 

'" 19.38 

io ." PRAED ' PT 11.90 

11 UPOPO 3.5a .. 90.0 

8.21 1 HIR 1 
10.86 z_ FAIR '2 · 

'.09 7.,. . 1 
Z 

rAIR . 2 
'FAIR 2 

a.Z3 
. 10.88 

'.11 7." 
' j;62 

7 •. '! 

' -i .----.. - Do'aii --1---' -----:; ~64 : -----

' 1.67 · 
2.4' 
3 . 02 . 
4 I 06 

. 6 ~ 46 

1 0000 ' 3 ,.. 7.'3 

1 
Z 
Z .. _ . 
Z 
1 

GOOD 
r.IR 
0000 . 
GOOD 
GOOD 

1 
1 
.1 ___ .... _ .. 
1 . 

2 . 

1. '69 ' 
2.47 
l,04 . __ .. -:..-
4, DS .' 
6.48 

3. _ 37 ,"roit IS ' 7.0' . FUR 2. .. 7.07 

__ "' __ '_ .... ___ _ .. _ .... I:pi~~ ... .. 



1 
I 
I 
·1 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
1 
I 
1 
·1 

I 

. SHOE SMOT ' 

37 19 

3 37 20 

LOCATION . DELTA 
KM 

lZ I~UTM REMARKS TT rROM Ma L 
SEC 

. ____ " 1 ____ :,~~0.00 .. _1 ...:.. ___ . _ _ 6 i 1.~ __ 
1 0000 1 11,'i 

V' UHAtcA~A -23,24 292,4 . '.98 Z - - . . --. " 0000 2 . . -- ·'- --"".'C'-O·--
___ ._. . _ . 9,09 .1 . ___ . __ _ POOR ._2 _ .. _ .. _._ ._ . _',11_ .. 

' 1,,71 1 rA'IR 2 15,n· 
__ . ____ ... _____ ____ .. _______ ._ . ___ .........:. _ __ 19, .~8. ____ _ __ ~'__ ____ F:!\I~_ ~_. _ _____ ~~.,~. 

__ .. NTYARZJN .. l"la .. _ ___ .. 14.6,9_ 

16.6' ''- -- -. ifli,r -- '-" 4,21 ' ---- .-- -1" --- - - - '0000 --1 - - '" --~ '-4~ir 

_ _ _______ ;---;-____________ _ ___ ~ .. ~ ,91 ._ .. 1 __ __ .:. ~00R _ _ 2. _ ____ !l.,'_3_ .. 
',71 . I ·· rAIR 2 ',73 

37 SUL 17,44 318.3 

._ ----_._---

22 TAV 324,0 

',~1 ~ ~O~R 2 ~,j3 
... _ ...... _ ... 6,44 . . .. . _ z . ...: rAJR . 3 . _ .. _ ._ . ..... 6,46 

7,41 I rAIA . ' 3 7,43 
. ____ 8,31 . _ _____ Z __ . _.:: ... r AI R ___ 3 __ • ____ .. 8, n .. · 

11,0. I 0000 ~ 11,06 

j"l I 
',38 . _ .. .. .. _ . 1. 

0000 1 
rAIR .... 2 

3;93 
.. _ .. , , 40 

.. --3·----I.1----U ___ VUL .. _ _ . ____ L7·, u ___ . 289 ,.7- . .. -------4,41 .. ____ ._1. _ _ _ ... _. 0000 ... 1-_ . ____ _ 4., 43 

37 

',18 Z POOR . 2 ',20 
" ... ___ ._ .. .... __ _ .7,11 .. . _ .. c _ .... ... I . rAiR . 2 7,13 

8,U I ,POOR 3 1,23 

20,78 319~6 · -·· -- ... ---- _ .. '.11 Z . "POOR' 2 .. ' i.13 
___ .,--_________ .. _______ .e,11 ... __ ___ Z _____ .r AIR ___ 3 .. __ ._ .. __ 6 ;13-

7,71 1 rAlR 2 7,73 
.9,U .. .. I rAIR .:.2 . ',13 

"LUANA . ...... 30.16 •. _ . . 315,7 .. -.. .. -.- .. _ . 7,n 
9,09 

HONOA 47,09 9,71 
10,63 
11,60 
12,80 _ 

.1. 
I 

0000 
0000 

0000 1 
0000 1 
0000 1 

. _rAIR . . 2 _ 

6,76 
8,13 

9,2' 
10,17. 
11,1· 

. 12 , 34. 

. ___ !. _ ___ !L_ . _ __ • ___ KABANOA. _ ____ .. & ,00 _ ___ 311. 6. _ ___ ___ . __ 2,8' _ ___ Z _ __ . .... 0000. _.1 ... _ . __ • _ _ .. 2 ,n .... 
4,79 Z POOR 1 4',33 

_ .. 37,49 . __ .. __ .z POOR .1- . 37 ,OJ 
43,06 I ' rAiR '1 42,10 

3. _ ___ 3I. ____ ' ___ WULCAH ____ U.61 ___ .. 312. a .. _ ... ____ 7, 98 ______ z.. ___ _ 1'.00R~_1 ___ .. _ _ 7_.'2. 
9,91 Z POOR 1 9,4' 

38 6 .. VALIEN 23·,96 1i,07 
... 7,73 

9,23 

"--"'-' -'- i'--- '" '- " -- OOOD ' i " ... ... - - ',61. 
____ ._._" 1 ... __ ...... _. 0000 . .. 1.. ...... _ .... .: .7,27... 

" rAIR 2 8.77 

38 ------~R'KAi<C· 43.48----31';0- - -----9;34- ziiOi,-c·-l -----a.u ' 
._ .... _ .. ____ . . .. _ ... _ . ... _ ..... _ _____ . ________ .... . .. _ ___ . . 9,78 ... _ ._ .... ___ Z._. _ .. __ _ 0000 2 .. _ .. _ 9.,32. _ 

12,65 1 0000 2 12,1' 
_. _ ... .. _ .. _ ,,,. _ .... _ ... _ ... _ __ . _____ .... __ ... n ·,28 ___ . _ ... .. _.L .. ___ ... __ .0000._.2 .. . ..... .... 12.82 .. 

3 .... __ ..... 38 10 . . . 324,6 1.,64 .. 
9,12 

... _ 10 , .~i 
12,43 

.... _ .. _ .. .. z.._. .. . rAIR . 1 .. .. _ ._.7., lB .. _ . 
1,66 

11 

38 14 

Z rAlR 3 

.:"-- .. . ~ . - .. . - - ~::: .. ~ ... 10,46 .. 
11,97 

uPOPO----~;_32---33i;_1-----· - ' ·;i'6------f ' - - ---OOiiO- ·s --·- ---"4;70 
.. _ . ______ _ ... . . 6,67 .. .... ....... _ Z _. __ .. _ ...... 0000 .. 1. .. . 6.21 _ 

12 . 12 1 rAlR 1 11.';66 

320'., 
. ------3'8.-". 1 ='----,T.,.,.A VUl-·---47~4a---""'i26·:i""------9-;iO--·----I-----·-·il~OD1-"-----9.3·-4 .-· 

_ _ .. ... __ ..... .. __ "._. __ ',,_ ... '" .... _ ..... _ .. _.. :_ 11,40 .. _ . .... . _ .,' I .. ... ~.· .. . ... ·. OOOO ' .1 .. 10,94 
14,40 z · rAIR '2 13,94 · 

38 16 ¥UNAKAKR 3-07,2 : 9;'1 · .. - .. ·-- .... i 0000 2 ' ,;0'; 
- ---.--_._._ ---- _ .. _____ .. __ .. 11.2' _____ 1.._" .. __ .0000 .. 2 ... _. __ 10.79 _ _ 

1'3," . Z . 0000 · 2 13,19 1'." _ .......... 1 _ .c... ._. ·_.,. POOII "· 3 . 14,69 . • ~_ 

38 .18 26.'1 _ .. ___ . _312.3 _. _ ...... 6,.0 : · z 0000 . 2.:. __ ___ . _ ',94 ... ...:.... 7," ... - .. -.--- Z· - ." .... - .. .. - 0000 1 1.09 
__ ___ ._ .. _ _______ _ .. ___ . __ .. _ ___ ____ .. _ _ . ________ _ _ ____ ',48 ._. __ .. .. . -"-_ z . _.~ ___ OOOO. __ 1.. ____ ._9. 02 _ . _ 

38 . . 

. 3. . 38 

3 

38 

20 

21 

i2 

·23 

RAL 

SUL 

TAV 

VUL 

37.91 . 

. _'---=- ~-- ~--.: ..... 

'. 32:!. 7 

'37.40 --' ~"'OB;I 

10.00 . Z . rAIR 1 9,'4 

-.. - - ... g:~~ · --~ " .. ·{ -.. -.. -·-- i:::. ~ - .... ~ .. -... n:~~"-
'.'- .. . 13,93 _ . · ._._." ... z.... __ ... _._ ... :. GOOO ~ · : 2 .. c_ .. _ _ .. .. 13.47.. .. . _ _ 

.• 9.02 _ _ . .. 

. _ ..... _ .. _. ~ 8," ... Z:...._ .. ~ . . _ . POOIl . ~ . 2 .... . 7,65. 
8,78 . Z · POOR < 3' . 8.32: 

. .. .. _ . .. 9,68 ' ...... " .. .. _ . .. ~ I_ .. _ _ .:.: ._ .~ .. . P.OOR ', .. 3 ... . ~ .. - . . . .' .... ' i 2i __ .. · ..... · 
10;78 ... '. Z.·.. . POOR' . '2 ' . 10.32 ' 

.. _.:....... __ .11,68 _ ". ' " .... _ ·._ Z. __ .::..~ . ...:."P.00R :~ , 3~_·_. -· '_11.22 ___ • 

.. . , ~ ~ . 
. ' LPJ~IA 

. '~.-:"".-/-: .. -~.-~----:-'- ..... -. --, .----.. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

5H08 SMOT PARTT ~OCUION DE~TA AZI"UT~ TRAVE ~ TI"E CaMP RE" APKS TT rROK HSL· 
KM SEC SEC ' 

.. ___ .3 38 __ ·_2" ___ ~~ N . __ _ ~1 •. U _ _ __ 321 .• 0!_ -,--_____ 8_, ~8' _ ____ ~I ____ -'~09.!'._._3 _ _ ·_· __ . __ 8.,J~ __ _ 

~ALUAH' 

. . 2 NONOA . 

3eA VULC~H 52 , 29 

10 ,45 1 POOR ~ 0.09 
· 13," _ ______ . 3 __ .. , POOR 3 ._ ... _ _ 13 ; 12_' _ _ 

15,65 1 POOR 2 . 15.19 

317.; 10,37- ... ----.... I . f .AiR '·1'- .. - --9",,';'-_. 
__ ~_12,60. Z_, _.---JA.I~-. 1---c--U,80-·---

324.6 . _.12,00 _ ._ ... _ _ Z ... ___ .: _. _ . 0000 _ 1. _. .. __ _ 12.10 __ 
: 14, 38 I ' rAIR 1 13,'. 

ili4.7· "---'- -"':" -11,54" ' :~-~-~z---~' ~·ji~o~ ": i··-· - - '[ 1i :74- ----

0000-'''--:---·- -
GOOD ' 2 ___ . 
GOOD 2 
0000 3: __ . . 
0000 2 

.- ~--.--- !i4 ·ii;· .T·-- --- - z- - ··--· oooo· -,,· --··-- - n:-6-7--- · 

. 1',11. __ ... _ . .. . L _._ .:.... . . GOOD .1' 14.31 ___ . 
15,86 Z GOOD · 1 1',06 

.17,21 __ . ____ 1 .. _ .. _ _ •.. GOOD _2 16,41 --.:.._ . _ 

___ . 3 _ _ -384_'_' _ 1O _ _ _ . .. RAED,.P.T_ ._.:.... __ 48 , .91 ____ 323 ; _4 _ _ _ ~_ .• 10,71 ____ . 1 ._. ___ .•. r A I R •. 1 . __ _ " 
11.'0 1 rAJR 1 

.• _ .. .. 9 •. 91 _ · __ 
10.70 

.12.71 _ 1 ..rAtR 1. 
15,74 I ' ' HIR 1 

11,91 
14 .94 

11 'UPOPO H,97 327. '1 ' . 8.3' Z· 0000 1 7." 
_ _ .. ___ _ · _ _ 10,U _______ L ___ J .AIR.-:2 . __ • ___ ... 9 . " __ _ 

. 3 .... . 3U. 14 ~"OM . IS .. . 70.02 . 320.6 13.03 
16.21 

..• . . Z .. . _ ... . _ _ , ~AIR .:2 13.13 ._. __ 
.U.41 1 . rAIR 3 

38& TiVUI 63.10 325.0 · - '-·'- ' 12.00 '-·- - -·-.. ·z·- ··· ·-· · - 0000 1 i ii. 10 
. _ _ • _ _ _ _ _____ . ______ .. _____ . _ .--_______ . . _._._. ___ .. _15 •• 0 _ ___ _ L _ __ .. rAIR~· 2 .---- .. 14,60 __ .. 

3 

. 3 . _ 3SA 

16 

" _ 19 

VUNAKAKR , 

~ABAIlL . . 
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.. ' --.-., .- .. -, - 6 KLINWAU 43.'2 .i.2 8,34 '-.--'" 'i 0000 1 8,01 

- --------- ---------.-.-.-----.--.- - .-----. -'--i"~ :;; -~-----~ -'- .- ... ~m '~----- 1~ :~:--. 

MUAAKAKL · 74.72 .13 ; 8~ ' 1 0000 1 
... ..... 16,U .... . ___ _ .1 ... _ .. _._ ... . 0000 . . 1. 

13;;0-" 
le.,n .. 

.. _ ~ . _ __ '1 _ _ . _ _ 8 _ __ 8URMA_RO .. _ _ --'.7 .• .3'. ____ 89 .•. 2: _ __ _ 14,09 . _ ___ ._ l~ __ . 000D _ l _ __ ... . 13,·76 _ _ 

47 10 

47 . ... 11 UPOPO . 96,.95 

47 . l' HOADUP 

47 VUNAKAKA 71.32 

16,58 .Z 0000 1 16,2' 
19,39 .1... ... r.AIR 2 19.D' 
22.'3 1 rAIR 2 22,10 

. 29,n .z.. ., rAIR . 2 28,90 
32,93 1 rAJR 2 32;60 

--90 ~-; '--" -·--i'-;&6 ----- --z---·- - '0000" 1 - .. ~- 1, ;"33--
19,20 

." .. .. 96,3 . 

.16.8 

19,53 Z . . rAlR I . 

. 17.0Z . __ 1 _ .. . ' ... FAIR 1. 16,89 
10,46 1 POOR 2 19,13 
22,43 .- . .. _·_._~. l _. _ _ · ." .. P.00R ':'. 3 ~ . . ___ _ 22,10 

.. Z._ . • __ .. _. 0000 _1 
Z 0000 .2 

.1' ,50 
16,n 

91;; 13,23 '1 . 0'000 2 1'2,90' 16 
. __ . _ __ .. ___ .• _ .. __ .. _ . '" .. _ . ___ ._._ .. _____ ,. _ .... _ _ .. __ _ .. _ •. _ ___ _ 1.,1S _. _ _ ~ __ 1_._._ .... POOR. _ 2 _:.... _ .. _ .. • 13,82 ._ ... _ . 

.7 HTVARZIN 80.43 . 

'7 18 " MALAPAU 

'- .-,-' ---'- '--::-- " -- -_ .. .. . . 

102.0 

96,6 

1·.44 
17,7S 
21,47 
22,' • 

. _. 23, .. 
24,'3 
28,87 

n,n 
20 , 21 

. ___ . _ . .... _ _ ... _ -. _ • .. 22,87 _ ."._ . U," 
'1,38 

. Z . 0000 2 14,11 
1 rAIA Z 17,'Z 
1 rAlA 1 21,1' 
N 0000 1 22,11 

._ ,,_1_ :...~ __ . _ .0000 : _1 . ____ ~ ~_ Z~ , U 

1 rAIR 1 2'.20 
N 0000 . 3 28,5. ' 

.·Z 
Z 

.:._. _1 . . "_'_' 
1 .. 
1 

rAIR · 1','30 . 
rAIII 3 . 19j·" 
POOR . :3 __ . _ , ,, __ 22,54 
POOR 3 33,2' 
rA-lR . 3. . . ., .. 41,0" 

LP,98A" . 



I 
I 
I 
·1 
I 
·1 
I 
1 
I 

I 
I 
I 
I 

1 
'I 
I 
I 

STAGE SNOT 

__ 4 ___ -'-4l 

PAATY LOCATION DELTA 
KM 

UI~UTW 

1.9 _ __ IAB.~UL _ ____ lJ •. 86 _ __ -,U. •. O _____ & .~. ~3 , .. ____ ..!'.99)l __ 3_._ ._ .. _.1!.~~ __ · . 
16.'3 Z POOR 3 16·.10 

.. _ .. _ .... _ ... .... . ....... 16.90 . ........ _ .. _._._Z._ .. _. __ ... _.POOR a ..... .. _ __ u.~? 
..... . I2 .• 2.e .. ..... . _ . . _ . • e,~ ._ .. _._ .... _ .... ' ••. 10_ . . __ . _ __ ... J .. _ .. _._ ..... ,-,IA .. .2 _ _ ___ . ..1 •• 27 .. . .... . 

n •• o 1 POOR 2 . 1'.27 
. ______ ____ ._. _ ____ _____________ _ ...!. .•.•. 8 .• _ ____ z. ,. ~.IR . _.2 . __ .~ ___ ._H .• 1.) . _ _ 

.. .. .. 21 . .. .. _ . . IUL n,I ... . _ .. __ .. . _ .. 14.86. POOR 2 
1'.'3 1 POO~ 2 

..... . i7 •. OL ... _ . . _ .... . _.Z._ ... _ ..... _ "I R .Z_ . 

. __ ._ 4 ___ _ ._. __ 4L ___ Z2 _ .. __ U .V ______ U.29 _____ 89.3 _. ____ .. U .• 03 ____ -' ____ HIA .. _2 _ _ _ _ H .• r.O ~ __ . 
16.20 z · 'AlA 2 1' . 17 

.. 11.'0 .1.. . . JAIR 2 . 17.&7 _ 
n.73 Z POOR 2 18,'0 

. . 20.13 __ I ... POOR 2. ·: 19 .• 10 ___ _ 

.. L ... _. _ _ _ A7._~ ___ 2L __ ~VUL_. _ ____ 76 .12 .. _ .. __ ._93, , . ____ -'-_.,14 .• OL ____ _ L .. _ • . _ _ 000D.._'-___ . _ _ 13. 70. __ ·_ 
1',73 Z POOR 2 14,'0 

. 15 .• '3. . . Z rAIR I 1'.10 ___ .. 
",93 Z rAIA a 1',60 . .. . 

.J . 16.u. _. ___ •. . _ .l .. ... ... J AIR . 2. 16.60 __ .. . c 

____ I _____ OI.R _ 2 ______ 13 .•. I.!. _ _ .. 
1 0000 I 16,17 



.... ·TABLE· 3 

STATION lNOORMATION . 

·1 '" · · . · (~oati~n·~·<1l~OOrd1~ '~tY ·Num~rso . ~~ .. iuab~~sl '. : 

. \ .. , ,- . ' 

STATION • ,L:':'TITUDE LONGlTUD.E . . . . ·PARTY N"' Y1Iii8J:''''' . 

I ·::~.··~·_ .. __ N_AM_E ..... ____________ 0 ___ ·.··· _' _"_5 ........ __ ...... 0 ................ . ~1. ...... ......1.'..:0 E ___ .... S .... t __ ·8. .... g ...... e ._1 __ ~ .... • t_a._e...;e_2--. .. .... ~I_t'a,;;.;,' ; ... : ...... ... 3_· .-,S..-t...;a_G9_· ___ 4 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I· 
I. 
I 
I 
I 

.>. 
FEmi Is. 
Ulu 

.Palmalmal 

Doilene 

Pondo 

Mange. 

Ulwnona 

Kamdaru 

Natava 

Rapopo 

Powe 11 Harbour ' 

Boang Iso 

Narum 

Nissan Iso 

' Pakia 

AU 'una 

LamboMIso 

Rabaul Network (RBL) 

" " 
II " 
" " 
" " 
" " 

Killldrian 

Talase8. 

Lindenha~en 

Vi tu Iso .. 

BUlumurU 

C.R.A. 

Hoskins 

Bialla 

Haluana 

Nonga 

Kabanga 

VUlcan 
r . ' , . " 

.Ravi1l.ien .. 
" ;'" 

Ktir$ltakaul 

Burmal~. 

(RAL) 

(SUL) 
(TAV) 

(VUL) 

(~AN) 

402 28 
4 12 ' 38 

5 38 44 
4 11 59 
4 33 22 

4 06 19 

4 49 ·36 
4 12 42 

4 11 39· · 
4 20 19 
4 48 26 

3 23 02 
4 32 11 
4 28 20 
5 21 01 

544 50 
4 48 23 
4 11 33 

4 13 18 
4 13 15 
4 13 57 
4 17 03 
4 11 44 
6 12 20 

5 16 .38 
6 13 36 
4 41 56 

5 01 03 
5 44 55 
5 28 02 

5 1940 
4 17 52 
4 08 26 
426 42 

4 16 17 
4. 20 13 

. 4 12 54 · 

4 13 58 

153 37 . 5~ 
152 24 46 

151 30 · 13 
151 33 04 · 
151 37 14 
152 59 ;;4 
15116 03 

152 41 27 
151 5943 
152 19 20 
151 41 43 
153 16 44 

153 03 29 
154 11 40 

151 24 22 
151 02 24 

152 51 29 
152 09 46 
152 11 42 
152 11 08 
152 12 48 

152 08 19 
152 10 07 
149 33 00 
150 00 33 

150 27 18 
149 27 42 

.1.50 0845 

1!O 07 40 
15024 33 
151 00 36 
152. 12 50 
152 09 56 
152 20 59 
152 09 J1 

15?15 14 
152 07 36 
152 0903 

1 
2 

~ 
4 

5 
6 

7 
8 
10 
11 

. 12 

13 

1:4 

115 

116 
i17 
, i8 1, 

I 

19 
20 
~1 
22 

> . 

3 
4 

5 

11 
12 

16 

17 

19 
20 
21 
22 

~3 

24 
1 

6 ' 

10 
18 
14 
15 

· 2 

8 

11 

19 . 
20 
21 
.22 

23 
24 

1 

· 2 

4 

5 

7 

8 

4. 

11 

19 
20 
21 
22 

23 
2lf 

1 

7 
8 



I 
I 
I 
1 
'1 

1 
I 

I 
I 
I· 
,I 

I 
I 
I 
1 
I 
1-
I 

STATICN 
NAHE . 

Praed Pt. 

liutom Is. 

Tuvui 

Vunakakar 

Mt. Vurzin 

f1alapau . 

Kilinwata 

Nordup 

. .,-~e..~ . 5 '«o,~~ : .. ~·:: :: ' .' -- . 
. . .. . ; ' ~ .. 

LATITUDE 
' 0 ' " liS 

4 14 56 

4 06 53 

4 . 08 09 
4 .15 '31 
4 23 35 
4 .19 54 
414 .48 

4 15 52 
4 11 58 

•. ...- .- .. ~ ._-.- - ' . , . . . ~. .. ~ 
r' ~ .... . ' ::.~ •. ~;'.-:::< .' .'. 
"I. I. "" '. 

. ': "/ ,, ' 

LCNGITUDE 
o ." "E . Stage 1 

. 152 .13 51 
152 ' 05 35 
152 10 02 
152 05' 47 
152 09 47 
152 1.5 37 
152 01. 57 
151 50 44 

152 12 5:5 

' . . 
.. .. ,. ' ,.;. 

.. \ 

Stage 2 :~ Stage3 St~~~ 4 

/ . j , 
10 1(1 

14 

15 15 
16 16 

17 ~7 

18 18 
2 
6 
14 



I 
TABLE 4 

I OBSERVED AND REDUCED MAGNmIC. 
TOTAL roRCE DATA 

"~ITUOE . ~ONeITUQE TlU ' lEn, K~S OBnAVEO ."UNA~ OIIl.~A~ "ORN AUIDUA~i 

I 
DtQ "I~ OED "I~' r'tl.D .. It::L.U tltl'D TltLO' 'IIiLO 

ott" ... ' _._ .. : '!o= '! ~ Q'~"AD" QAllqAD 

I.IQI 1& , 46., "2 " .. U 0 0.000 31910 3f4'8 U -0 -134 
I 46.6 152 aa.o a a 0,'0' 31910 394n u -0 -'H 

I 
I 46 •• 1'2 u.a 0 0 o.ln 31980 IUIO U -0 -,,,. 
I 46,' 1'2 aa.l 0 0 1.U7 31'90 3UIO n -0 -5U. 
a 47.0 1'2 n.' 0 0 h6n U9I3 3tHl ·u · -0 -532 . 
3 47.2 192 Za . 7 0 0 1,044 31'74 3UU U -0 -'02. 
I 47,3 19Z Z2.9 • 0 1 , "3 38970 IUI3 n -0 -, .. 
I .7.4 192 u .o 0 a IIUI 31966 3"" II -0 -"0 

. 3 ".' 151 U·I •• 0 3,117, 3"" no .. n -0 -,.7 

I 
I 47,7 192 U.4 I 0 3,610 31"0 39." n -0 -,., 
a '7,8 151 23 . 6 e 0 ',aU 3"50 n.u H -0 -,., 
3' 47,' 1'2 23.7 0 0 ... " Uh7 3,.86 H ·-a -570 
3 61" 15Z 21.9 0 0 ','06 31", 39487 10 -0 -'74 
a oa,l 152 2'., • 0 ',319 UU3 39.ea 10 ·-a -,at· 
3 '8,Z 1'2 2 •• ' 14 10 0.000 3un .un 30 -0 -'U: 

I I 48 " 1'2 Z·.2 0 0 0.1" 38925 3"U . 10 -0 -"1 
3 6R. , 152 Z6 •• a 0 0 .• 793 369" 39690' 29 -0 -,u 
a 'e,7 152 I', , a 0 1; ,90 38940 39'91 29 ·-0 -sso 
I 4B,9 1'2 Z4 •• • o . I. ,e7 '\ 3e,,0 39'93 21 ,-0 -'" I 49 ett 152 26. e I 0 11913 38'" 39.,. 21 -a -547 
3 49,2 15Z 1 •• 9 I 0 21110 38990 IU95 27 . -0 -533 

I 
I 69._ l'Z ' 1' .• 0 a 0 2.776 39005 39497 27 -0 -,,, 
I 49 .' "2 Z5.2 0 0 1.173 3901a ".,. Z6 -a -H. 
I ". , 152 2'.3 0 0 3'''0 36991 J"" Z6 -a -n4' 

I ". , 152 2~· . 3 ,0 90 0 . 000 389" n4" ,.. -0 -no 
I ",' 1'Z 2!t . 2 0 Coltl 3"9a 39501 It -0 -"6 
3 '0.1 I" 1' . 1 0 0.786 39000 3"03 15 -0 -HI 

I 
a 50.3 I" n.o 0 1.179 39050 3"0' .15 -0 -." 
3 ~Df4 "2 16. , 0 ,.572 39078 39506 15 -0 -4'3 
3 '0 ,6 152 1· .• 8 0 11965 39110 3950a " 

- '0 -·u 
3 '0 .8 152 , • • 7 0 2,35e 3916' 39510 24 · -0 -38' 
a 51,0 152 24.6 0 1.751 39162 39512 U -0 -374 
a ".2 152 26.5 0 3,' •• 39190 39514 U -0 -167 
3 h,. 152 26.4 0 3.537 39205 3"16 U -0 -311 

I 
3 '1,6 1'2 24.3 0 3.930 3922' 39518 zz -0 -316 
J '1, a 152 2 •• 2 0 4.123 392 60 39520 2Z -0 -301 
3 51.9 152 26 .1 0 41716 39260 39521 n -a -2SS 
3 sa.l 152 26 .0 0 ',109 39273 39523 21 -0 . -27Z 
J !2.3 152 21.9 0 '.502 39290 39525 21 -0 -256· 
J '2. , 152 21.1 0 5iB96 39293 '''27 21 -0 -25. · 

I' 
I '2.7 1'2 21.7 0 6.289 39312 395" 20 -0 -237 
3 52.9 152 Il . 6 0 6.lI2 39316 39531 20 -0 -23. 
I tJ. t 152 23.5 0 7,07, 39326 3953l 19 -0 -U6 
3 53.2 152 2l •• a 7 •• U 39331 19534 I' -0 -2aJ 
J Sl .• 152 23.3 0 7.861 39:i37 39536 It -0 -2U 

• 53.6 1'2 23 . 2 0 .,2,. 393'0 3953e II -0 -Z07 
3 53.e ,52 23.1 0 6 • • 47 39J52 39540 U -0 -206 

I 3 53.8 1'2 1~ . 1 " I 0,000 39352 ",.0 U -0 -206' 
3 ' •• 0 172 23.0 a 0,605 39370 39562 18 -0 -18' 
3 5 •• 2 152 22 . 9 0 0,810 39380 395" 17 -0 -181 ' 
J t4. " 152 22.8 0 1,215 39J'. 39545 17 -0 -161 
3 '.,6 152 22.8 0 1, &aD 39410 39547 I' -0 -1'. 
3 '4.8 152 21..7 0 2.025 3941e 39549 16 -0 -147 

I 
01 '5.0 152 22.6 0 21430 39427 39551 16 -0 -139 

.~ '5.2 152 22. , 0 2,135 39430 39553 U -0 -UI 
J ",. 1'2 22 •• 0 3,240 39120 395H I' -a -169 
3 !5.6 152 22.3 • 3,606 19 405 395" II -0 -166 
a 55,e 152 22.2 0 •• 051 3UU 39558 I. -0 -181 

3 ",0 152 al.l a 6 •• " 39361 39560 1. -0 -212 
, !6.2 1'2 n.l I 4,861 39347 39562 13 -0 -221 

I 3 "," 152 22.0 a 5.266 39112 19563 IJ -0 -241 
J 56.6 1'2 21 . 9 a ,.A71 39329 39565 II -0 -2" 
J 56 •• 152 Zl.1 0 •• 076 39332 ·395A7 II -0 '-267 

a 56 . 8 152 21.e U 0 ; 000 39112 39'" II -0 -267 
J t1 , O 152 21 . 7 0 0"00 39HO 39569 U -0 - 2'1 

I 
3 ·'''.2 152 Zl . 1 • 01801 39350 39571 U -0 -232. 
J ''' ... 152 21.1 8 ,.201 39354 3"7l U -0 -230 
3 " ,I 151 21 . ' 8 1;601 39354 39575 10 -0 -231 
J " ,8 152 21.· .. 2,00, 3935' 39577 10 -0 -233 
a 58.0 152 21.3 a 2.602 39357 3957. 10 -0 -232 
J '8.2 152 21,2 8 2.802 30HO 39581 9 -0 -Z 6O 
J 'B.4 152 21.2 a I. Z02 39368 39583 9 -0 -2" 

I 
J '8.6 152 21.1 0 3. '03 39366 39585 8 -0 -247 
3 '''.8 1'Z 21.0 0 0 .,003 39JU 395e7 • -0 -251 
J '9 t 0 152 ZO.9 • 0 •• 603 393'3 39589 • -0 -24" 
I ".2 152 20.e 0 0 •• eo. 39366 39591 7 -a -252 
3 ".4 152 20.e • 0 ,.204 39351 39593 7 -0 "219 
J !9,6 152 20.7 0 a ,.60' 3936. 39595 ,. -0 -Z57 
3 ".8 152 20.6 0 0 I. 004 39332 39597 • -a -271 

I ". a 152 20.6 16 I 0.000 39332 39597 6 -0 -271 

0.0 152 20.' • O •• 20 30117 39599 • -0 -277 

0.2 152 20.' • 0.840 39320 39601 5 -0 -286 
0, • 152 20.4 • 1,2" 39316 3.603 , -0 -291 
0.7 151 ZO . 3 • 1.6" 39312 3960' 4 -0 -297 . 

D.' 152 20.2 0 2,0" 3931l 39606 • -0 -Z" 

I 1.1 152 20.2 0 2.5" 39320 3960e 3 -0 -2'2 
1.3 152 20.1 ° 21938 39330 39610 I -0 -283 

I,' 152 20 . 0 0 3. U8 393'8 39612 3 -0 . -256 
1,7 152 20.0 a 3.778 39374 3961' I -0 -262 

1,9 152 19.9 o· 4.19' 39395 39616 2 -0 -Z22 

2.2 152 1' . 8 0 ·,617 39420 39617 1 -0 -199 

I 
2. I 15Z 1'.7 • ,.037 39452 39619 1 -0 -161 

• 2.6 1'2 1'.7 g , • .,7 396" 39621 -0 -U7 
4 2.e 152 1,·6 a '"877 3951' 39623 -0 -106 

• 2.8 152 19.6 17 0.000 . 3"15 39623 -a -101 
4 3.0 152 1'. , 0 0,.28 39563 19625 -0 -82 

3.1 152 19 •• • 0.U6 39550 39627 -0 -77 

I 
~·4 152 1'.3 0 1.214 39553 39629 -0 -76 

• I., 15Z 19. a a 1.712 39560 39631 -0 -7, 

• 3,9 152 1'·2 • 2.140 3"9a 39633 -a -'3 
• 4.1 152 " . 1 a 2.,.7 3"90 3963' -0 -.,: 
• '.3 152 19.0 • 2.9" 39505 ' 39637 -0 -41 
4 '.' 152 18 .' 0 3.423 39605 ' 39640 -a -3' 
• •• 7 152 u · e 0 3"51 396U 3964' -0 -30 

I • .,' 152 1'.7 0 0.279 ,OU8 39644 -0 -16 
4 5.1 151 18.' 0 6,707 39638 39646 -0 -D 
• ". 152 lB . 6 0 5,1l' 39656 396.e -0 6 
4 ',6 152 lB.5 0 5.563 39668 39650 -0 U 
o · '.8 152 il .• a 5,991 39676 396~2 -0 I' 
0 6,0 151 1~. 3 0 6.11' 39660 39651 -0 6 



I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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,TABLE 4 II 
, ' 

. ~' ; ~ ~OBS~VED AND :REDUCED MAGNEn'IC 
:." . ~ .. -,. .. 

',1" -::. 

TOTAL JiURCE DATA 

' ,' , " 

"' ,' " 

ITOI" . 

"'~D D'~"" 

-0 
-0 ' 
-0 

· -0 -, .. .. 
-0 . 
-0 
-0 
-0 
-0 ' 
-0 
-0 
-0 

'-0 
-0 
-0 

' -0 : . 
-0 
-·0 -, 
-0 
-0 ... 

· .. 0 
· -0 .. , 
-0 
-0 
-0 
-0 
-0 
·0 

:0 

: ... 

'" . 
I . .. • 

';. 

, , _ " 

: ' . ' 

~,' -. -, . 0' ~ . .. ,. 
. , , . 

10 , : ., I. 
IF 
U 
U 

·U 
. ~. 

~. 
II " 

" . 
, It ,. 
" ··l' ••• -,,'. -au 

·13' -u. -'', 
; -",. -,n 

-"l " 

-ID. -au ..... , , 

'. 

, 



-- I 
TABLE 4 III 

I 
OBSERVED AND -REDUCED MAGNETIC 

TOTAL roRCE DATA 
1411 TUDE LDNGLTUOB TIIIO COOTI ~~5 ObH~HD ,, ; .1 Oo..:4L DI~iI~41. STOR" UIIDUAI.-

to ",M DEa 1M 'IHO rlkl.D raF .0 ' rlELn 'IILD 
U"~AO 0.l1li60 '41111A,D 8ANA60 ·8UII40: 

I unc' u 
" 7,S "a ,7., ~ 0,000 uno 1t756 , -0 U 
H, t ,n'17.1 0 0,776 39170 un2 • -0 16, 
16,8 "a 17.8 0 I,Sh 3"90 397.9 I -0 If 

I 
16,. "2 " .• 0 "U7 39780 1t745 I -0 31, 
16,. 152 17 . 8 0 '.'03 397" 19742 4 -0 10 

• ",6 152 10.0 0 - 1,178 3973a nU8 4 -0 -10 
• ",2 1521O.a 0 4,". 39720 397n , -0 -10 • ,. ,9 "2 10.4 0 ,,430 30700 nn, 6 -0 -17 , ,. ,s '" 18.' -0 6.a06 39690 39727 I -0 -44 • L4, L 152 18.8 0 6'''1 UUO 19724 7 -0 -" 

I 
4 lS,7 ua 10.' 0 7,757 39708 39710 I -0 -to • U,4 192 ".a 0 •• ,u ,.7U 3,7&7 8 -0 -2-
• U,o ega 19.1 ' 0 •• 10.8 39740 U7n 9 -0 to 

4 U,o 112 "., 7 0.000 "740 1t7U 0 -0 10 
n,6 1'2 U.9 0 0·797 39740 19709 ID -0 21 
n,3 152 11.7 • I,',. 39718 19701 ID -0 I 

I 
U,9 ua •••• I I, Jt1 S97lJ 39702 It -0 -0 • U,9 '52 2D.' 0 3'.187 U7n 1U,. 11 -0 U : 

4 11,1 "2 20 •• 1,984 39 111 ,3U" U '-0 81 
4 '0,' 15' ao •• 4,711 397'0 3969. U -0 86 
4 '0,. "2 10.8 '."8 397" 3968. 14 -0 n 
4 10,0 152 21.0 '.3" 397U 19684 U -0 t4 
4 9,7 152 U.a 7 •• 72 39710 39680 U -0 14 

I 
4 '.3 In 21.' 7.U9 39127 39677 16 -0 ,. 
• •• 9 152 at . 7 •• 766 39729 3U73 17 -0 39 
4 .. , .,2 ".' 9.'62 39686 39669 II -0 -I 
4 8.2 1'2 a., 'D. ,,, 3.67. 39666 II -0 -13 
4 7.8 152 11.3 H.U, 396" 39662 If -0 -16 -

4 7.8 '" U.I n 0.000 396" 39662 19 -0 -u 

I 4 7.4 1" 2J.S • 0.847 39660 396,. JO -0 -16-
7.0 '" 22.7 0 •• 693 39653 396,. 20 -0 -rt 
'.6 1'2 2J.O 0 a.540 39611 396'0 U -0 -'3 
6.2 192 23.a 0 3.317 39621 396'6 n -0 -'0 
5.' .,,! as.4 D 0 4.234 39644 39&42 Z3 -0 -21, 
5 •• tn 13 •• 0 • ,. oeD 39 680 39US U -0 19 

I 
'.0 1'2 23.' 0 0 ,.927 391,7 39634 14 -0 '" • 4 .6 "2 24.0 . 0 0 6. "0 391SO 39UO U -0 ,,: 

• 4.2 1'2 24.3 - 0 0 7.620 39163 39626 16 -0 "' • 3.8 ,sa 20.' 0 0 8.U7 39715 39622 16 -0 67 

• 3,4 "2 20 .7 0 0 o.Uo 39670 39618 27 -0 as 
3.0 "2 24.7 0 19 0.000 39670 39618 27 -0 n 

I 
4 3.0 .52 20.9 • 0 0.828 39617 3961' 18 -0 ~U 

4 2.6 "2 2'.0 0 0 1.656 39590 39610_ II -0 -4, 
2.2 1'2 ".2 0 0 2,·U 39~" 39607 19 '-0 -86 
1.1 .,2 2'.3 0 0 3.313 394 '0 39603 10 -0 -,73 
1.3 152 as.' 0 0 0' •••• 39'22 39599 30 -0 -208 

4 0.9 1'22'.7 0 0 4.969 39430 39595 a -0 -," 
• 0.' 152 1'.8 0 0 5.198 39070 39592 32 -0 -I"~ 

I 
4 D •• 1'226 . 0 0 6.626 3"70 39588 J3 -. -LS' 

" ".7 1'2 26.2 , 7.454 39340 39584 U ';0 -277 
0 ".2 .,2 26.3 • 8.282 39290 39580 14 -0 - -324 
~ '8,8 152 26.' ,0 9.Ul 39300 39571 n -0 -3U 
0 58.0 152 26.6 • 9.939 39321 39573 35 -. -281 
J '8.0 .,2 26.' • 10.7., 39j05 39569 at -0 -uo 
8 ' • • 0 152 26 . e 10 0.000 30305 39569 U -0 -260 

I 3 " .6 152 2~.t 0.839 39370 3956' !7 -0 -232: 

• " .. 152 27.1 •• 671 393U 3956' !7 -0 -2U 

• 56.7 1'2 21.2 2.516 3'3'4 39556 3' -0 -201 
3 56,3 152 27.' 3.355 39362 39552 39 -0 -229 
0 ",0 152 27.5 4.19. 39HO 39548 '0 -0 -"8 
3 55.0 t52 27.7 ,.033 39330 39544 'D -0 -2" 

I 
3 55.0 ''227 . 1 5.871 39315 39,.0 •• -0 -266 
3 ".6 152 2~.0 6.710 3'270 39536 '2 -0 -307 

• '0.2 1'2 2~ . 1 0 7,H9' ,39252 395H '3 -0 -322 

• 53.7 152 2~.3 '0 8.380 39278 39521 '3 -0 -2'2 

• 53.3 1'2 28.4 0 9.22~ 39310 39523 .. -0 -257 

3 '1.3 .,2 21 .' 0.000 39310 39523 .. -0 -2" 

I 
, 53.' " ,2 2- . ' 0.004 39100 39520 H -0 -U9 , 53.6 152 28.7 -0.801 3.301 39526 0, -0 -263 , 
t '3.8 152 28.8 1.111 3.32' 39527 ., -0 -247 , ".0 1'2 ill.9 •• 614 39312 39528 '6 -0 ' -242' 
a ".2 .52 2,9., 2.oU 39336 39529 46 -0 -239' 
a '0.3 1'2 29.2 a. 422 39J15 39531 46 -0 -262 
3 ".' 1'2 29.3 2 . 825 39270 39532 '7 -0 -3Df 

I 
a ".7 152 29.' 3.229 30251 39533 47 -0 ,-329 
t '.,8 152 20.' S.632 39251 39535 47 -0 -331 
3 ".0 152 29.7 0.036 39276 39536 •• -0 -3oe, 
3 ".2 152 29.9 ... 430 39311 39'31 •• -0 -274 
3 ".4 152 30.0 0.'43 39311 39531 49 -0 -276 
3 ".' 152 30 • • ,.a.7 39298 39540 '0 -0 -z •• 
J 55 . 7 152 30.3 0 '.1S0 39275 39541 .9 -0 -3U-

I • 55.9 152 30.4 • 6.054 30244 395H '0 -0 -30' 
J '.,0 152 3~.' 0 6. ,,, 39186 39544 '0 -0 -.oe 
3 ".2 "230.7 0 •• 86. 39160 ,39545 '0 -0 -43': 
3 '6 .• 152 30.8 0 7.265 3'150 39546 " -0 -447 , '6.6 15230.9 0 7.668 39163 39547 " -0 -436 

• Je.7 '5231.' 0 ' . 072 39165 39549 " -0 -'3' 

I 
I ,.,. &92 ".2 0 8 . '" 39175 '9550 52 -, -421 

J 56,9 1'2 31.2 UZ 0.000 39175 395'0 52 -0 -427 , " .. 1'231 •• • D. '0' H2U 39552 52 -0 -3., 

• " .3 1'2 3 •• 0 0 0.812 39230 39554 " -0 -377 

• ".5 152 31.0 • •• au 39262 39558 " -0 -347 

J '7,7 152 So . 9 1.62' 39279 39558 54 -0 -333 

I 
J " " 

152 ~O •• 2.030 ' 39280 39560 SA -0 -334 , ,e •• 152 30.7 2.036 39297 39562 50 -0 -uo 
3 58.3 1'2 30.7 ' a.842 39306 39564 " -0 -313 
J '8. '. 152 30.6 3.2'8 39319 395 .. " ·0 -30a 

• '8, I 152 SO., 3."4 39330 395U " -0 -293 

J 'R .. .sa 30 •• 4.060 39344 39570 " ~O -2U 

a 59 . 2 152 30.' 4.466 30353 39572 II -0 -275' 

I 
0 ", .. ,152 30.3 4,872 30371 3"7' " -0 -ZS,3-

3 ".6 152 SO.2 ,.178 39380 39576- " -0 -153 
J ",8 152 SO.l ,.U4 39399 39570 " -0 -240 

• ".0 152 SO.l 6.090 39401- 3"80 Sg , -0 -2U 

• 0.2 19230.0 0.09' 394l0, ,,,at '8 -0 , -lIZ 
4 0.4 &92 '".9 6.902 3002' 39580 " -0 -117 
4 0,6 152 29.1 7. al S9433 39~86 " -0 -au: 

I 
4 0.8 152 29.8 7.7,0 3944' 39588 59 -0 -ana, 

1.0 1'229.7 801 ?n 394" 39"0 60 -0 -180 
•• 2 152 29.6 e, 't?6 3906~ n592 60 -0 -102. 





·1 TABLE 4 V 
OBSERVED AND REDUCED MAGNEn'IC 

I TOTAL FURCE DATA 
I.4,T 1 TUDE LO',G I TJ~E T 11. C ".Sf) tJ!,): , t i;'yl. n ;'. -. "1 "R'l~ 5 n:r:; P1 RES I DUlL 
D.~ "I~ a.~ MI" "~ ~ : . !'I r !ftD rr hO 

\0""'.":'\ .4 !'t ... S Dl~H$ D4""4~ . DAMlS 

~I~E 23 

I 13.0 1'2 39.8 • 52 0.000 39;42 39678 -0 -IH 
13.2 152 n.8 0 . 0 ' 0.419 39537 39680 ·-0 -143 

4 13,5 152 39. e 0 0 O,Sl9 39531 39681 -0 -150 
13. , 152 39.8 0 0 l,2S8 39530 lU8l -0 -153 
13 ,9 152 39.9 o . 0 1. "7 39522 396ij4 -0 ·-162 
14 I 1 152" 39.9 0 0 2,096 39531 39686 . -0 -I'" 

, 
I 

I 
14,4 U2 39.9 0 0 2.516 39550 39658 -0 -138 

:1 14,6 152 39.9 0 0 2.935 395H 39689'· -0 -124 
4 14 I" 152 39·9 0 0 3.354 39S76 19691 -0 -a5: 

15.0 1'2 40'.-0 · 0 0 3.713 39561 39692 -0 -1~2 
15.3 152 40 '.0 0 0 4,10J 39584 39694 -0 -!11 
15,5 ' 152 4~.0 O' 0 4.612 39576 39695 .0 -In' 
15.7 152 4~.0 0 0 ',Oh 39575 19697 -0 -124 I 

I 4 15,7 l.~ ? 40.~ ·7 10 0; 000 39575 3969'. 2 -0 -124 
15 I ., 152 39.8 0 O' 0.390 39590 3H9a 2 -0 -110 
15.1 152 39.6 0 0 0. 781 39595 39698 3 -0 -106 
15.7 152 39.' 0 0 1.171 lO593 3969. 3 -0 -109 
1~,8 152 J 9.2 0 0 1.562 J9:113:1 39699 3 -0 -117 

4 15.8 152 39.0 0 0 1,952 39505 39700 • -0 -118 

·1 4 15,8 1'2 38.7 0 0 2,342 39584 39700 • -0 -120 
4 15,8 152 ' 38. , 0 0 2,133 39~78 39701 • -0 -127 
4 15,8 1'2 H.3 0 0 3.123 3958. 39701 , -0 -1.22 
• 15,8 152 H.l 0 0 3 . 513 3 95 90 39702 , -0 -:17 

15,8 152 31.9 0 0 3. 90' 3Y594 39702 5 -0 -11. " 
15.8 1'2 37.7 0 0 4.294 39605 39703 6 -0 -lO04 

~I 
15,9 1~2 37.' 0 0 4.618, 39010 39704 6 -0 -99 

4 15,9 152 37.3 a a '.0/5 39'10 39704 6 -0 -~oO 
15,0 152 37.1 0 0 '1 4 65 39611 39705 1 -0 -l. '",,) 
15,9 152 3A.9 0 0 5.a56 39620 3Y7 J 5 7 -0 "9&! 
15,9 1'2 30 . 6 0 0 6.246 J ' 020 39706 1 -0 -93· 

4 15,9 152 JA.' 0 0 6.637 39 ' 20 39706 7 -0 ... ~ , .; 
15,9 152 JA.2 0 0 7,027 ! ':\.l 22 39707 e -0 .. y:J 

'1 1~ I 9 152 3A.O 0 0 7. '17 Jv o 30 39707 e -0 -;.~ 

16.0 :52 n.8 0 0 7. S08 3 9 630 3970B 8 -0 .. '.;(, 
16.0 1 'i;:! 35.6 0 0 a . 19ft ~? f>JO 39709 9 -0 -;./ 
U>,O 152 ::; 'L4 0 0 S.589 39037 39709 9 -0 - u ~ 

16.-0 152 35.2 0 0 8 . 919 3 90'':0 39 71 0 9 - Ii . - 7 0; 
16,0 152 35.0 0 0 9.369 3 9042 39710 1 ~ - v " I'~ 

4 16.0 15? 34.B 0 0 9.760 3 9 6~0 397\1 10 -71 

I 
< 16.0 152 34.5 e 0 100150 3~w~O 39 -: .l :0 -u -7;:, 

16,0 152 3<.J 0 0 10, 54 0 J9t.o.,1) """fe2 11 -il -7~ 

l!\d 152 3< . 1 0 0 10 •• 31 3 9& 5Q J97l2 11 -0 -73 
< 16 . 1 152 3.1.9 0 0 11·321 3 Vo50 39713 11 -0 -74 
< 16.1 1'2 3J.7 0 0 11. 712 39 65 0 397 13 12 -0 .. ,.:; 
< 16 I 1 1'2 33 . , 0 0 12 .102 3 96" 39714 12 -0 -)1 

I • lbd 152 33.5 e 0 0.000 39655 397>- 12 -0 -71 
< 16.1 152 33.3 0 0 I) I 4~" .:; \I t./50 ]9;' :., 12 -0 -77 

16.0 152 lJ . O 0 0 0, a B9 3905Q J1iI7l" 13 -0 -n 
16 I n 152 32.8 0 0 11333 39 645 39714 13 -0 -63 

< 1',0 15 2 3?6 0 0 1,778 3 96'0 39715 1< -il "I~ ;;. 

• lli. Q 1 ')2 32.3 0 0 2.222 JQ6~l 39715 14 . - u .. ~~ 

I 
• 15.9 152 32.1 0 0 2. ':a6ti ~9b4J 39715 l' -il -B6 

15 I f' 152 11.8 0' 0 3.111 3 9 640 39715 15 -0 -90 
15.8 152 31.6 0 0 3.5;' 39 0<0 3971; 1; -0 _riO 

• 15.8 1 ; 2 01 •. 4 0 0 •• 000 39 6 25 397 1 '> a -0 -10. 
.4- , 15.7 152 J\ . 1 0 0 ".444 39625 19 7 ~ 5 " -0 -:.. n ~ 

• 15,7 1~2 J O.9 0 0 4 t !J89 3g e 25 39716 11 -. - u..1 · 1'; I 7 1 '2 30.7 0 0 ',J33 39b28 3971.6 17 -0 ·l. U ~ 

I 1 r; I" 1 ~2 30.4 ~ 0 5.771 J96JJ J911.6 17 -0 -1 no 
15.6 152 30),2 0 0 6.222 J9652 3117 !.6 18 -0 -62 
15.t> 152 3U.O 0 0 b. Hb 39660 397 ).~ 11 -0 - 7. 

• 15.5 152 29.7 0 7.111 390'6 39716 19 -0 .. ( ? 

15 . 5 lH 29 . ' 0 7. ;5, .59 6 36 39716 19 -0 " ',; 
15 t 4 1~2 29 . 2 0 7.999 .'. 'nJ~ 39716 19 -0 -1 el 

< 15,4 n2 29.0 0 8 I 4. 4 3 ' 650 39717 20 -0 -M 

I 
1").4 152 2~. ~ 0 8. ~88 J9674 J9717 20 ·-0 -63 
15.3 152 2~,5 0 IlI)J] J9690 J9717 21 ·-0 -oJ 

• 15.3 152 2~. 3 0 9.717. 39684 39717 21 -0 -~. 

4 15 . 3 1'2 2~. J 8 ., D.OOO 3 9684 3 9 717 11 -0 -'4 
1 e; I J 152 2~ .1 0 0 . 0,349 .) '>6~ 2 397 1 7 21 - J -_7 
15,3 152 2"9 0 0 0, '98 . ,~; ;j d " 39717 22 -0 -51 

I < 15 I J 152 27.7 0 0 1.04a 39668 39718 22 -0 -~2 

4 15.2 152 27.6 0 0 t .397 39096 39718 12 -1 --, 
• 15,2 152 27 •• 0 0 1.7 4 6 39701 J971~ 2l -, ";:';9 

• 15.2 152 27.2 0 0 2.095 39706 39718 13 -0 -3): 

• 15 .7. 152 27,0 0 0 2. 4 44 39111 39 718 2J -0 -31 
4 : 5 ,2 ,,7. 2."A 0 0 2.794 39730 397!,9 14 -0 -12 

I 
< 15,2 152 2'.6 0 0 3,143 397 .. 39719 2. -0 2 
< 15.2 152 26 •• 0 0 J,492 39759 J9719 24 -0 16 
< 15 . 2 152 26.2 0 0 J I 941 39778 39719 14 -0 J4 · 1',2 152 2:).0 0 0 • -1 9 1 39780 39719 15 -0 36 

• 15.1 : 52 2~.9 0 0 ... i4a 39772 39719 15 -0 27 
1501 152 25 . 7 0 0 ... 889 39766 39720 15 -0 21 
15 I 1 1 ~2 25 .• , 0 0 '.n8 39757 J9720 26 -0 12 

I 
4 15,1 1'2 25.3 0 0 5,567 39746 J9720 26 -0 -0 

< 15, I 15 2 25.3 10 0.000 39146 39720 26 -0 -0 

1'.1 152 25.1 0 0,H3 39727 39720 26 -0 -2, 
15.1 152 25 . 0 0 0.625 J9 713 39721 /1 -0 -3' 

< l"d 1'2 24.6 0 0.938 3971~ J9721 17 -~ -3 .) 

1S,1 152 2<.6 0 1,250 39720 39721 27 -0 -21 

I 
15,0 152 24. I) 0 l' '63 39712 39721 27 -0 -37 

4 15.0 152 24.3 0 1.B75 39709 39722 1& -0 -40 
4 15.0 152 2< .1 0 2, loB 39709 39722 28 ' -0 -.:.: 

15.1) 152 24 , 0 0 2. 5~ 1 39708 39722 28 -0 -42 

15.0 152 23.8 0 2,813 . 39690 39722 28 -" -61 
4 15.0 152 23.6 0 3.126 39661 39723 29 -0 -70 

15,0 152 23.5 0 3,'38 396~;) 39723 29 -0 -'9 

I 15,0 152 n.3 0 3, "1 39712 39723 29 -0 -40 
< 15. n 152 Z:;.1 0 4.063 39725 39723 29 -0 -2:; 

< 14 • '~ 1 ~'.: 2.LO 0 4,376 39728 3972' 30 -0 -2' : 
< !,J,'" 152 ~z.a 0 't'\)9 39712 3972' )0 -0 -42 
< 14, , 15 2 22.6 0 5.U01 J9740 39724 30 -0. -~. 
• 1-4. 'J 152 2~.4 0 5d!.. 39750 3 9 724 30 -0 .:j 

'I 14 I Q 152 22 • .1 0 5 I &26 39'750 397~5 31 -0 -5 ' 
14.9 152 22.1 0 5.939 39745 39725 3l -0 -11 
14,9 152 21 •• 0 6.251 39740 39725 11 -0 -!!I 

< 14.9 1 5 2 21.8 0 6,;6. 39747 39725 )1 -0 -1~ 

4 14. Q 152 21.6 0 6.617 39760 39726 )2 -0 3 
14 , Q 152 21 •• 0 7d~O 3 0 17J 3 '17 26 32 -0 16 
11,; 8 152 2 •. 3 0 7. ' O? J9}~J J Q7'l " 32 -0 25 

I 
, 14 .8 1~2 21.1 0 ,. li l'" J~lou .W'lZto 32 ·-0 32 , 

:'4 I e 152 20. ~ 0 B.[7. 7 J 9 J '14 BI27 32 -0 25 

• ~_.:; I A 1 ~ 2 20,6 0 n." J IJ ,P/7j "\~ J J. 7 J3 -0 13 
4 :" I d 1~2 2 .] •• 0 ., • ., . , ~I \ ', ",, ", \ .1 Co J 13 -0 -3 



~ I 

I TABLE 4 VI 

'1 OBSERVED AND REDUCED MAGNETIC 

TOTAL FORCE DATA 

I LAUrUD& LQ~QI'~UI ,(~. II'" M~S QUE "YEO UOION'L OIUR~AL STOA" RUI DUAL 
OtO "I N DfG "I~ rlELD 'InD rlEoD rlELD ~I!LO 

GA."AS O'"M'I IlAN1U GA"MAI IAMAI 

I.IN8 · U 

I • 10., U'1O . 6 .. , V.",-", "'., UH7 n -0 -3 
.t ,4 14., Ul ao •• 0 a.!~2 39730 39727·. U -I -31 
.. 14." 1'2 roo Z 0 0.10' 397'~ Sn,. 54 ·-0 •• • ,4. a 1'2 ao.o 0 1.207 39!" S97l8 S4 -0 U ·· 

• 10.7 1'1 St . 7 0 S.UO HUO uh. u -0 " • SO. 7 1" I'·' 0 a.ou 3'''' 3'n. IS ·0 II 

'1 • so. 7 1'2 1 •• 1 0 , .. " 3U'0 39729 U -0 . .. 
• 10.7 "21t.1 0 a.l" 3980' "729 !6 ··0 '1 
4 14.7 15' 11.9 3.220 39130 19729 U -0 U : 
• 14.7 1'2 II.' S,'22 39800 St730 S6 -0 ,. 
• 14.' 1'2 sa •• ..OU 3'770 U730 57 -0 4· 
• 14.6 1" 14.2 "'27 397'0 39730 57 -0 ." .. 14.6 1'2 SI·O 4.130 397ao 39730 S7 -0 -4' 

I 
4 14., 1'2 17 •• "'31 39710 39731 lO ,-0 .,. 
• , .. I' IU 17.' ,,639 39710 3t731 It ,-0 . -n 
4 '''.6 I" 17.' •• 037 3969Q 39731 3' -Q -'0 
• 14.' 152 1'.1 0 ""0 39660 3"Jl Jf ·-0 -uo 
o 14,' IU ".9 0 •• 14, 39630 3tHa Jf -0 -141 . 
4 14.' 1'2 16 . 7 a 7,'., 3"00 197J2 39 ·-0 -'H 
4 I',' 1'2 16.' 0 7.647 39'10 39732 '0 ·-0 -au. 

I • 14,' 192 16.3 0 8.0'0 3"0' 39733 40 ~o -,u 
o S4., 15' 16·1 • ,.0" 3n" 39733 4S -0 -,,. 
• 14,. I" 1'·' a .,s" 3nu 39733 '1 ·-0 -z •• 
0 14,4 152 U •• • ,,"7 3.H' 39733 '1 -0 -n3 

• 14,. 1U " •• 0 ,.660 3"'0 UHo ' ., -0 -n, ' 
o 14,. ", 19.1 0 &0.062 UUO U7J4 4a -0 -'46 

I 0 S4,O I" S9.' " 30 0.000 39q- ., -0 

• 15.' 1'2 "., 0 0 2.U9 3"'0 •• -0 

• 16,7 152 1'.3 0 0 •• 278 ,.765 ., ~o 

16.7 192 U.3 10 90 0.000 ""0 .6 -0 

17.' 15' ".3 0 0 1.39. ""8 '7 -0 

I • U.' 191 u., a 0 2,'" 39768 ., ·-0 

4 lB.2 1'2 19.3 U , 0.000 0 39765 ., ··0 
4 18,2 19' 19.' 0 0 0,398 39100 39765 •• -0 ·1. 

18.' 19' ". , • 0 0.796 3UtJ 39764 " -0 -I 
18.' I" 1'.t I 0 I. '" 3'12' 19764 '0 -a 14 

0 18, , 152 16 . , • 0 I . "3 39'" 3976' " -0 30 

I • 18.2 192 u.· • 0 1.991 J9He 39764 '1 -0 U 

• lB" I" 11.6 0 0 "U9 39830 39763 52 ,-0 if: 

• 18,' 19' 16.' a 0 2 . , .. 3ta" 39763 " ·-0 10 

o U.2 I" 16.' UIO '0.000 39U' 39763 " ,-0 10 

• lB.2 152 17.0 O. '16 39817 39763 " ·-0 ,. 
• U.' 152 17 . , o.IJ, 3911' 39762 n -0 -0 

I 0 18.' 15' 17. , I,He 191" 397&2 53 -0 0 
4 18.' 1'2 17 . 7 1.66. 398G' ,976t ,. -0 . -10 

lB.2 I" 17.' . ,.oea 39790 39761 54 ·0 -U ' 
lA.2 152 lA·l 2.'" 3.767 197U 54 -0 -.. 
18.' 152 11 •• ,.9U 3"5' 39760 " ·0 -62 :' lB., 152 lao • hue 3.700 39760 " ·-0 -11. 

I 
U., 19' lA •• 1.744 39737 39760 " -0 -71 
18.' 19' 10 .0 • • UO 3.744 397,. U -0 -71 
U,3 19' 19.3 .. ,,, 19796 397" U -0 -59 ' 

• 18.3 152 10 . , •• 992 3.173 397'8 " -0 .. ,. 
18.3 192 1'.7 "ooe ,'774 39"e " -0 -01 

18.3 152 1 • • 9 5.82. 3"" 3"" " -0 -.0 

11 . 3 192 '0.2 .,2.0 391'0 397" 
,. -0 -u· 

I 
IA., 19' 'D .• " ""6 39790 397" 58 -0 -u 
18.3 152 '0, • 7.072 39790 "757 " -0 -u. 
18.3 152 20 •• 0 7.·81 3.80' 3'796 " -0 -10 

• 18,3 15' 21.1 7.90. 39816 397" " -0 I : 

."18.3 192 21 . 3 •• 320 39823 3979' '0 ,-0 ,. 
o 18.3 192 21.' •• 73. "UO 3'7" 60 ·-0 u ' 

I 
1~.3 192 21.9 0.000 39830 397" 60 -a U · 
18,3 192 21. , O.OU JO.oo 3"" 60 -0 u · U., 152 21·' o.l3a 3·no ,."0 " -0 37 
U.2 1" 2'.' 1. a •• 39851 ,.", " -0 39 

18.' 152 n.o 1. ", 3.860 39"3 " -0 ..•. 
U" 15' " .6 2,081 39860 39752 58 -0 '0 

-18.1 152 n.e , .. " 39867 397tl " -0 ,.. 

I • 18.1 19' 23.1 ,.911 39880 3'751 " ·0 u . 
• 18.1 19' n.3 J.U' 39890 39750 56 ·0 U 

• 18,0 152 23.' 3,746 3.867 "790 " -0 u 
• u.o 15' 23 . 7 •• 162 39889 39749 " -0 81 

18.0 152 '3 . 9 .,"8 3'·89 3"'8 " -0 U 
18,0 I" 2·.a 40". 3988. "" .. " -a II . 

I 
17.' 192 24 •• '.010 3987' 397'7 ,. -0 , .. 
17,. 152 24., 0 ',828 39860 39746 so ·-0 lO 

17.9 192 ,4.' 0 6.243 398.' 3"" U · -0 -. 
17 •• 1'Z ".1 0 .."9 39130 3974' U ·-0 3Z 

17 •• 192 U.3 0 7.075 3912' 397.' U -0 at: 

• 17.8 15' u.' • 7,4" 3U10 397 •• 51 -0 14· 

I • 17 •• l'Z ".' 11 .0 O. aao 39110 39744 92 . -a 14 · 
a 17'. a 19' 29.7 0 0 •• ., ,,9783 39744 92 -0 -11 

• 17.8 .152 29.' 0 o . aso 39760 39743 '1 -0 -34 
4 17 •• 152 26.2 0 S.,U 397J1 397.3 " -0 .,. 

17 •• 1'2 26 •• 0 1.620 397U 39743 '0 -0 -70 
1',9 192 28.8 0 ,.on 39701 39743 JO ··0 -eo 

• . 17.9 152 28.' 0 a.uo 3U', 3"" .f ·-0 -n 

I 
17.9 152 27. ° 0 2.U, 3U71 3974' •• -0 -u. 
p. ) 152 27.1 0 3.2·0 39663 J"02 •• -0 -127 

• I ' , 192 27 . ' 0 J ••• , 3U,. 397.1 •• -0 ' -14" .. I ' • I" 27 . 7 0 •• 091 3U2Z 39701 47 ·-0 -166 

• 17, . 152 " . 9 0 .... ,. 3t112 39741 ., ··0 -176 

• 1/ , 9 ", 21.1 · 0 •• 161 3U., 397.0 •• ··0 -,oa. 
• U,O .152 2' . 3 0 ,.266 3"·0 39740 .6 ··0 -,., 

I 
4 U,O 15' 21.' 0 ,.671 39494 397.0 ., -0 -291 

• 18.0 15a 21.' 0 .. "8 39410 '''.0 ., ·-0 -10', 
• U.O ua " . 0 0 6.411 3 .... 3973. •• -0 -Z" 

• 11,0 ", a9.Z • 0.880 3"89 39739 44 ... -170 



.1 

I 
TABLE 4 VII 

OBSERVED AND REDUCED MAGNETIC 

I 
TOTAL · FORCE DATA 

~aT IfUoli ~O~QI"~D. fl18 CaDTI II~S 08SE~V&D AEGIOUI. OI\l.~AI. STOM" ~UID\l61. 

O'D " ' " Dee "'~ finD "nD 'Ii~O 'IiLD ' ''!~D 
GAM"AI GAMM'S IUqAl GAM"AU 0'·~68 

• 1.1115 h 

I 18.0 191 19.a lD 0 . ..... .Uo~ .. ," 44 -0 -I'D' 
H.O "2 " . 4 0 O.Jlo UU4 un. 44 -0 -''I u.o ", 10.6 0 0.760 ""0 un. 4, -0 -,n 
lid 1'2 ... 0 0 ,.140 ,U .. U7U 41 -. -,u 

• n.l ' 191 ' 30 . ' 8 ,.510 19"1 una oJ -0 - 1" 

I • 18.1 151 3D.1 0 1. 901 ' ,.", n", 4, -0 -liD 

• la.l 191 10.4 0 1.211 ,,, .. ,f'lu 4, ,·0 -Ul 
4 18.1 ';110 .. ' • ,.661 3UOO utu I, -. -"', , 4 11.1 U' 10.' J'.041 3960' U7U 41 -0 -171 
4 18.' "I Sl.O 3.'2l "OlO 397U I, ·-0 -tt7 
4 U., UI H.2 3.'01 3UU U7J6 40 -0 -1' .. 

n.2 '" H.I 4 . 1H J'U4 397U 40 ,-0 - 1'1 , 

I 
11.2 &9211.' 4'''1 3'U' 39736 40 -0 ' -"0 • U.2 "I H.8 0 4,'01 3'UO 39736 39 -0 -,4' 

0 11.3 ," 31., 0 , . U2 39640 397" If -0 , -Uo 

• iI.3 &9. 31.' 0 ,.702 3·64' U73lf U -0 -n. 
4 11.3 "I 31.9 a •• 0'2 39647 397" 31 -. ·U6 

• 18.1 192 31.7 0 •• ·U 19650 39735 n -0 -UI 
4 la.! ' 152 U.' 0 6. 84, 3'650 397H H -0 -UI 

I 
4 U.4 15,2 H., ' 0 7.222 396tO 19730 37 -0 -'Il I &8.4 ,U U . I 0 a 7. 602 ,'650 U7H 17 -0 -no 
.'- 1,8.' 1'2 31.' • a 7.-982 3'UO U71t Jo -0 -no 
• 11.4 "I U.7 8 a •• 362 "'lO 3m} ,. -0 -'" 
• &8.4 1'1 33.- I 0 •• 14, 396'0 3973 " -0 -u, 
o U.4 "I 30 .1 a a •• U3 39'" 39733 n -0 -no 
• U.' "2 3 •• 3 0 0 "'os 39644 39733 3S -0 -us 

I 0 U.' "2 34.' a 0 ,.8U 390'6 391n, 30 -0 -lll 

a lB.' 191 S4.' • 0 U·ZU 30600 39732 H -0 -U6 

~ U.9 "2 34.7 1~ U ' 0.000 39&40 39732 30 -0 -116 , 

• 18.9 1'2 34 •• 0 0.393 3.63' 397Jl 34 ' -0 -UO 
0 la.' lU a.l 0 O. ,., 39000 J9732 U -0 -U" 

I 
• 18;' 1" 3'.3 a 1.179 3963. 39731 U -0 -117 
4 18 . 7 ltl H.' , a ',"0 3,90 00 It'll 31 -0 -U~ 

• lB.7 192 n.1 0 ,.961 39632 3973Z sa -0 -U2 
0 , U . 7 ''2 n :, a 2.3" 39630 3.7J2 U ·0 -UI 
4 18.' 151 3'.2 0 2.148 3 •• 21 39731 n -0 -uo 
• U.I ,91 36 •• a 3.100 39621 39731 U -0 -141 

• U.' "2 3 • • 6 0 3.'S3 3.016 397H 30 -0 -I" 

I 
4 18.' 192 36 . 8 a 3.'H .3'Oll 39731 30 -0 -190 

lA •• "2 37.0 4.SU 30010 397H Z9 -0 -1'0 
10.0 "7 37 . 2 4.710 39001 397H 29 -0 -UI 
".0 192 37.4 9.103 39008 39731 at ·0 -ua 
l'.O 192 37 . , , .0" 3960' 39731 21 -0 -I" 
19.1 192 37.8 9.eSl 3900' S9711 U -0 -1,. 

I 
19.1 "2 38. 0 • • 280 3OS'0 39731 17 -0 -UI 
It.2 192 38 . Z •• 67' 39~90 39711 17 -0 -167 

o 1' . 2 1" 34 . 0 7 . 0n ,.590 39731 Z6 -0 -167 

• 19.2 192 38.6 7 • .,. '9~'9S 39731 U -0 -U4 
19.3 H2 31.' 7 • .,0 39594 39730 Z6 -0 -162 
19.3 "2 3'.' •• 243 395eo 39730 2' ·0 -1", 

• ".3 1'2 39 . 3 1.636 39B' 39730 Z5 - 0 -170 

I 
• 19.4 '1" 39.' 9.071 3'~OO 39730 ZO -0 -(64 

• 19 •• "2 3'.' '.021 ' 39HZ 39730 14 -0 -162 

• U.' 192 3' . 9 •• 113 39000 39730 23 -0 -19. 
a 19.9 "2 40.1 10.206 '9594 391'0 U -0 -u. 
4 ,9. , 192 40.1 l' 9 , 0.000 39HO 39730 U -0 -In 

• 19.1 l'Z 40.1 0 a 0. 383 39603 39731 23 -0 -"2 

I 
4 ".' 152 40.' • a 0.767 396\0 39734 21 -0 -10, 

20.1 191 40.1 • a 1. ltD 39H' 397H 21 ·0 -I" 
20.3 "2 .0.1 • a 1.'33 30~'O 39731 21 -0 -110 

• 20. , "2 40.1 • 0 1,'16 3"02 3.700 U ' -0 -15' 
4 20.7 1'2 40.1 • 0 1.300 39490 39742 H -0 -Z7I 

• 10.' 152 40.1 • 0 2.083 39502 39"0 ZO -0 -211 
4 h.2 1" 40.1 0 '0 3.066- 3tHO 39706 10 -0 -1 00 

I 
h •• "I 40 . 1 I 0 ' 3,"0 39'" 39748 10 -0 -u, 
21.' "2 40.l 0 0 3.U3 '9560 3.790 19 -0 -20. 

• It •• 192 40.' • 0 •• 2U 39960 39792 19 -0 -2u 
0 22.0 1'2 00.1 0 0 •• "9 3.560 397,. 19 -0 -IU 
0 12.1 192 40.1 0 0 4 . 983 395H 39756 1I ,-0 -2U 
4 Z~. 4 "2 40.1 , 0 9.366 ,.,.7 39751 18 -a -zu 
• 22 •• 1'2 40 . 1 • 0 ,.7.9 ~"o. 39760 17 -0 -zu 

I 4 12 . 1 1'1 40.1 0 • • • 133 ,,,,, 39712 17 ,-0 -a24 

• 12.8 1t2 40.1 " 39 
0.000 39'" 39762 17 -0 -124 

0 12.7 1'2 3'.0 0 0 1.04, ,un 39763 " -0 -a·, 
• 22.7 '" 37 . 9 0 a 4.093 0 3976' U -0 

• 22.' 192 36 .' • 0 i.ll. 0 39766 U ' -0 

I 
• 22.' 1t2 39.7 0 0 8.ln 0 39767 U -0 

22.6 1t2 , ... 0 0 ao"H ,0 39769 0 ·0 

22.' U2 3S.' • 0 12.278 0 39770 0 -0 

o 21.9 1'Z IS.' U 10 0.000 0 39770 0 -0 
,4-, 2'l, 7 

'" 31 . 3 0 4.0 .. 0 39776 I ·0 

• 22.8 "2 2 •• ' • 8.". 0 3971t • ,-0 

I • n.o &'2 29.1 ,F 0.000 39650 39781 a ·0 -lll 
21 . 0 "2 2~.8 0.'27 39650 ~9782 0 -0 -UI 
n.o lt1 21.' ,'.0" 3'''' 39712 0 -0 -130 

0 23.0 1t2 21.a ,.510 396" 39713 0 ';0 -ua 
0 23.0 "I 28 . 0 2.lOa ' UU, 39713 0 -0 -128 
0 13.0 "2 17.7 a.633 39U7 39714 0 ,-0 -127 

I 
23 . 0 192 27 . 4 3.U. 39610 397U • -0 -,u 
11.0 "2 27., 1.686 ,9660 397U 0 -0 -11' 
'23.0 U2 26 . 8 4.IU' 396 .. 39716 • -0 -u7 

• 11.0 "I 16.9 4.U9 '9670 39787 0 -0 -U7 

• 23., 191 ... , 0 ,.2U 3967. "717 a -0 -us 
4 n.o "2 2i.a a 9.792 39679 "718 0 -a -,u 
• 1,\. ~ "I 29.' a 6.118 39." 3"" 0 -0 -", 

I 
0 fl •• 1t2n.4 0 6.149 UH7 3"89 a -0 -n 
0 n.o 191 n., 0 1.171 -0 ""0 0 '-, 
0 11.0 "I 20.8 ' 

,. 7.8U -0 19790 0 -0 
Ii n.o 192 ao •• 0 0.414 -. "7" • -, 
4 13.0 192 10.1 • 0 • ." -0 ""1 • -0 
0 11.0 192 84.0 • 0.010 -0 10'08 • ·-e· 

I 



--I TABLE 4 VIII 
OBSEIiVED AND REDUCED MAGNE'gIC 

I 
TOTAL roRC~ DATA 

AUloll'A~. ill' 'YO& LONQITUOI UIIQ 100('1 a~1 - OO'ifl\YlD DIUA~i~, _ OTORI! aIOIOUAb' 
t -II N DU 11111 'IHD '.Ifl;D' 'IE,~tl ' , 'ULI ' 'lbD 

06""41 IlMAO ','MAO' 8AI!IIAO 8A1I~AO : 

I 1.1118 14 

f l'.1 1'2 ,f.' 0 .. 0.000 0 ""1 30 -0 
4 U.2 "2 U.O , 0.166 ' .. 90 n1" Jl -0 -01_ 
• I".' U2 19.0 , loUI 39"130 197', U -0 -91 

I 
U.O "2 1'.0, , 1.29. 19774 1975, S2 ·0 -, 
16.' In 16'.' 0 1.06' 19790 "752 -u -0 6 
u .• ' ''I 16.' • I.U, 191,'1 "752 U -0 II 
, •• 1 "2 , " . 0 0 4,,,, Ita so 197,. U ·0 ." '16.8 192 17 . 4 , a ,.IU J91fO ,.75, 14 -0 ( , 

4 u.e "2 -17 •• 
g, , 0.000 1t19O 39na i4 -0 4, 

I 
4 u.' '" 17.' 0 100" ~'770 19751 n -0 -" d P.o 1'2 18.9 0 2.oto "780 It'" U ·0 -0, 
d H.2 ". 19.0 0 I.U'- 1'''0 a7,. S7 -0 ,-
4 H.3 ". , ... 0 4.,7. 1970' "19' U -0 -.. : 
0 11 •• 19. 20.1 0 ,.22. -19650 1975. " -0 -,., 
Q ,7.' ' 19' 10.1 • 6.169 )9.n "75, 40 -, -10' 

I 
, '1., 1'2 20.1 , 10 0.000 , .. ,', 197,. '0 ·0 ·U1, 
1f,7 '52 21.' • 0 1.161 IHU 1t751 0, -0 -67 
11.e "2 22.' 0 0 I.Uo S"U ""0 01 00 -0 , 
U,O 192 U.' I 0 •• 702 lPa', 19749 44 -0 'a, 
18.2 "2 U . O • • 6.'69 S.190 39748 o. ., to, 

I '. U.2 '52 ,0 . 0 " go o.uo I.e70 3"0' t' -0 ' ", • 18.3 "2 24.2 I 0 0.002 39.7, S970. 0, -0 ", • 18.3 "2 24.' 0 0 o •• os ",.;, Sf749 0' -0 " , 
U.4 U2 24 . 6 a 0 ,.20' '954' 39749 ., -0 46-
18.4 "2 20.' I 0 1.Ut '0530 lPno •• ·0 at,' U., '92 29.0 0 0 2iOOI ,950l 39150 '1 -0 • • U.' '52 2'.3 • 0 2.009 It 7" 391Sl 4' -0 -4 

I 
Q U.6 "2 .,., • 0 a.811 19176 3915, •• -0 -,. 
4 U.6 "2 ".1 I 0 3.2n '9761 '9n2 " --a -40 

• 18.7 1,a., •• 0 0 3.614 391.4 39752 " -0 -,., 
• U.7 1,a 26 . 1 0 0 4.016 ,91U 39"3 '1 -0 -u' 
4 U.8 1'2 26.' I 0 4,'17 ,9100 197U " -0' -U4 

Q U •• 1,a 26.3 u U 0.000 39100 397" " ·0 -104 

I • 19.0 '92 26 . 2 • 0 0.390 396U 397" '1 --, -1U: 

• 19.' 192 2601, 0 0 0.181 39670 39"7 U ·0 -UI-

• U.4 ,'a 26 . 0 0 1.\71 ,9706 397,. ,. -0 -,os: 
• ,9.6 1'2 26.0 ,0 1.962 1973' 39760 9S -0 -,. 
Q U.' "2 29.9 0 ""2 3"45 39762 tS -0 -'0 , 
4 fO.o ''2 a, •• 0 a. J43 39170 39784 54 -0 -'7 
4 10.1 "2 " . 7 0 2.7J3 3981' 397., ,. -0 ·s: 

I • 20" 192 2' . 6 0 ,.12' 39643 39767 " -0 2&: 
4 20 . , 1'2 "., 0 3"1' 3913' 39169 " -0 u _ 

20.7 1" "., 0 3.90'. 396U 3917, 56 -0 -" 20.9 1'2 2'.' 0 •• 29' ,961' 39712 " -0 -" 11,1 1'2 2'.1 0 •• 61, 19190 3917. " -0 -.,: 
• 11., "2 29.2 0 ,.076 39766 39176 " -0 -." 

I 

I 4 21.3 1'2 2'.' 1 ., 0.000 ,9768 39776 " --0 -U: 
11,7 152 2' . 0 0 0 0"07 ,9160 S9179 ,. -0, -" 
22. t 152 •••• 0 0 1.615 39 764 39183 ,. ,-0 -11 

12.' '92 2' . ' 0 0 2. '2Jl 3950' 39766 " -0 -40 
2".8 1'2 24.' 0 a 3. ZlO ,9620 '9190 eo ,-0 -30 

• U.2 l,a 2'.a 0 0 •• QJ7 39H' , 3919, " ·0 -,., 

I 2 11:3 m H:I 0 0 •• 144 39SU 39197 _ " -0 to 
0 0 ,.652 ,U., 19800 SA -0 I~ 

• 14 . 12 192 21.' llU 0.000 ''''2 '9100 " -0 
,., 

• ",4 192 2'.' 0 0 ooe" 39&U 39804 " -0 , ~ 

• Z4.8 1'2 23.' 0 0 1.637 ,9790 3980a " -0 -13 
4 25.2 1'2 23.a 0 0 2 •• " '9830 39512 50 -0 -36 

I • 25.' 192 22.9 • 0 ,.", ,9920 39815 53 -0 '2 • 25.9 &'222.1 0 0 .,091 4000' 39819 '1 -0 134 
4 26,3 ,'2 21 . 9 a 0- •• 91 - ""0 39823 ,. -0 " 
Q le.' 1'2 22.' 11 '0 o.OOt ',9"0 '9823 50 -0 " • 2&.3 152 23. , 0 0 1 • .,9 39870 39ft Z1 4' -0 0 
~ 16.4 152 "., 0 0 ,.7U 39829 '9619 .7 -0 -41 

I 
. , 26 •• 152 2'.' 0 0 ,,577 39164 39611 46 -0 -" Q 16 •• 152 26.' t 0 7.43. H744 '961' 4' ,-0 -ut 

16.' 1'2 26. , U I' 0.000 30704 39619 ., -0 -u' 
16.' 192 27.4 0 1.619 39120 3981' ., -0 -_137 
l6,4 1'2 28.2 '.230 ,9708 J9812 4' -0 -,., -

4 16.4 ,'2 2'.' •• 658 397U 39611 40 -0 -'48 

I 4 26 . 4 152 30.0 a. '18 '9110 39809 ,. -0 -, .. 
4 26 , . 1'2 30.' • • 097 391>91 '980' 31 -0 -'" • 26.4 19231.7 9.1,7 ,9692 '9606 n ·0 -190-

• 26.4 152 H.' u.n6 ,9U7 396" 3J -0 -15' 
4 26.5 15. "., u,n. ,9670 39604 '2 -0 -"" 4 26.' 192 14 . 3 1"'" 19U' 39802 '0 ·0 -167 

I 
4 26.' 1'2 3'.' 16 ·'" 396" 39101' 2' -a -,14-
• U., 192 U . , &7 .814 H637 39799 Z7 -0 -U" 

• 26.' 15. 37.0 ,9.434 39627 '9798 U ·0 -Ut, 
I 26.' 152 37-.' 11.0n ,u" 39796 2' - 00 -zo. 
• 26.' 192 3'.7 02.612 '96'0 39199 U -0 -'" 
4 16., 1, a 3a.7 1910 0.000 ,96'0 397" n ' -0 -111 

I '. 26.9 192 38.7 0 0 o.au 39"0 39,799 21 -0 -uo 
• 27.4 15238 •• 0 0 ,,612 '''.0 39803 20 -0 -303, 

• 21.' 152 31.' a 0 2 •• ·, 1946', 3J807 " -0 -361 

• ZI.2 1" 31.' 0 0 1.264 ,9491 , '9811 
,. 

-0 -~32 
4 28.7 "2 31.' 0 0 '.080 ,nn 39814 H ·0 -266 

• 2.9. I 19a 3'.' 0 0 ..... ,9'" 39818 " -0 -2" 

• 19.6 ,,, 38 • • D 0 ,,712 3"" '9U2 " -0 -2" 

I • 30.0 192 38 •• 0 0 e.u. 3"41 ".26 14 -0 -,ltl: 

I ' 30.0 192 3~.4 
" '0 

0.000 ,,, .. 398'26 ld -, -291' 

• 29.1 1,2 3';1 0 0 2.0" u,,~ '9U6 U -0 -181 

• 29.' "2, 36.2 0 0 4.,,, , ,,,,, 39826 U' -0 -212: 

• 29.3 '" 39.1 
0 0 1.&7. 3f'" '9126 • -0 -2" , 

• 29 . 1 1'2 34., a 0 _ •• n7 '9601 39826 7 ··-0 -II':, 

I • 28,.' " '-, 33.0 • 0 10,197 UUO StU. 6 -0 -201. 

• ZI.6 :, 2 ~l.' • 0 Ut'" ''''',' 39U6 4 '-0 --,n, . , 21 •• 152U.' U ' qO ,taoo ' ' 19'" "IU 4, -0 -i", 
4 lB,7 152 ,'31.3 0' '0 '.2OS ,U" 39628 I .:-'0 ""6' 
• 2 •• 9 ,,, 30 .. 6 0 - 0 Z.4., - : J~no ,JOell 2 -0 '-Ul-

• 'Z9.0 192 30.0 0 0 - ' ; '08 3"75 39.33 0 -0 -'" 

I • 29.1 
_ "2 20 . , 0 0 4;111 lOl" 3UU 0 -'---0 -160 

• 29.3 192 28 . 7 e 0 6.014 3U'~ , '9S3A 0 -0 -'U' 
• 29.4 152 21.1 o ' 0 1 . 716 39HO )9~'" 0 -" .1~O 
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1 
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1 
1 
I 
1 
I 
1 
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I 
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TABLE ,4 Ix , 

OBSERVED AND REDUCED' MAGNE'hci 

TOTAL FORCE DATA 

II •• 1"" K •• OUE-VED ~EQIOIlAL 

'IELD, nE,LD 
Ql"~U UIIN" 

LIN. I. 

a'.a' 0.001 at .. o :u.~. 

• • hU' , , .. " "1.' 
I • 1 . 179 ... ., ..... , 
I 0 ..... ,''" . ..... 
I , •• ff, .",. ."U • • '.14' au" .".6 
" .. ... aoo at'" .te .. 
• • "". . .... , ... " 
I • S .... .,," ... .,. 
I , ..... ..". . .. ,. ., . , ,.", ." .. ... 11 

DIUIUL nORII IIUIDIiAL 
' ,It.D 'ULD 'ULD ,.11." '"1111,,, ,0611"" 

• •• .". • -0 ,·'·1, • -0 ' ,.,,, ' 

• ·0 . ·au· , ., ·'U: 
0 ·0 ·'a: 
0 ~O ." • ., ·1 ' 
0, ·0 .,. 
a •• •• , •• ..... .. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

" n.2 
4 &l,o 
4 n .• 
" 12,6 
• 12,' 4 U,S 
4 &2,1 
• &1,9 
• &1,7 
• 11,' 
• 11,4 
• 11,2 • . &1,0 

• 1O,a 
" 10,6 
4 10,4 
• 10,S 

. • 10.1 
4 9,t 

• 9,7 

• ',7 
• ',S 
• 9,0 
" 8,6 
• 8,2 

• 8;2 4 a,o 
• 7. a 6 7,6 
4 ',4 

• 7,2 
• 7,0 
4 6,' 
4 6,7 

4 ." • 6,3 4 . 6.1 · ' '" • '.7 
'.7 
5,6 
'.6 
',6 5.' ',' '.0 
'.3 '.3 '.3 '.2 '.1 '.1 

• ',1 • '.0 ~ '.0 4 4,9 
4 4,8 
" 4,8 
4 •• 8 
4 ",7 

A 4,7 
10 .,' 
.. ",6 .. ..6 
4 4., 
4 4.' 
4 ",. 
4 ••• 
• ot., 
.. 4,3 

"0 4.~ 

,. ".2 .. ".1 
0,1 

o ",t 
4 ",D 

0.0 
3.9 
3.9 
3.8 

• . 3.8 
.. 3.' 

3.7 
3.6 
3.6 3.' 3.' 
3.0 
3.0 

.. 3,. 

.. .1,4 

• 3.3 
• 3,3 .. 3.3 
" 3.3 
• 3.2 
• 3,2 
• 3.2 4 3.2 
4 3.1 

• 3.1 
• 3.1 
• 3.1 4 ' 3,0 

• 3.0 
• 3.0 
• 3,0 
• 2,9 
• 2.9 
4 2.' 
• 2.9 
• 2.a 
• 2.a 
" 1.1 

~O.G I JUOi 
CEQ , "". 

1'2 U.3 
152 " •• 
1'2 16.' 
152 ... , 
"2 U •• .,2 16.' 
152 '17.0 
1'217.1 
lU 17.3 "2 17 •• 
1'Z 17., 
1'2 " •• "2 1'.' 1'2 1,.9 
152 11·0 
1'2 ,a., 
UZ 11.2 
"2 18.' 
UZ 11.' 
.,Z 18.6 ' 

152 18.' .,2 11.' .,2 1'.1 
1'2 19.4 

"2 1'.' 
"2 1'.7 
152 19.' .,2 1'.' 
1'2 20.0 
1'2 10.1 
.,2 ZO.2 
152 Zo.3 
In 20.' 
152 20.' 
1'2 20.7 .,2 20.' 
.,2 ZO.' 
,152 Zl.iI 
.,2 21.1 

152 '1.1 
.,2 21.3 
tH , 21.' 
.,2 2l.7 
1'2 21.' 
152 22.1 
152 n.3 
152 22.' 
1'Z 12.7 
H2 '21 . ' 
.,Z U.l 
152 21.2 

.152 Z3.' 
152 23.6 .,Z as.a 
152 Z"O 
IH Z'.2 
15Z 2' •• 
152 2 •• 6 
152 2' ,' 
152 n.o 
15Z 2'.0 
152 2'.2 
1'2 n.' 
15Z 2'.6 
152 2'.' 
H2 26.0 
152 26.2 
lH 26., 
152 26 . 7 .,2 26.' 
1'22"1 
152 27.3 
.,227.' 
152 27.7 
152 27.9 
152 28.1 
152 21.3 
"2 28.' 
152 2'.7 
"2 28.9 
.,2 29.1 
15Z 29.3 
.,2 2'.6 
.,2 29 . ' 
15Z 30.0 
152 30.2 
152 30.' 
152 30 . 6 
152 30.8 

1'2 30. I 
1'2 31.0 
1'2 31.2 
1'2 31.' 
1'2 U. 7 

' 1'2 31.9 
152 32.1 
152 32.3 
1'2 32.6 
1'2 u.a 
In U.O 

, ' 152 U.2 "2 U., 
152 33.7 
.,2 U.t 
152 S4.1 
152 34.3 
152 34.6 
152 S4.' 
1'23'.0 
152 3'.2 
152 3'.' 

' 152 n.7 · ' .,2 n.9 . 
152 36.1 

fI~' IUTI 

it V, 
,0 0 
o 0 
o 0 

o 
o 
o • o 
o 
o 
o • o 
o 
o 
o 
• o • , ., 

o 0 
o 0 
o • 
o • 

un 
o 0 

• • o 0 
o 0 
o 
o 
• o 
o 
o 
• o • 

U • o 
o 
I 
o 
I 0 
o 0 

• 0 •• • o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
• 

1 10 • • I 0 
o 0 
0, 0 

o '. o 0 
o '0 

• 0 ~ : 

&SIO 
o 
o 
o 
o 
o 
o 
o • o 
o 

o 
o 
o 

-TA13LE . 4 :X 
OBSERVED AND REDUCED MAGNETIC 
. TOTAL roRCE DATA ' 

.'5 ObS;;'''';; . . ". 

0,000 
0.410 
o,h' 
1,U' 
1.031 
1.04, , .. ". 
,,167 
1.2" 
1.687 
•• 096 
4"06 
4.,1' 

, '.en ,.n, 
6.1 4• 6.". 
O.U. 
,.UI 
7.783 

0.000 
0.16 • ,.72. 
""3 , .. " 
0.000 
0.410 
0"19 
1.12, 
1.U. 
2.0'8 
2.'" 2."7 
3.277 
3.61& 
•• 09& 
4.10& 
4.915 
,.IU 

0.000 
0.314 
0.74. 
1.122 
1 ... 6 
1.870 
2.24' 
2.&19 
','93 
,.U7 
1. 7., 
•• 1\ , 
•• ,uo 
4 t 863 
,.n7 
,.611 
,.9U 
'.Uo 
•• 7J4 
7.108 
7 •• 12 

0.000 
0.19. 
0.78. 
1.183 1.". 
1,.972 ' 'II 
2.367 
2.761 
'.lH 

""0 ,.,., 
4.339 
•• 114 
,.121 
""23 
, .917 
'.HZ 
•• 70. 
7.10, 
7 ... , 
7.190 
8.214 
•• &7 • 
t.073 

9.'" •• IU 
10.297 
10'''1 
U.046 

0.000 
0.413 
0.12. 
1.23. 
1.652 
2.06' 
2."a 
2.191 
1t1O' 
,.717 
•• 130 
4.143 .. ". ,.'69 
"ru 
601" 
1"08. 
7.021 
,.4U 
7.847 
•• 260 
6.'" 
•• 016 
9. '90 
';'11 

,' t, ., .' 

.. UO 16 

o • o 
o 
o 
o ,,,,, 

39611 
'''17 
U.,O 
,9610 
19615 ,,,,, 
196 to ,96 to 
3·616 
39622 
,' •• 0 
,"50 ,"65 
Hen 
3.n6 
39670 

3"" 19670 

~'670 
396" 
,9631 
,9620 
39000 
39H7 

""0 39HO ,no' 
3U·2 
39531 
UHO 

'U" 19"0 

""0 ""2 39580 
39580 
3958. 
39&00 
39000 
39&07 
396U 
39&12 
39000 
3961' 
39&21 
39&43 
39660 
19677 
,9695 
391" 
391 32 
39100 
39125 

,91U 
, 97 17 
39&94 ,96" 
3'66. 
39660 
,9." 
39UO , . ." 
39660 
39". ,,,.8 
39038 
,9633 
,9040 
3'UI 
39033 
39630 

, 39607 
,9578 
,95" 
3"25 
,9'10 
39H2 

""2 ,9474 
39470 
"467 

3"" 
394" 
390'0 
19440 
3'''0 

""0 39'" . , • .,0 
3.461 

'94" ,94" 
,,490 

39'" 
3"00 
39." 
3"'0 
·31'" au" 
19467 
39457 
3'0'0 
3"'0 
3".g 
3"~0 ,ttn 
390~~ 

........... 

39717 
U'19 
U714 
197U 
'97 to 

, ,3970' 
39107 
39705 
39704 
'.701 
39700 
S9698 
39697 
su" 
,9693 
19692 

'96" 1961. ,96., 
'96., 
396" 
39611 '96,. ,,.,. 
3 .. 70 

39670 
'9668 
39666 
3hU 
39662 
39UO 
39658 
'9697 
396" 
39653 
39651 
39&.' 
39047 
H6" 

3964. 
39644 
396" 
3"0' 
396"~ 
39601 
396 01 
39640 
3963' 
39611 
19UI 
39637 
3963& 
'9tH 
3.63' 
39634 
3.6l3 
3963Z ' 
'96'2 
39631 
39130 

,.uo 
'962' 
3.621 
39621 
3'627 
39626 
39625 
3'62' 
39624 
39623 
3.022 
'.611 
39621 
39620 
39&19 
39611 
39617. 
"617 
39616 
39619 
3'61" 
3'61' 

', 39613 
39&12 
'9611 
'9610 
390'10 
3.609 
'960' 

39608 
39607 
39&07 
39606 
39606 
'960' 
3960' 
39604 
ShO' 
39602 
39002 
39601 
3960l 
39600 

39,'" 3"" I"" 3"" 3"" 39596 

3"" 3"" 3"" 1"" 
3'593 

~J~.A.!~ 
•• ;~61t 

., 
4' rH . 
'7 

, .. 
•• .8 .. 
.9 

, .. 
SO · 
'0 
'0 
'l 
" " 'I 52 
'3 
5S 

n ,. ,. 
" " 
" " 56 t. 
" " " 51 
51 
51 

" " '0 
60 

60 .. 
" " " " " " 51 

" " " 51 
51 ,. 
56 

" " tS 
50 
50 

50 
50 
53 
53 
53 
'2 
'2 
'2 

" '1 
'0 
'0 
'0 .. 
.9 
0' 
'8 •• '8 
07 ., ., ., 
46 ., ., ., 
' ,4 
44 

~'O"" · ' flEln ' 
U""_O 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
.0 
00 
40 
40 
40 
40 
40 

40 
40 
40 
40 
.0 

40 
40 
40 
40 
00 
'0 
40 
40 
40 
40 
40 
.0 
'0 
40 

40 
40 
40 
40 
.0 
.0 
.0 
'0 
.0 
40 
40 
'0 
'0 
'0 
'0 
.0 
.0 
.0 
'0 
.0 
'0 

40 
40 
.0 
.0 
40 
.0 
40 
40 
'0 
'0 
40 
'0 
'0 
40 
.0 
'0 
40 
40 
40 
.0 
40 
40 
40 

, 40 
.0 
40 
.0 
40 
40 

. 40 
00 
40 
40 

, 40 
40 
40 
40 
40 
40 
40 
00 ' 
40 
40 
40 
40 
40 
40 
40 
40 ' 
00 
.0 
40 
.0 
.0', 

-UI, 
·US: 
-96, 

-'l -to -.. -.a, -,. 
-" -., 
-eo -" , -,.,' -3', 
-n 
·37 , 
·ra: -u, 
·U: 

·U· ·n, .... 
·'0· .'" ·uo 

-U6, 
-12" 
-121 
out · 
-132 
-ua 
-112: 
·n: 

-n: 
.'1' 
·11 , 
-ftl : 
·77 
-40 .", ·'l ·45' 
-0 • . ;,: 
-31 · 
-ro · 
-a 
10 . 
U' 
47 
68 .. ,,: 
11: 

II : 
14 · 
u · 
34 
2' 
22 
II 
24 
t3 
26 · 
Zl 
17 

8 

• 12 
11 

7 
; : 

-16, 
-.• 4' 
-76 -.,' -'to, 

-116 
-12': 
-141 
-I" 
-1'6 

. -1'7 

-1'7 
-161 
-170 -u. 
-U8. ' -uz, -1", 
-1'" -ua 
'-126 
ella 
-101 -U. 
-104 -LOa, -,u. 
-'" ·'28 -ut.: -,.a: 
-'oil' -13 : 
-li'o 
-lti1i 
-183 



I TABLE 4 Xl· 

OBSERVED AND REDUCEDMAGNETI.C 

I TOT.A:L FORCE DATA " :f ··:··: · ... 
. . . . ... , 

LA" TUDIi LDNDI '~Di 'I ~. 'ci,,, KMS OaSE~VED .REOIONAL ,', DIIIR'AL' STO"" RESIDUAL: 

I 
DtO MIN DEQ 141, FIHD fiELD : 'lhD 'IELD 'IELO 

. QA~.U O." •• ~ . eAR~" OA"RAO 0'".'0 ... ". l6 

2.a U236.1 I' \I 0.000 ~ ...... 
~"" 18 40 ' -103 ' 

I 
2.' U2 3 •• 0 • . 0 0.'2' . 3U" ''''1 It 40 -'0 ' a.' U2 3'.' 0 • 1.0" 39435 '95" ao 40 -161 
2.0 112 U . ' • 0 1,'11 '9450 ,,,., ••• 40 -n& 

• 2.0 192 U •• ,. 0.000 394'0 39'" 34 40 -13l' 
4 1.' ua 3'.7 0 D.H' u·eo 3.51. II 40 .,. 
q . 1. , ua 39." • 0.4" 39440 39'19 U .40 -131 ' 

I 
• 1.9 U2 3'.' 0 1.047 '9400 ."13 U 40 -U6 • 1.4 192 ·n.4 0 ,.u. 3un 395" II 40 ·207 
0 1.2 ua 1'.1 ' O. 1. ,., 39140 ,nll U 40 ·233 • 1.1 1'2 u .• I 2.014 39157 '''.0 II 40 ·3tt 
• a •• 192 39 . 0 I 2.14, sun '917' U 40 .3" 
0 a •• 1'2 34.' 0 2.792 3UlD 39577 Ii 40 -,,, 
4 0.6 192 ,4.8 0 3.14, 1920. ,,,,. 3& 00 ., ·3" 

I • 0.' 1" U.7 0 3.490 ,9ZU 3957' 3& 40 -'54 • D.' 1'2 ,4.6 • 3.13. ,OlU 3957' 31 40 "339 • 0.2 192 34 .' 0 0 '.1" 1922' '9172 10 40 ·ue 
4 0.0 112 , •• 4 • 0 4.IH 1921' '9171 . I' 4' .'44 

4 0.0 112 34.4 14 I 0.000 3'2t7 39;7, 3. 4. ·344 • 0.0 1'2 3'.a • o ••• , 3920' ,n1a " 40 ~,,,. , 

I • 0.1 "2 33.' • 0 •• 91 ,Ol0' '''13 It 40 -'51 
0 D.' 192 31.7 • I.H. JU06 '.573 Z9 40 -,,. 

·4 o.a 112 n . 4 • ,.795 . 39211 S9S7. " •• ·"6' 
4 0.2 1'133.' a.-zo. letH ,,,,, U 40 -u. 
4 0.2 152 U.o a.693 392'0 3n16 II 40 ·324 
0 0.3 i52 32.7 3.14a 3'l'0 '9977 2. .0 ·~'4 

I 
4 0.3 192 32.' 3."0 392'8 39178 17 40 -30' 
• 0.4 "2 n.3 4.03' 3'282 3n7. 17 .0 -ZU· 
4 O • • 192 U . O • · •• 88 39291 '917' 17 40 ·269 
4 0.' 192 H • • 4.937 "J" 391eD 26 40 -Z'l · 
4 0 . ' 19Z 3\.' ,.116 39320 ,.", 2. 40 ·Z·7 
• 0'., 152 31.' ,.834 39324 '91'2 Z6 .0 ·2.' 
4 0 . 6 15Z ·31.' t. ze3 '9330 39513 as '0 -238 

I 
4 0.6 15Z 3~.' 60732 39330 '''13 · 29 GO" -23' 
4 0.7 112 30 . 6 7.1&1 39130 3.514 2. 40 ·23' 
4 0.7 liZ 30 . 4 0 7.129 3UlI 39515 a. 40 -234 

• 0.1 liZ 3".1 8.0'8 39140 395U . ,. 40 ·230 
0.8 112 20 . 9 I. '27 3UlI 39987 U .0 ·23" 
0.1 192 2'.' 8.976 3'3H 3'588 n .0 ·237 .. a •• "2 2'.4 9.4" "HO 39188 . 21 40 ·a·l· 

I • 0.9 112 1.t.2 •• 873 303H '9510 n .0 ·24" 

• 1.0 192 ~~.o lD.322 3'327 3"'0 U '0 -2'" 
4 '.0 152 Z •• 7 10·771 ,U20 3.591 U '0 ·2'1. 

• 1.0 152 2' · ' 11.220 '9306 3'5'2 21 40 ·267 

• 1.1 192 28.2 U.169 39297 '9593 Il .0 ·277 

• 1.1 19Z 28 . 0 ".117 392.7 3.5.3 II 40· -277 
0 1.2 152 27.7 lI,"6 3930' 391.4 10 40 ·.69 

I 4 1.2 192 21.' a 103.015 3U" ,un . to 40 -a •• 

4 1.2 '"~ 11 .' " 10 
0. 000 3.J1I ,,,,, 10 00 ·260 

4 1 . 2 152 21. ' . • • 0.316 3USI 3V'" 10 40 -2'0', 
4 1.3 192 27., 0 0 0.773 39372 399.6 . 

j " 40 ·ao." 
4 1.3 152 26 . 0 0 0 1.15' 3940' 3"" ! " 00 

."1' I 
4 '.4 '"~ 26.7 0 0 ,.,., 3"10 391 .. " 00 ·U 
• 1.4 152 26.9 0 0 1.912 39383 39198 U 40 ·U. 
4 1 . 4 "2 U.,· .. 0 2.118 393'0 '.591 18 , 40 "21 
0 1.' 192 ae . l • :-- a.700 393" 39600 II .0 '-12 

• 1.' 19Z a'.' 0 3.0., 39361 39600 " 40 -21 

• ,1.6 1'2 25.7 0 a 3.411 393" 39601 17 00 .22r • 1 . 6 192 29.' • ,.163 39348 39602 " '40 ·U 

I 
0 1.6 1'2 29 . 3 ., '. 4.,'D 39311 39602 16 40 ·24' .. 1.7 :192 " ., 0 4. U6 3Uf' 39603 16 40 -236 

• 1.1 152 2' , ' 0 '.022 3.3" 3960' U 40 -22': 
0 '.1 152 2'.' 0 ,,401 3un 3960' U .0 -219' 

• 1.8 192 a·.4 ,. ,,, 3937. 39609 " 00: -20a ' 

• 1 •• 19a 2'.' 6.181 3'3'0 39606 U . 40 -19' • I.' 15Z' 24.0 6.,., 393'0 39607 U 40 ·Ul 

I 
0 1.' 1'2 23.8 6.". 39400 39607 14 40 ·111 

• 2. a 192 23 • • 7.HO 39'0' 39601 14 40 -177 
0 2.0 152 a3.0 7.726 394,. 3.60' 14 40 ·16' 
4 2.0 19Z 23.a •• 111 3042' 3960' U 40 ·1" 

• 2.1 192 23 . 0 ..... 3'''2 39610 11 '0 -1'1 . 

• 2.1 152 22.' I •• n 3.441 39611 U 40 ·'36· 
4 2.2 192 22 . 6 9.272 3.460 39611 U .0 -124 

I • 2.2 152 22.' '.6'8 3.465 "6U U 40 -119 

• 2.2 192 22 •• 0.000 ,.." 3.612 II 4' ··U'· 
4 2.2 U2 ' 22 . 2 0.394 3"" 39613 11 .0 -U9 
4 a.3 "2 22.0 0.718 3"" 3'614 . U 40 ·uo 
• 2.3 192 21.8 l.ua 39482 39614 11 40 ·U3 
4 a.4 192 21.6 I.'" 3"15 3t61' ·11 40- '-Ul 

I 0 2 •• 192 21 . ' ,.96. 394U '9616 10 ' 40 -U3. 
4 2.' 152 21.2 2.361 3.480 '9617 10 40 -ie7 
4 2 . ' 192 20 •• 2.7" 39'" 39611 10 40 -U2. 

• 2.' 192 20.1 ,.", 3.48' 39618 10 40 · ·U3· .. 2.6 192 20.' 3.149 ,9491 39610 9 40- ·'3 

• 2.6 "2 20.3 3.91. 3'510 39620 • 40 .". 

I 
• 2.7 H2 20 . 1 0,313 , 3UO' . 3.620 • 40 · ..... 
4 2.1 &52 1' . 9 4,727 391 to 39621 • 40 . ·to 
• 2.1 I" 10.7 ., '.121 3'510 39622 • 40' ·ao 
4 2.8 192 1'" • ,,'14 39107 39623 • . 40 ·13· 
4 2.8 "2 1'·3 ,.908 39509 StU4 7 40 ·16· 
4 · 2.' . 1921 •• 1 '.'02 ,.." 39624 7 40 . .,. 
0 '. of) . 152 .lI.' ..... 3"" St62' 7 40 .f7 . 

I 
4 , 1'2 ".7 O· 7,090 3,"'" 39U6 • 40 -f7 
0 .1. . 1'2 18.' 0 7 . ... ,9497 "U7 • 40 ...... 
o· J . 152 ".1 0 7.818 39:497 . 39627 • 40 ·96 
4 3 . I 192 18 . 0 0 0.212 J9IOG- 3'628 ' • 40· ·.4 
4 3.1 152 1 7 .a 0 .,66' 39103 39U' , 40 "'1 ' 
4 3.2 1'2 " •• 0 •• no 30'09 3.630 , 40 ... 
0 3.2 192 1,·4 a '.493 "417 3'UO 

., 40 .,. 

I 
.. 3.3 ua 17.2 ' 0 , ,,141 394'0 U61l .4 40 ·106 
4 3,3 151 17 .• 0 • 80.'4., 1'401 ltoll 41 40 ·UI· 

I 



'·-1 
~I I 

I TABLE 4 XII 

OBSERVED AND REDUCED MAGNETIC 

I TOTAL FORCE DATA 

I 
LATlTUOE 
akQ Ifl~ 

LO~GIT:JOI· fl'l IESTI Kif' OBSE~YED REalaNA~ DIUR~AL IfO~" RUIDUAL' 
DfO Ifl .. rlELD FIELD rlhO FIeLD rlELD OAM_" DA""" ,A"'" GA""" GA""" 

1.1"1i 2. 

I 
• 3,3 • 3,3 • 3,3 • I, • • 3,. 

1~. lY.O U 6 0,000 lun 3UU 6 60 -UI 
13. &6.' 0 0.3 .. IVU2 39611 4 40 -U4 
U. 16.' 0 0.777 3"" 39UI I 40 -1'0 
UI LI.4 l.U' ,un 39614 I 40 -l" 
1'2 , •• a 1"51 39"0 3961' I 40 -l" 

• 3,. 
• 3,. 

I 
• 3,. 
• 3,' • 3.' • 3" • 3" • 3,' • 3.6 

I • 3.6 • 3.6 • 3.6 • 3.' • 307 • 3,7 .. 1.7 

I 
4 3.7 
4 3.7 • 3,. 
4 I.' • 3.' 

,U u.o l.94. ,U" 39U' • 40 -l" 
·lU . .,., I,Uo 39'" ItU, I 40 "I" 
"I U., I,JU 39'60 39616 I , 4O -137 
"2 U·3 1,107 39'" 39616 • .0 -1'3 
"2 "., I •• " 39"0 ' nU7 • .0 -I" 
"2 , •• 9 1.183 3t'3' nU7 • 40 -163, 
"2 •• " 4.27l ,UO, '9638 40 -191 ,,, , .. , · .... 0 39377 3963. '0 -221 
1'2 1 •• 3 ',048 39338 nl39 4O -a6, 
l'2 l'.l ','16 39S35 39619 40 -264 
"2 n.9 '.12' lun 396'0 .0 -166 
"2 .,.,. 1.'2U uno 396'0 4O -uo 
"2 U.' 6.60l 39311 nHl '0 -au 
1'2 u .i ""0 39210 3,." 40 -311 
"2 13.0 , • 7.176 392'0 396'2 40 -3'2' 
"2 U •• 0 7.166 392" '96'2 40 -307 
"2 12.6 • •• U, 392'0 39643 40 -313 
1'2 " •• 0 •• HI 3934a 396.3 40 -Ul, 
,'a ., •• • ,.Ul 39370 n644 .0 -234' 
". 12.0 • 9,no 3n90 39644 .0 -214 
"2 .t .• • ..701 39405 396., '0 -aoo 

• 3.' 

I 4 3.' 
4 3.' • 3.' 
4 3,' • 3.9 
• 3.9 

I 
4 3.9 
4 3,9 
• 1.9 • 3.9 • 1,9 
• 3.9 
4 3.9 

·1 • '.0 • 4.0 • 4,0 
4 '.0 • '" 

"2 tl •• L7 • 0.000 ,UU 396" '0 -200 
l'2 I.' 0.424 3UU 396'6 .0 -If 1. 
.,a U.I 0.04, lUll 396'6 '0 -U9 
"2 11.1 l.a7l 3U'0 396.7 '0 -"7 
,n lO.9 I •• " n'oo 39.47 '0 -l01 

'" 10.7 ,,"9 J"'. 39 ••• '0 "0 
1" 10 " . 2.543 ,9613 3964' .0 ." .'2 10.2 ,.967 0 39649 40 
"2 lO.O 1.190 0 39649 '0 
lS2 t.7 3.". 0 "650 '0 
lSI t.' '.IU 0 "651 40 
.52 '.1 .,66a 0 39651 4O 
lSI '.1 hO" 0 3965 a .0 
lSa ••• "'09 0 39652 ,'0 
lS2 ••• ,.tn 0 "653 .0 ' 
lS2 ••• •• 357 0 39653 4O 
152 •• t • •• 711 0 3965. 40 

'" 7.' • 7.'04 0 3965' .0 
15 •. 7.' 0 0 ,. ... I "." 40 

I -. 

I 
I 
I 
I 
I 
I 
I 
I 



= 
TABLE 4 XIII 

OBSERVED AND -REDUCED MAGNETIC 
~ATnUDf LDHatruDe ' TI~' lEU. .mTAL NBCihDATA DlijA~AL nORII, .111 DUAL' 
DEQ IIIN CEO ~IN 1- ,1 ·' " ::' :r . r. 'If'_D · '"\,0 

I •• ""Q& ' 0&""&0- ... ,ul· 

"'110' Dr 

I tD.o 191 ,~. D: 10 · 0.100 ' 0 nuu- -lD ." . 
3 .... 191 ., .. t • 0."" 0 ann · lI ' ·U: 

I 
I 09.6 lSI .. , • 0 O.Uf .0 UUl It·. if' a 09.a ,SI ,., o· 0 ••• H · 0 ,,,Ie U· U · 
I n., 192 '.0 I ' 0 1.661 0 Inu_ t" n 

. ~ n., 192 " .0- ,. -- a' '.oU· 0 "926 If' ·ro 
3 ".7 lSI . 6.' , - 0 '.101 0 ""f 20 -10 
I e." U" 6.9 8- -0 ' 

I - '.ne- 0 U'ZS' ro - -10 
I ".2 lSI 0.' • 0 I . S31 0 ,nil 20 20 
I e •• o 19. 6.' O· 0 

, 
I. n,· 0 ,n,.- '1- ro 

I 
f...; . 

I '7.8 U' 6.' 0 0 ~" 'f: ..... 0 3"" 21 U · 
- 3 H •• Ut- 6;" " - 0' .. ,.. nSio --,.", . - 21 ,,- '·'01" 3 67.0 U2 0.6 I · 0 9.oU U290 3",0 -22 U ·no 

3 . .7,t 19' 6.' 0:- 0 ' -.elO 3'"9 '''" U - -n o, ·190 . 
3 U.D 19' 6.6 0 0 9.137 . 39170 "'10 U. u - ·sn-
a ••• r 19' 6.9- ,- 0 -- '."0 U19' -,no.' u - 30- ·146· 

I 
3 ".5 '" 6.9 0 0 .. ." 3'U6 '"'' n 30 ·163: 
3 4 ••• ,n 6.0 1 - 0 7.188 39119- 3"09- 21 - JO - ·313; 
3 .'.0 ,;, 6.0 0 0 7.'0' 3"U 3"OS 21- JO .16 • . 
3 49.' 191 0." O' -- 0 7.ta ,9170 - '''0' - -- 24,- so - ·n,! .-
3 ., .. 192 0.' 0 0 1.13' S'207 "U. 24 n - ·21,: 
3 • '.4 ,n 0 •• 0 '- 0 ' . 7" " 'U7 "'" - 24 Sf- ·uo 
3 .,., ,n 6.' 0 0 ' .l 7a un. '''''' If n , ·13,· 

I 3 ".0 ,n ••• -, •. n. -"U7 '3"" 21- ,, ~ ·2U-
3 '4.' 19' 0.' O · '0.006 '9179 3 .. " 15: 3' -,ft,_ 
I .e . , '" 6 . 0 0 10.'n- HHe st •• a U· 40 ' ·202' 
~ ••• 3 ,n '.0 D 10. "0 st263 "te' It '0 ' ·211-
3 4.4 . 1 lU - g. , 0 n.I" ~u,,· st4l, lI· .0 ·IU· 
3 43,' ''Z 9.' 0 n.6H ~"" - "41' U '0 - ·116 ' 

I 
~ .~ .. 'U g. , 0 ".09\ ~91'0 39481 tt '0 - 130-
~ 43 •• '" 9 •• 0 n.H8 ~'21" 39012 Z7 .,- -u.: 
3 43;2 '92 9.' 0 11 . 1.2' 3'U' 3"'0 Z7 ". ·U7· 
3 43.0 '" '.7 0 tJ.141 sun S947. r7 " -2U' , ., .. ,n 9.7 0 U.,,. 3U" "H' Z8 ". -,,,. -
3 ., .. 'U 9.' D ,'.17' 3'23' 3.H. n· ., ·us. , 42.S -'" g •• ., 0 - I'.'" 3'250 3947S 21- 90 ·20" 

I 
~ 4a.l '" 9.' 0 0 " .. 00' 30Z.0 "'71 IV '0 ·U'-
3 4\.' 'U 9;' · . 0 1' . Ut 3'2U' n46. 2. 90 - ·U~: 
~ '1,1 ". 9.4 • 0 ".8'3 39278 "46' U '0 -,"-
3 tt •• "2 9.' I . 0 ".260 3'284 39466 u · '0 -Ul' 
~ 4, .1 "2 9 . 3 • 0 , •.• n "306 " ... 30 ,,- ' UZ. 
3 '\.0 ". 9.S • 0 ,7.'" 3'HO '94U SO ". -.,: 

I 
3 4\ .0 192 9.3 ' 0 ' 10 0.000 303'0 "U, 30 .". _I" ~ 

3 40 •• '92 9.S 0 ° 0.391 393'0 "460 30 " .,,: 
3 40.6 '52 9.3 O· 0 0.196 S0368 "'58 3,- " -It 
3 '0 • • 192 9.' ... 0 \.t" SUU ".H S, " -,,'. 
3 .n. t 15' 9.' I 0 1.993 30.P' ".,. 12 " -U· 
3 '9 • • "2 ' . 4 e 0 t. 991 394\0 39'" a 60 -H· 
3 Sf.7 '92 9.' e 0 2 . Sat 394\0 3"'0 )t 60 ·n: 

I 
, S'. , "2 9.e • 0 2 . 187 39391 " ... U to -U· 
3 39 . 3 I" .. , 0 0 3 . i89 '9370 "447 n 60 ·'0 
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TABLE 5 

SURVEY METHODS .USED TO FIX CO-ORDINATES OF SEISMIC ·RroORDING STATIONS 

STATION 

AU'UNA 

BOANG ISLAND 

DIOLENE 

FENI ISLAND 

KAMDARU 

KAVIENG 

LAMBOM ISLAND 

MANGA 

MATANAKUNAI 

NARUM 

NATAVA 

NISSAN ISLAND 

PAKIA 

PALMALMAL 

PONOO 

RAPOPO 

TOL (KARLAI) 

ULAMONA 

ULU ISLAND 

RABAUL OBS. 

t. 

METHOD OF SURVEY 

STAGE 1 

Star observations 

Identification on 1:50,000 series 

Compass and tape traverse 

Comp'ass and chain traverse 

Photo identification 

\ ' 

Theodolite and chain traverse from point identified 

on marine chart 

Photo identification 

Compass and chain traverse 

Sextant resections and compass bearings from Decca 

survey plan 

Photo identification 

Compass and chain traverse 

Theodolite and chain traverse 
i 

Star observations 

Photo identificationico-ordinatee scaled 

Compass and chain traverse from identified point on 

marine chart 

Theodolite resection and traverse 

Compass resection on military map 

Photo identification and compass and chain traverse 

Compass and chain traverse 

Value at Observatory adopted 
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STATION 

HAL 

SUL 

TAV 

VUL 

WAN 

C.R.A. 

HOSKINS 

KANDRIAN 

LINDENHAFEN 

TALASEA 

VITU IS '. 

BURMA ROAD 

KABANGA 

KOKOPO 

KURAKAKAUL 

I1ALAPAU 

~10UNT V ARZIN 

NONGA 

PRAED POINT 

RALUANA 

TAVUI 

VULCAN 

METHOD OF SURVEY 

Admin~stration value adopted 

Administration value adopted· 

Administr~tion value adopted 

Administration value adopted 

Administration val~~ adopted 

STAGE 2 

Photo identification; co-ordinates scaled 

Photo identification; co-ordinates scaled 

Star observation 

Co-ordinates scaled from Milinch and D.C.A. plan 

Photo identification; co-ordinates scaled 

Compass and chain traverse from photo identified 

point 

Photo identified; theodolite and stadia traverse 

Identified on military map; co-ordinates scaled 

STAGE 3 

Photo identified; co-ordinates scaled 

Administrat.ion value adopted 

Resection and theodolite and chain traverse 

Photo identified; co-ordinates scaled 

Identified on photo and t·jilinch series 

co-ordinates scaled 

Photo identified; co-ordinates scaled 

Identified on Milinch series; co-ordinates scaled 

Theodolite resection 

Theodolite resection 

Compass and chain traverse 

Resection ?l1d comI'ass and chain traverse 
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I STATION 1-1EI'HOD OF-SURVEY 

I 
-VUNAKAKAR Photo identified. - Co-ordinates scaled 

WATOM IS. Identified on Milinch series; co-ordinates scaled 

I - SONAR BUOYS - " Surveyed from the ship; co-ordinates scaled from plot 

I STAGE 4 

I KA8IARA (ATALIKLIKUN) Photo identified; compass and chain traverse 

I KILINWATA AdmInistration value adopted 

NORDUP Identified on Milinch series; co-ord~nates scaled 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology a Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969· 

MARINE SEISMIC "SPARKARR AY If SECTI,ON 
(ONE TO FOUR REDUCTION J 

TRAVERSE ./ (2/02 -230/) 

SHIP : M. V. CORAL QUEEN DATE : 28 March 1969 

EQUIPMENT 

Energy source: EGG. Sporker System 

Transducers : 

Receiving system: 

Hydrophones: 

EGG "Sparkarray" Model 267 - Three 
Geotech Hydrostreamer Cable model 24251 
Geospace M P 7 

Recorder: EG.G. Model 254 

RECORDING INFORMATION 

Source power : 

Firing interval : 
7000 waff- sec 
Approx 4 sec 

Hydrophone array: 26 M P 1 of ~m spacing 
Source - receiver distQnce : 190m 

Source depth: I ~ m 
Receiver depth : 

. (;) Pr'ocess 
Gam ( .. ) M k ' . II ar Ing 

Filters : 

3-4m 
ampl ifier: X 100 

amplifier': 10/0 
20-20 kHz 

Print ' mode: Positive 

Paper speed: Approx45cm/hr 
Ship Engine revs : . Approx. 1000 RPM 

Ship speed through water : Not recorded 

Ship speed over bottom Approx 13 km//Jr 

VERTICAL SCALE EXAGGERATION ~ 9 X 

REMARKS: 

lEased o n G449 - 19A) To accompany Record No 1971/131 
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Geophysical Branch, Bureau of Mineral Resources, 
Geoloqy 8 GeophysICs 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISMIC "SPARKARRAY" SECTION 
lONE TO FOUR REDUGTIGN) 

TRAVERSE 2 (0220-0727) 

SHIP' M V. CORAL QUEEN DA T E' 29 March 1969 

EQUIPMENT 

EGG Sparker System Energy source' 

Transducers: 

Receiving system' 
Hydrophones' 

Recorder' 

EGG. "Sparkarray" Model 267 - Three 

Geotech Hydrostreamer Cable model 24257 

Geospace MP 7 

EGG Model 254 

RECORDING INFORMATION 

Source power' 7000 watt-sec 
Firing mterval' Approx 4sec 

Hydrophone array' 26 MP7 at Y':!m spacmq 

Source - receiver distance' 190m 

Sou rce depth' I ;,;, m 
Receiver depth' Approx 3-4m 

(i) Process amplifier' X 100 
Gam ( .. ) M /0/0 " orklng amplifier' /, 

Filters' 20-20 kHz 
Print mode: 

Paper speed' 

Positive 
Approx 55 cm//Jr 

Ship Engine revs' Approx. 1000 RPM 

Ship speed through water' Not recarded 
Shi p speed over bottom Approx 13 km//Jr 

VERTICAL SCALE EXAGGERATION ~ 9 x 

REMARKS' 

r"a",erl '-"\ G449 19A) To accompany Record NoI9?1/131 
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Geophysical Branch, Bureau of , Mineral Resources, 
Geology 8 Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISMIC .. SPARKARR AY" SECTION 
(ONE TO FOUR REDUCTION) 

TRAVERSE 3 (1138 - 1250) 

SHIP : M V. CORAL QUEEN DATE : 29 March. /969 

EQUIPMENT 

Energy Source : EGG Sparker System 

Transducers: 

Receiving System: 

Hydrophones: 

EG.G "Sparkorray 1/ Model 267 - Three 
Geotech Hydrostreamer Cable Model 24251 

Geospace M P 7 

Recorder: EGG, Mode/ 254 

RECORDING INFORMATION 

Source Power: 

Firing Interval : 

7000 watt-sec. 
Approx. 4 sec. 

Hydrophone Array : 26 MP7 at ~m spacing 
Source - Receiver Distance: 190m 

Source Depth: I ~ m 
Receiver Depth: Approx. 3-4m 

, (i) Proces:3 4mplifier : XIOO 
Gain (" ) M k ' A I ' f ' /0' /0 II arlng ' mpller: /' 

Filters : 20- 20 kHz 
Print Mode: Positive 

Paper Speed: Approx. 50 em / hr 
Ship Engine Revs: Approx, 1000 RPM 

Ship Speed through Water: Not Recorded 
I 

Shi p Speed over Bottom Approx 13 km/hr 

HORIZONTAL : VERTICAL SCALE"" 9: / 

REMARKS: Sparkarray . broke away 

from towing rig 

If.nsed 001 G449 - 19A) To accompany Record No /97///3/ 
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r-
I Geophysical Branch, BlJrealJ of Mineral ResolJrces, 

Geology IX GeophysIcs 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISMIC "SPARKARRAY" SECTION 
(ONE TO FOUR REDUCTIGN) 

TRAVERSE 4 (/544-:2/05) 

SHIP' M V CORAL QUEEN DATE' 6 April 1969 

EQUIPMENT 

EGG Sparker System Energy source' 

Transducers: 
II '/1 

EGG. Sparkarray Model 267 - Three 

Receiving system: 

Hydrophones' 
Recorder; 

Geo/ech Hydras/reamer Cable model 24257 

Geospace MP 7 
EGG Model 254 

RECORDING INFORMATION 

Source power: 
Firing interval: 

Hydrophone array' 

7000watt.sec 
Approx. 4 sec 
26 MP7 a/ i'2m 

Source - receiver distQnce: 190m 

Source depth' ·/~m 
Rec~iver depth, 

. (i) Process 
Gain . 

(II) Marking 

Filters' 

Approx. 3-4m 
amplifier' x 100 
amplifier' x 8/0 

20-20 kHz 
Print mode· Positive 
Paper speed' APprox.55cm/hr 
Ship Engine revs' Approx 1000 RPM 

Ship speed through water' Nol recorded 

Shi p speed over bottom Approx 13 km/hr 

VERTICAL SCALE EXAGGERATION:::: 9 x 

REMARKS' 

(f,ilSfld un G449 19AI To Accompany Record No 1971/131 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology 8 Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISMIC" SPAR.KARRAY" SECTION 
(ONE TO FOUR . REDUCTION) 

TRAVERSE 5(2017-2400) 

SHIP: M. V CORAL QUEEN OAT E: 7 April /969 

EQUIPMENT 

Energy source: EGG Sparker System 

Transducers: 
Receiving system : 

Hydrophones: 

EG.G. "Sparkarray" Model 267 - Three 
Geotech Hydrosfreamer Coble mo.del 24251 

Geospace M P 7 

Recorder : EGG. Model 254 

RECORDI NG INFORMAT I ON 

Source power : 

Firin,g interval : 
70QO waft-sec 
Approx 4 sec 

Hydrophone arra·y : 
Source - receiver distance : 

26 MP? at ~m spacing 
190m 

Source depth : 

Receiver depth: 

. (i) Process 
Gain (" ) M k ' II ar Ing 

Filters: 

IYpm 
Approx. 3-4m 

amplifier X/OO 
amplifier : /0/0 

20-20 kHz 
Print mode : Positive 
Paper speed: Approx 55cm/hr 
Ship Engine revs: . Approx. 1000 RPM 
Ship speed through water: Not recorded 
Ship speed over bottom Approx 13 km/hr 

VERTICAL SCALE EXAGGERATION s:: 9 X 

REMARKS: Sparker pOl¥er supply 

failure 2340. 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology 8 GeophysIcs 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

(O~~ TO FOUR :;>E,)UCTI(.N) 

TRAVERSE 687(0852-1400) 

SHIP MV CORAL QUEEN DATE' 10 April 1969 

EQUIPMENT 

EGG Sparker Syslem Energy source 

Transducers: 

Receiving system: 

Hydrophones' 

Recorder' 

EGG. "Sparkarray" Model 267 - Three 

Geolech Hydroslreamer Cable model 24257 

Geospace MP 7 

EGG Model 254 

RECORDI NG INFORMAT ION 

Source power 

Firing Interval: 

Hydrophone array' 

1000 walt-sec 

Approx 4sec 

Source - receiver distance: 

26 MP7 01 ~m 
190m 

Source depth' 

Receiver depth, 

(i) Process 
Garn 

(Ii) Marking 

Fi Iters· 

Print mode' 

Paper speed· 

Ship Engrne revs· 

I~m 
Approx 5-6m 

amplifier' xlOO 

amplifier· 9/0 

20-20 kHz 

POSJ/lve 

Ship speed through WJter· 

Ship speed over bottom 

Approx 55cm/hr 
Approx. 1000 RPM 

Nol recorded 

Approx. 13 km/hr 

VERTICAL SCALE EXAGGERATION::: 9 , 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology 8 Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISMIC "SPARKARRAY" SECTION 
(ONE TO FOUR REOUCTICN) 

TRAVERSE 8 ( 1400-201 / ) 

SH IP' M V CORAL QUEEN OAT E ' iC! April 1969 

EQUIPMENT 

Energy source: EGG Sparker System 

Trcnsducers: 

Receiving system; 
Hydrophones: 

EGG "Sparkorroy II Model 267 - Three 
Gealech Hydraslreamer Cable model 24257. 

Geospace M P 7 

Recorder; EGG Model 254 

RECORDING INFORMATION 

Source power: 
Firing interval: 

7000 wall-sec 
Approx 4 sec 

Hydrophone array; 26 MP7 01 !/;.m spacing 
Source - receiver distance: 190m 

Source depth; 

Receiver depth: 
(i) Process 

Gain ( .. ) M II arkJng 

Filters; 

Print mode: 

Paper speed; 
Ship Engine revs: 

112m 
Apprax. 3-4m 

amplifier: x/OO 

amplifier' 9/0 

20-20 kHz 
PositIve 

Ship speed through water' 

Ship speed over bottom 

Approx 55cm/hr 
Approx 1000 RPM 

Not recorded 

Approx 13 Irm/nr 

VERTICAL SCALE EXAGGERATION - 9 x 

REMARKS 

,f.ISt",i un G449 19£1.1 To Accompany Record No 1971/131 
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Ceopliyslco/ Bronch, Bureau of MineraI RE'solJrocs, 

Ge%gy 8 GeophysIcs 

NEW BRITAIN C~USTCl.L INVESTIGATION, 19C9 

MARINE SEISMIC "SPARKARRAY" SECTION 

TRAVERSE 10 (0000 - 0700) 

SHIP· M V CORAL QUEEN DATE 13 April 1969 

EQUIPMENT 

EGG Sparker System Energy source­

Transducers: 

Receiving system: 

Hydrophones' 

Recorder. 

EGG. "Sparkarroy" Model 267 - Three 

Geolech Hydrostreomer Coble model 24257 

Geo5poce MP 7 

Ee G Model 254 

RECORDING INFORMATION 
- ------ -- --

Source power: 

Firing Interval: 

Hydrophone orray: 

7000 wa~t-sec 
Approx 4 sec 
26 MP7 at ~m spocmq 

Source - receiver distance - 190m 

Sourct'~ depth: 

Receiver depth: 

(;) Process 
GOln , 

(II) Morkll:g 

Fi Iters: 

Print mode: 

Paper speed: 

Ship Engine revs: 

I !;, m 
Approx. 3-4m 

amplIfier: xlOO 

amplifier: 8/0 

20-20 kHz 
PosItIve 

Ship speed through water: 

Appro,( 55cm/ hr 
Approx, 1000 RPM 
Nol recorded 

Approx 13 km/hr Shi p speed over bottom 

VERTICAL SCALE EXAGGERATION ~ 9 x 

REMARKS: 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology a Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISMIC "SPARKARRAY" SECTION 
(ON E TO FOUR REDUCTION) 

TRAVERSE II (1107 - 1500) 

SHIP: MV CORAL QUEEN DATE: 13 April 1969 

EQUIPMENT 

Energy source: EGG Sparker System 

Transducers: 

Receiving system: 

Hydrophones: 

EGG "Sparkarray II Model 267 - Three 
Geotech Hydrostreamer Cable Model 24257 

Geospace M P 7 
Recorder: EG.G. Model 254 

RECORDING INFORMATION 

Source power: 
Firing interval: 

Hydrophone array: 

7000 watt-sec 
Approx 4 sec 

26 MP7 at !12m 
Source - receiver distance: 190m 

Source depth; l;,pm 
Receiver depth: Approx, 4-5m 

. (il Process amplifier: x 10 
Gam (iil Marking amplifier: 8/0 

Filters: 20-20 kH;: 
Print made: Positive 

Paper speed: Approx, 55 m/h 
Ship engine revs: Approx. /000 RPM 
Ship speed through water: Not recorded 
Shi p speed over bottom Approx 13 km/hr 

HORIZONTAL: VERTICAL SCALE ... 9:/ 

REMARKS: 

Gains frequently adjusted between 

1320 and 1445 

(Eased on G449 -19A) 
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Geophysical Branch, Bureau of Mlnerol Resources, 
Geology 8 Geophysics 

NEW BRITAIr-.; CRUSTAL INVESTIGATION, 1969 

MARINE_SEJSM rC".SPAB~.ARR AY" SECT ION 
(ONE TO FOuR REDUCTIUJ) 

TRAVERSE 12(2020 -0045) 

SHIP' M V. CORAL QUEEN DATE' 14 April 1969 

EQU IPM E NT 

EGG Sparker System Energy source· 

Transducers: 

Receiving system' 

Hydrophones' 

Recorde r· 

EGG. "Sparkarroy" Model 267· Three 

Geotech Hydrostreomer Coble model 24257 

Geospace MP 7 
EGG Model 254 

RECORDI NG INFORMAT I ON 

Source power' 7000 walt-sec 

Firing Interval' 

Hydrophone array' 

Approx. 4 sec 
26 MP 7 at ~ m spacing 

Source· receiver distance' 190m 

Source depth' 

Receiver depth' 
(i) Process 

Gain 
(II) Marking 

Filters' 

Print mode' 

ampl il,er. 

amplifier' 

112 m 

Approx. 3-4m 

xlOO 
7/0 

20-20 kHz 
Positive 

Po per speed' Approx. 55 em/lir 
Ship Engine revs. Approx 1000 RPM 

Ship speed through water' Not recorded 

Ship speed over_ bottom Approx 13 km/hr 

VERTICAL SCALE EXAGGERATION:::: 9 x 
LOCATION DIAGRAM 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology a GeophysIcs 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINEllEISMIC "SPARKARRAY" SECTION 
(ONE TO FOUR REDUCTION) 

TRAVERSE 13 (0908-1308) 

SHIP: M V CORAL QUEEN DATE, 14 April 1969 

EQUIPMENT 

Energy source: 

Transducers' 
Receiving system: 
Hydrophones: 

Recorder: 

E.G.G Sparker System 

E.G.G. "Sparkarray" Model 267 - Three 

Geotech Hydros/reamer Cable model 24257 
Geospace MP 7 
EG_G_ Model 254 

RECORDING INFORMATION 

Source power: 
Firing interval: 
Hydrophane array: 

7000 wall-sec 
Approx. 4sec 

26 MP7 of ~m spacing 
Source - receiver distance: 190m 

I~m Source depth: 

Receiver depth: 
_ (i) Process 

Gain (--) M k· II or Ing 

Filters: 

Approx. 3-4m 

amplifier: xlOO 

amplifier: 9/0 

20-20 kHz 
Print mode: Positive 

Paper speed: Approx. 55cm/hr 

Ship Engine revs: Approx. 1000 RPM 

Ship speed through water: Not recorded 

Shi p speed over bottom Approx 13 km/hr 

VERTICAL SCALE EXAGGERATION:::::: 9 x 
LOCATION DIAGRAM 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology a Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISMIC "SPARKARRAY" SECTION 
(ONE TO FOUR REDUCTION) 

TRAVERSE /4 (2042- 0020) 

SHIP: M V. CORAL QUEEN DATE: 15 April 1969 

EQUIPMENT 

Energy source: 

Transducers: 
Receiving system: 
Hydrophones: 

Recorder: 

EG.G. Sparker System 

EG.G. "Sparkarray II Model 267 - Three ' 

Geotech Hy'drostreamer Cable model 24257 
Geospace M P 7 
EG.G. Model 254 

I, 0 

A 
2042 

B 
2050 

C 
0020 

RECORDING INFORMATION 1000~----+-----------------------------------------------------------~ 1000 

Source power: 7000 watt-sec 
Firing interval: Approx, 4 sec 
Hydrophone array: 

Source - receiver distance: 
26 MP7 at ~m spacing 
190m 

Sou rce depth: 

Receiver depth: 
, (il Process' 

Gain (") M k' II or InQ 

Filters: 

IYzm 
Approx, 

amplifier: XIOO 

amplifier: X /0/0 

20-20 
Print mode: , Positive 

3-4m 

kHz 

Paper speed: Approx 55 cm/hr 
Ship Engine revs: Approx' 1000 RPM 

Ship speep through water: Not recorded 

Shi p speed over bottom Approx 13 km/hr 

VERTICAL SCALE EXAGGERATION ~ 9 x 

REMARKS: 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology 8 Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARJlJE ~~ISM~"SPARKARRAY 11 SECTION 
(ONE TO FOUR REDUCTICN) 

TRAVERSE 15(0948-1500) 

SHIP' M V CORAL OUEEN DATE, 16 April /969 

EQU IPM ENT 

EGG Sparker System Energy source' 

Transducers' 

Receiving system' 

Hydrophones' 

Recorder' 

EGG. "Sparkarray II Model 267 - Three 
Geotech Hydrostreamer Cable model 24257 
Geospace M P 7 
EGG Model 254 

RECORDING INFORMAT'ION 

Source power' 

Firing interval' 

Hydrophone array' 

7000 waff - sec 

Approx. 4 sec 

Source - receiver distance' 

Sou rce depth' 

26 MP7 of ~m 
190m 

/f1,m 
Receiver depth; 

_ (i) Process 
Gain ('") M k II or In';) 

Filters; 

Approx.3-4m 
amplifier; x 100 

amplifier' 10/0 

20-20 kHz 
Print mode; Positive 

Paper speed' Approx.55cm/hr 
Ship Engine revs' Approx. 1000 RPM 

Ship speed through water' Not recorded 
Shi p speed over bottom Approx /3 km/hr 

spoCing 

VERTICAL SCALE EXAGGERATION ~ 9 x 
LOCATION DIAGRAM 

REMARKS; U. /. bl . nreJia e 'rtggerlng of 

I/Sparkarray 11 from {020 

fa 1400. Repairs carried 

Ollt. 

(Sased on G449-19A-l) To accomoany Record No 1971/131 

8 
o 

BismarCk Sea 

NEW 

---~ 
\ 

BRITAIN 

A 

094B 
00 SEA LEVEL 

(J) o 5 

~ 
c::> 500 

~ (J) 

V) lI,) 

e: 
~ 

10 

~ 
~ 

1000 

~ 

~ 
I 5- Q.. 

lI,) 

i=::: 
C;) 

20 

8 

1000 

-"r-.' "" .• 

iii 

C 

1030 

T 
'I' 

, lI-t· 

0 

1100 

\ 

L 

E F G 
1113 1240 1300 

SPARKER PROFILE 

11 ~l, 
·~-f 

'; L 

......:~; I 

H 

1330 

J K PLATE 
1400 1430 1500 

SEA LEVEL 0-0 

, 
I 

'05 

(J) (J) 
lI,) C;) 

500 e: ~ 
Cl 

~ ~ 
-~---- ----- (J) 

10 

=<: =<: ...... ...... 

~~~~---------+------~~~~~~~-+~~~--+-~~--~---+IOOO 

------'" 
\ ----=:::::-.::--~~~::.~::=-. 
I ___ ?--____ ----.k , , , 

1·5 

I----L 1500 
20 

B55/810-9 

29 



Geophysical Branch, Bureau of Mineral Resources, 
Geology 8 Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISMIC "SPARKARRAY" SECTION 
I ONE TO FOUR REDUCTION I 

TRAVERSE 16 (0920-1430) 

SHIP' M. V. CORAL QUEEN DATE' 20 April 1969 

EQUIPMENT 

Energy source' 

Tro nsducers' 
Receiving system' 
Hydrophones' 

Recorder' 

EG.G Sparker System 

EGG. "Sparkarray" Model 267 - Three 
Geatech Hydrastreamer Coble model 24257 
Geaspace MP7 
EGG Model 254 

RECORDING INFORMATION 

Source power' 7000 watt-sec 
Firing interval' Appro x, 4 sec 
Hydrophone array' 26 MP7 at ~m spacinq 
Source - receiver distance' 190m 
Source depth' I f1,m 
Receiver depth' Apprax. 3-4m 

, (i) Process amplifier' x 100 
Gam (.') M k' I'f' 9/0 liar 109 amp I ler: 

Filters' ,20-20 kHz 
Print mode' Positive 

Paper speed' ApproK,55cm/hr 
Ship Engine revs: Approx, 1000 RPM 

Ship speed through water' Not recorded 
Ship speed over bollom Approx 13 km//lr LOCATION 

151 0 

VERTICAL SCALE EXAGGERATION:::: 9 x 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology 8 Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISM IC .. SPAR KARR AY" SECTION 
(ONE TO FOUR REOUCTI GN ) 

TRAVERSE /9 (/725-/853) 

SHIP : M V CORAL QUEEN OAT E : 28 April 1969 

EQU IPMENT 

Energy source : EGG Sporker System 

Transducers: 

Rece iving system : 

Hyd rophones : 

EGG "Sparkarray" Model 267 - Three 

Geotech Hydrostreamer Cable model 24257 

Geospace M P 7 
Recorder ; EGG Model 254 

RECORDI NG INFORMAT ION 

Source power : 

Firing interval : 

7000 woft-sec 

Approx. 4 sec 
. Hydrophone array : 

Source - receiver distance : 
26 MP 7 at ~m ' spacing 
190m 

Sou rce depth : 

Receiver depth : 

. (i) Process 
Gain .. 

(II) Marking 

Filters : 

I~m 
Approx. 3-4m 

ampl ifier : x 100 

amplifier : 6/0 

20-20 kHz 
Print mode : Positive 

Pa per · speed: Approx. 55 cm/llr 
Ship Engine revs : Approx 1000 RPM 

Sh ip speed through water : Not recorded 

Shi p speed over bottom Approx 13 km/hr 

VERTICAL SCALE EXAGGERATION ~ 9 )( 

REMARKS : Record damaged by wofer 

If.ns erl •. ,,, G449 19AI To accompany Reco r d No /97///3/ 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology 8 Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISMIC "SPARKARRAY" SECTION 
lONE TO FOUR REDUCTICN I 

TRAVERSE 21 0108- 1450) 

SHIP' M.v. CORAL QUEEN DAT~' 9 May 1969 

EQUIPMENT 

Energy source; EGG Sparker System 

Transducers' EGG. "Sparkarray" Model 267 - Three 
Receiving system' Geolech Hydrosfreamer Coble model 24257 
Hydrophones' Geospace MP 7 
Recorder' EG G. Model 254 

RECORDING INFORMATION 

Source power; 

Firing interval' 

Hydrophone array' 
Source - receiver distance; 

Source depth' 

7000 waft-sec 

Approx. 4sec 
26 MP7 at ~m 
190m 

IY;,m 
Receiver depth' 

(i) Process 
Gain ( .. ) M k 

Approx. 5-6m 
amplifier' x. /0 

" or Ing amplifier' 8/0 
Filters' 20-20 kHz 
Print mode' Poslfive 
Paper speed, Approx. 55cm/hr 

spacing 

Ship Engine revs' Approx /000 RPM LOCATION DIAGRAM 

Ship speed ·through water. Not recorded 152',0"[ 

Shi p speed over bottom Approx. /3 km/hr 

VERTICAL SCALE EXAGGERATION ~ 9 x 

REMARKS' 

(F",;\,d on G449 19l1.1 To accompany Recorri No 1971/131 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology a Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISMIC "SPARKARRAY" SECTION 
(ONE TO FOUR REDUCTICN) 

TRAVERSE 21 (1450 -1935) 

SHIP' M II CORAL QUEEN DATE' 9 May 1969 

EQU IPM ENT 

Energy source: E.GG. Sparker System 

Tro nsducer s: 

Receiying system: 

Hydrophones: 

EGG "Sparkorray 1/ Model 267 - Three 

Geotech Hydrostreamer Coble model 24257 

Geospace MP 7 

Recorder: EG G Model 254 

RECORDING INFORMATION 

Source power: 
Firing interval: 

---

7000 waft-sec 

Approx, 4sec 
Hydrophone array: 26 MP7 of 0m spacing 
Source - receiver 

Source depth: 
-t----R"ece-iv-er depth:-­

(i) Process 
Gain 

(ii) Marking 

Filters: 

distance: 190m 

ampl ifier: 

amplifier: 

If-2m 
Ajjprox~--5-6m 

x 10 

8/0 
20-20 kHz 

Print mode: PosItive 

Paper speed: Approx. 55 cm/hr 
Ship Engine revs: Approx. 1000 RPM 

Ship speed through woter: Not recorded 
Ship speed over bottom Approx 13 km/hr 

VERTICAL SCALE EXAGGERATION ~ 9 x 

REMARKS' 

1E",;~<i on G449 19AI To accomDony Record Nc; 1971/131 

LOCATION 
152"00'[ 
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r , 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE S_EJ1>MIC "SPARKARRAY" SECTION 
(ONE TO FOUR REDUCTION) 

TRAVERSE 22 (0655 - 1200) 

SHIP: M V. CORAL QUEEN DATE, /0 May 1969 

EQUIPMENT 

Energy source: 

Transducers; 

Receiving system: 
Hydrophones: 

Recorder; 

EG.G. Sparker System 

EGG. "Sparkarroy" Model 267 - Three 

Geotech Hydras/reamer Coble Model 24257 
Geospoce MP 7 

EG.G. Model 254 

RECORDING INFORMATION 

Source power: 

Firing interval: 
7000 wall-sec (5000woff-sec 0958-1022) 
Approx 4 sec 

Hydrophone array: 26 MP? of %?m spaCing 
Source - receIver 

Source depth: 

Receiver depth: 

G (i) Process 
aln __ 

(II) Marking 

Filters: 

distance: 190m 
jYpm 
Approx. 3-4 m 

amplifier; x /0 

amplifier' 8/0 

20-20 kHz 
Print mode: Positive 
Paper speed: Approx. 55cm/hr 
Ship engine revs: Approx. 1000 RPM 
Ship speed ttlrough water: Not recorded 
Shi p speed over bottom Approx /3 km/hr 

VERTICAL SCALE EXAGGERATION ~ 9, 

REMARKS' 

IBased 0" G449 19A1 To Record No 1971/131 

LOCATION DIAGRAM 
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Geophysical Branch, Bureau of Mineral 
Geolo!ly a Geophysics 

Resources, 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISMIC "SPARKARRAY" SECTION 
(ONE TO FOUR REDUCTION I 

TRAVERSE 23 (0650 -/032) 

SHIP' MV CORAL QUEEN DATE' II May 1969 

EQUIPMENT 

Energy source: 

Transducers: 

Receiving system' 

Hydrophones' 

Recorder' 

EG.G. Sparker System 

EGG. "Sparkarray" Model 267 - Three 
Geotech Hydrostreamer Cable model 24257 

Geospace MP 7 
EGG. Model 254 

RECORDING INFORMATION 

Source power' 

Firing interval· 
Hydrophone array' 

7000 wafl-sec 5000 waft-sec (0958-1022) 
Approx. 4sec 
26 MP7 al !/em spacin!l 

Source - receiver distance' 190m 

Source depth' I ~ m 
Receiver depth' 

. (i) process 
Gam (") M k' II or mg 

Filters· 

Approx. 3-4m 
a mpl ifier' x 10 

amplifier' 8/0 
20-20 kHz 

Print c ode' Positive 
Paper speed' Approx. 55 cm/hr 
Ship engine revs' Approx. 1000 RPM LOCATION 

Ship speed through Water' Not recorded 

Shi p speed over Bottom Approx. /3 km/hr 

VERTICAL SCALE EXAGGERATION .~ 9 X 

REMARKS' 

I S<lsed On G449 19A) To accompany Record No /97///3/ 
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Geophysical Branch, Bureau of Mineral 
Geology a Geophysics 

Resources, 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISMIC "SPARKARRAY" SECTION 
(ONE TO FOUR REDUCTION) 

TRAVERSE 23 (/032-/505) 
• 

SH IP, M. V CORAL QUEEN DATE' II May 1969 

EQUIPMENT 

Energy Source: EGG Sparker System 

Transducers: 
Receiving System: 

Hyd rophones' 
Recorder; 

EGG. "Sparkarray II Model 267 - Three 
Geofech Hydras/reamer Cable Model 24257 

Geospace MP 7 
EGG. Model 254 

RECORDING INFORMATION 

Source power: 7000 watt-sec 

Firing interval: Approx. 4 sec 
Hydrophone array: 26 MP7 at 0?m spacing 

Source - receiver distance; 190m 

Source depth' I~m 
Receiver depth' Approx. 3-4m 

(i) Praces;; amplifier: xlO 
Gain 

(iiJ Marking _ amplifier' 8/0 

Filfers: 20-20 kHz 
Print mode; Posilive 
Paper speed' Appro)(. 55cm/hr 
Ship engine Revs' Approx. 1000 RPM LOCATION DIAGRAM 

Ship speed through wafer: Not Recorded '52°oo',E 

Shi p speed over bottom Approl( 13 km/hr 

. VERTICAL SCALE EXAGGERATION'" 9. 

REMAR KS' 

rE<l~ed V" G449-19A) To accompony Record No 1971/13! 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology a Geophysics 

NEW BRITAIN CRUSTAL INVESTiGATION, 1969 

MARINE SEISMIC "SPARKARRAY" SECTION 
(ONE TO FOUR REDUCTION) 

TRAVERSE 23 (/505-1820) 

SHIP, M. V. CORAL QUEEN DATE' /I May 1969 

EQUIPMENT 

EG.G Sparker System Energy source' 

Transducers' 
Receiving system' 

Hydrophones' 
Recorder' 

EGG. "Sparkarray" Model 261- Three 
Geofech Hydrostreamer Cable Model 24251 
Geospace MP 1 
EGG. Model 254 

RECORDI NG INFORMATION 

Source power' 
Firing interval' 

Hydrophone array' 
Source - receiver distance' 

Source depth' 

Receiver dept h' 

1000 waft-sec 

Approx. 4 sec 
26 MP7 af Vzm 
190m 

I~m 
Approx. 1-8m 

spacing 

. (il Process 
Gam (iil Marking 

amplifier' xlO xIOOja 1648 
amplifier' 8/0 x6/0 f 

xlO I 
x 8/0/ot 1237 

Filters' 20-20 kHz 
Print mode' Positive 
Paper speed' Approx. 55cm/hr 
Ship engine revs' Approx. 1000 RPM 
Ship speed through water' Not recorded 
Shi p s peed over bottom Approx 13 km/hr 

VERTICAL SCALE EXAGGERATION ~ 9x 

REMARKS' 

LOCATION DIAGRAM 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology 8 Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARIJiL~E1SM1C"SPARKARRAY" SECTION 
(ONE TO FOUR REDUCTIGN) 

TRAVERSE 24 (0902 - 1243) 

SHIP' M V. CORAL QUEEN DATE, 12 May 1969 

EQUIPMENT 

Energy source 

Transducers' 
Receiving system: 

Hydropnones' 
Recorder: 

EG.G Sparker System 
/I If 127Th EGG. Sparkarray Mode 6 - fee 

Geotech Hydrostreamer Cable model 24257 

Geospace MP 7 

EG.G Model 254 

RECORDING INFORMATION 

Source power' 

Firing interval: 

7000 watt-sec 

ApprO!c 4 sec 
Hydrophone array' 26 MP7 at '/zm spacing 
Source - receiver distonce' 190m 
Source depth: I ~m 
Receiver dept h: 

(i) Process 
Gain (") M k II Or Ing 

Filters' 

Approx. 3-4m 
. amplifier: x 10 

amplifier: 8/0 

20-20 kHz 
Prj nt mode: Positive 

Paper speed: Approx. 55cm/hr 
Ship Engine revs' Approx. 1000 RPM LOCATION DIAGRAM 

Ship speed through water: Not recorded 

Shi p speed over bottom Approx 8 km/hr 

VERTICAL SCALE EXAGGERATION ~ 9 X 

REMARKS' Heavy choppy sea. 
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Geophysical Branch, Bureau of Mineral 
GeoJoqy 8 GeophysIcs 

Resources, 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

/,lARINE SE[SMIC "SPARKAjLRAY" SECTION 
(O~E TD fDUR RED.JCTI(N: 

TRAVERSE 24 (/243 -/823) 

SHIP: M V CORAL QUEEN DATE: 12 May 1969 

EQUIPMENT 

Energy source: EGG Sparker System 

Transducers' EGG "Sparkorray" Madel 267- Three 

Receiving system' Geotech Hydrostreamer Coble model 24257 

Hydrophones: Geaspace MP 7 

Recorder· EGG Model 254 

RECORDING INFORMATION 

Source power: 
Firing Interval: 

7000 waft-sec 

ApprOK. 4sec 
Hydrophone array: 26 MP? at !/.em spacing 
Sourt:e - receiver distance 190m 

Source depth. 

Receiver depth: 

(i) Process 
Gain ("l Malklng 

Filters: 

Print mode: 

Paper speed .. 
Ship Engine revs' 

I~m 
Approx. 3-4m 

amplifier: x 10 

amplifier: 8/0 
20-20 kHz 
PositIve 

Ship speed through w:Jter: 

Approx. 55 em/llr 
Approx 1000 RPM 

Not recorded 

Approx 13 km/llr Ship speed over bottom 

VERTICAL SCALE EXAGGERATION'"'" 9 x 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology a Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION; 1969 

MARINE SEISMIC "SPAR KARR AY" SECT ION 
( ONE TO FOUR REDUCTION) 

TRAVERSE 25(0810-0910) 

SHIP: M V. CORAL QUEEN DATE: 13 May 1969 

EQUIPMENT 

Energy source: EGG Sparker System 

Transducers: 

Receiving system: 

Hydrophones: 

EG.G "Sparkarray" Model 267 - Three 
Geotech Hydrostreamer Coble model 24257 
Geospace M P 1 

Recorder: EGG. Model 254 

RECORDI NG INFORMAT I ON 

. Source power: 7000 watt-sec 

Approx. 4sec Firing interval:· 

Hydrophone array: 26 ·MP 7 at ~ m spacing 
Source - receiver distonce: /90m 

Sou rce depth: 

Receiver depth: 

. (i) Process 
GOin ('") M k· II ar Ing 

Filters' 

I~m 
Approx. 5-6m 

amplifier: x 10 

amplifier: 8/0 
20-20 kHz 

Print mode: Positi"ve 

paper sp"eed: Approx. 55cm/hr 
Ship· Engine revs: Approx. 1000 RPM 

Ship speed through water: Not recorded 

Shi p speed over bottom Approx 13 km/hr 

VERTICAL SCALE EXAGGERATION ~ 9 x 

REMARKS: Power supply fa/lure at 0910 

Ir.nseo on G449 19A} To accompany Record No .. 1971/131 
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NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINE SEISML~SPARKARRAY" SECTION 
(ONE: TO FOUR REOUCTIGN) 

TRAVERSE 26 (0918 -1405) 

SHIP' M V CORJiL QUEEN DATE' 14 May 1969 

EQUIPMENT 

Energy source: EG.G Sparker System 

Transducers: 

Receiving system: 
Hydrophones: 

£GG. "Sparkarray" Mode/ 267 - Three 
Geotech Hydrostreamer Coble model 24257 
Geospace M P 7 

Recorder; EGG Model 254 

RECORDING INFORMATION --- ------

Source power: 

Firing Interval: 
7000 watt-sec 
Approx. 4 sec 

Hydrophone array: 
Source - receiver distQnce: 

26 MP? af ~m spacing 
190m 

Source depth: 

Receiver depth: 

{i} Process amplifier: 
Gain .. 

(II) Marking amplifier: 

Fil1ers: 

i ~m 
Appro.x. 
xlO 

8/0 

5-6m 

20-20 kHz 
Print mode: Posilive 
Paper speed; Approx. 55cm/hr 
Ship Engine revs: Approx 1000 RPM 

Ship speed through water: Nol recorded 

Ship speed over bottom Approx 13 km/hr 
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Geology " GeophysIcs 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARm~_SEIS MIC_"SPARKARRAY" SECTION 
(ONE TO FOUR REDuCTICN) 

TRAVERSE 27 (0640-/105) 

SHIP, M. V CORAL QUEEN . DATE, 15 May 1969 

EQUIPMENT 

Energy 50urce: EG G Sparker System 

Transducers: 

Receiving system: 

Hydrophones' 

Recorder· 

EGG. "Sparkarray" Model 267 - Three 
Geotech Hydrostreamer Cable model 24251 
Geospoce M P 1 
EGG Model 254 

RECORDING INFORMATION 

Source power: 

Firing interval' 

Hydrophone array: 
Source - receiver distance: 

Sou rce depth' 
Receiver depth: 

{i) Process amplifier: 
G01n ,. 

{II) Marking amplifier: 

Filters; 

7000 watt-sec 
Approx. 4 sec 

26 MP1 at y'>m 
190m 

I~m 
Approx. 4-5m 
x 10 

8/0 
20-20 kHz 

Print mode: PosJllve 

Paper speed' Approx. 55cm/hr 
Ship Engine revs' Approx 1000 RPM 

Ship speed through water' Not recorded 

Ship speed over bottom Approx 13 km/hr 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology a Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969. 

MARINE SEISMIC "SPARKARRAY" SECTION 
(ONE TO FOUR REDUCTION) 

TRAVERSE 27 (//05 - /6/0) 

SHIP' II( V. CORAL QUEEN DATE, 15 May, 1969 

EQUIPMENT 

Energy source: EGG Sparker System 

Transducers: 
Receiving system: 
Hydrophones: 

EG.G. IfSparkarray /I Model 267 - Three 

Geotech Hydrostreamer Cable Model 24257 
Geospace M P? 

Recorder: EGG. Model 254 

RECORDING INFORMATION 

Source power: 
Firing interval: 
Hydrophone array: 

7000 watt-sec 
Approx. 4 sec 
26 MP 7 af f1,m 

Source - recei ver 
Source depth: 
Receiver dept h: 

. (j) Proces$ 
Gam ( .. ) M k' II or Ing 

Filters: 
Print mode: 

Paper speed: 
Ship engine revs: 

distance: 190m 

I~m 
Approx. 4-5m 

amplifier: x 10 
amplifier: 8/0 

20-20 kHz 
Positive 
Approx. 55 cm/hr 

Approx. /000 RPM 

Ship speed through water; Not recorded 
Ship speed over bottom Approx 13 Irm/hr 

VERTICAL SCALE EXAGGERATION - 9x 
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Geophysical Branch, Bureau of Mineral Resources, 
Geology a Geophysics 

NEW BRITAIN CRUSTAL INVESTIGATION, 1969 

MARINESEISMIC "SPARKARRAY" SECTION 
(ONE TO FOUR REOUCTIGN) 

TRAVERSE 27 (/6/0 - /925) 

SHIP' M. V CORAL QUEEN 15 May 1969 

EQUIPMENT 

EGG Sparker System Energy source' 

Tra nsducers' 

Receiving system' 

Hydrophones' 

Recorder' 

II tI EGG Sparkarray Model 267 - Three 
Geotech Hydrostreamer Cable Model 24257 

Geospace MP 7 
EGG. Model 254 

RECORDING INFORMATION 

Source power' 
Firing interval' 
Hydrophone array' 
Source - receiver distance' 

Source depth' 

amplifier' 

7000 waft-sec 

Approx 4 sec 

26 MP7 at V:!m 
190m 

I~m 
Approx. 
xlO 

4-5m Receiver depth' 
(iJ Proces; 

Gain (") M k 1\ or ing amplifier' 8/0 

Filters' 20-20 kHz 

Print mode' Positive 
Paper speed' Approx. 55 m/hr 
Ship engine revs' Approx. 1000 RPM 

Ship speed through water' Nat recorded 
Shi p speed over bottom Approx 13 km/hr 
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