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Up to 1981 Amoco installed a set of grids in the Zeehan
al"ea. A range o-f slJrveys were under·taken, as detai led in the
r'elevant repor'ts for EL 4/78. A complete gravity cover'age was
observed. Lines were pegged and levelled and high precision
results could have been expected. Sadly this was not the case
and_this report explains why.

I was engaged by the Mines Department to review the data
supplied as part of the licence conditions, attempt full
correction of it and tr"mslate it to a normalised format SLICh
that it could be included in the TASGRAV data base (refer
Richardson and Leaman, 1987). In this way the data becomes of
benefit to future explorers in the region - not simply to
those reworking these particular grids.

No terrain corrections were attem~ted or reported by
Amoco _/and yet thel"e is a range of 0.10 to 2.50 mGal in this
adju$'tcn",nt. Much elf thi 5, effect was probiabl y di slJui 5;ed in the
compciu.Qd hi gh elr-der- and non geol ogi cal tr-emd sur-faces used t.o
generate residuals. The effect of the absence of terrain
correction would have been variable; systematic in some grids,
irregular in others. This problem, quite separate from the
mechanical observational and processing i$5UeS noted below was
evident t~ me in mid 1983 when I was asked to comment on a
farm-in proposal on the Maxim grid. I was disturbed by that
brief sighting of the data And some of the presumptions made.
Amoco were advised but took no actic,n to remedy the flaws.

This report is not the place to attempt Y'O,-interp,".etation
or discuss regional separ£tions.
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However~ several of the problems and concerns evident in
this data set occur all too frequently. Most should not and
all belie pear supervision or specification and some ignorance
of what constitutes good gravity technique and data.

These notes were prepared as an outline of the strengths
..nd wealmesses of the data set as included in TASGRAV. In
addition the notes provide subsequent workers an appreciation
of what was done by Amoco, what has been done by me, and what
ShOL,ld have been done in the first instance. Imperfections and
problems persist but it i,s believed that most have been
recognised ~nd listed. This listing should allow realistic
,-,pplication of this data. There isno doubt that the results
are more than compatible with the more regional elements of
the TASGRAV data base but the pr"eci si on of Bouguer resul ts
within the Amoco surveys,although variable, Is generally
better than 0.08 mGal.

Any reader' of the Amoco rep'Jrts (or jed nt venturers on EL
4/78) should. be aWare of the issL,es descl"ibed. The application
of" cOrl"ect height and gnwi'ty base datum and terrain
corrections modifies many interpretive concepts directly­
especially regional trend separations.
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The terrain corrections quoted must be regarded as minima
in all c~ses due to~he absence of records concern~ng the
local surface features about the station (within 25 mI. In
some Cases .the deviation could exceed 0.25 mGal. All
calculations have been based on 1:25000 topographic maps
using the Hammer method to zone M ( 22 km) using the grid

·3. Base stat·ion and tie station values der·ivedfrom the data
set are given in the table. The state tie is ZEEHAN 9903
(Richardson, 19811. Note that only the core grid or
isolated grids were tied to absolute datum.

Zeehan 9903 Zeehan-QLleenst.own-Bur·n i e rd j n. 980298.24
Swansea grid 1400,1200 980306.16
Rose Valley, aaLlra 9803404.32
Pyramid 980322.96
Nubeena 1500,2000 980304.87
Sassafras ~ 2000,1500 (see notes) 980299n57
Amoco house verandah Zeehan 980307.88
Grieves de facto base (DELI 1500,4900 980332.48
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1. Fieldwork appears to have been competently undertaken by
Solo Geophysics and Wongela Geophysics. Elements of the
various surveys were tied to absolute datum, ties repeated
and good local base stations established. Within each grid
adequate loops were observed to remove drift.
Unfortunately, as will emerge in other comments, the use
of two contractors coupled with poor or non existent
supervision has led to an array of poor practices and
deficiencies overall. Thus individual units of survey are
reI i ab 1e but wer·e not organ i sed for accurate
interconnection, correlation or correction to normalised
datum. I believe this has greatly limited its original use
by Amoco since structural components in any anomalies
could not be appraised.

Field sheets were taken from the observers and processed
i. n a fragmentary, amateuri sh and qui te unsati sfactory
manner. Much of this work appears to have been done by
Amoco's qwn staff and, as seems to occur f""equently, lack
of experience of the needs and issues related to gravity
data has degraded potentially excellent observations. The
results submitted to the Mines Department - as plotted by
individual grids may be reasonably sound (by no means
certain, see below) but cannot be correlated between grids
or . to sLu··veys on state datum. Va,"ious inappropriate
assumptions were also made concerning suitable densities
or trend removal but I do not propose to discuss these
here other than t.o comment t.hat mUl::h of the curi ous tr·end

'orientations noted are partly the result of omission of
the terrain correction in some grids. Some of these
presumpti ons can be recogni sed i rl the e>:pl anatory notes
provided by Amoco (see reproductionsl. Time and incomplete
ecords inevitably blur recollection.
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recovery used. The grid recovery, or its original
descl"iption, also leave something te> be desi.red irl some
instances. The positional errors probably do not exceed 50
min any par-t of the cIJver"age bl_It thi s may on occasi on
lead to sizeable deviatiot1 in terrain correction estimates
on steep slopes.
Data within each grid set has been drift corrected,
elevation adjusted to AHD and;linked by the most precise
route permitted by the data to state gravity datum. No
independent tide correction was made since loop periods
were short and the tidal effect is largely removed within
the drift correction.

The NUbeena grid. The Amoco b.ase (2000E, 1500N) was
relocated and surveyed by Mines Department survey for use
as an ultimate tie. AMG value 362121, 5358597.5, AHD 216.3
m. Amoco quote 228.2 m for this elevation. All elevatiot1s
have been adjusted to the resurveyed figure.
Al though some conf 1 i ct appears to e>' i st between relocated
pegs and the quoted Amoco magnetic orientations the most
cot1sis1:ent. solution is Amoco' 5; and this has been retained.
Gravity base tied direct. Original data included some
in-accurate drift corrections.

The Austral grid. This grid illustrates the problems of
loose grid ties and fn"gmental r.E>ductions. Amoco quote
1000,1500 as bE!ing eq,_,ivalent t.o 2000,1500 o·f the Nubeena
grid. Within this survey loop control was poor and drift
corrections were not simple. A key link to the Nubeena
9rid, which could be tied to state datum, fell Mithin a
loop and not as a properly observed end point.. This is
inexcusable given its status with respect to this and
ot.her grids and reflec·t.s bad supel"vision and specific­
ation. Some stations were not on any drift. controlled
loop. Looping and station grouping was also rather
disorganised. Internally the grid is reasonably satis­
factory but its linking to absolute values is poor.

The Maxim grid. This is an extension of the Austr'al grid,
rotated to the west. Its fundamental tie point is also an
intra loop station lagain bad practice). Two meters were
used and there is 110 means of checking quoted scale
constants or meter numbers. However, the constant for half
the grid is quoted as 1.0428. This is highly suspect since
it would imply U,at meter #35.was Llsed at the very top of
its raf}.ge.. Other si te usage suggests that 3000 has been
subtracted from all values for convenience. The probable
constant is thus 1.0464 (mid r.ng~ as to be expected).
Ties between meter usage are also few and far between.
Differences may exceed 0.03 mGal as suggested by stations
464 and 5:::>1 (my numbe~·ing)" Coordinate system linkages are
1350, 2000 Austral _. 1.362, 2032 Ma,:im (my station 396)
inferred as 362278.9, 5359187.1 AMG.
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8.

9.

The Oceana grid. This is also related to the Nubeen~ grid
~nd si rni lar rcornment s app 1 y. Coord i. nat.es 710, 250 Austral '"
1400, 3500 Oceana (inferred as 362276, 5357323.7 AMG).
Gravity linked by station 219 in my numbering (as in
TASGRAV). This link could have been first rate if Austral
had been properly tied to Nubeena.

The Pyramid grid. This is an extension of the Oceana grid.
The elevation differential between Mines Department ties
and Amoco stated values is -11~6 m. The reason for the 0.3
m offset within the grid network is not explained but does
suggest a surveying error in the Amoco links presented. A
5epa~ate base station was observed but it. was not used as
part of the grid! Instead, the survey was linked to point
1400, 2700 of the Oceana grid. This needlessly degrades
the overall precision of the entire integration. The
Pyramid grid is in two parts which have been standardised
to the Oceana grid (by Amoco). This presentation was used
for· trar1sfer to AMG af ter checki ng wi th Mi nes Department
rechecks and verification of map contour levels and
patterns. Two meters were used on this grid but once again
the links depend on intra loop stations!

The Sassafras gridQ This is an isolated grid north east of
Zeehan. Mines Department recovery of the grid waS
uncertain due to the confusion between 'ipegs'l 2000,1500
and 1500,2000. However, the farmer is a nominal position,
as shown in the Figure~ which provides a proper g~avity

base link. This s~rvey grid is of good quality. The grid
core poi nt is at 1500,2000.. The gr:i d was reconstructed
from the few pegs picked up and levelled by the Mines
Depar"tment by n(Jt:ing elevation differ·ences and separations
given the appro:·: i mate CJr i entat i on of . the base 1 i ne. The
possible maximum error in recovery is about 10 m..
Elevations have been transferred from an arbitrary
reference tD P,I·iD :in the process. The elevation of the
Amoco gravity base (table) is 184.8 m while the grid base
(1500,2000) is at 186.1 m. The appropriate scale constant
shoL,ld be 1.00925, not 1.00928. Some pr"oblems were noted
at line ends with respect to elevations and terrain
corrections. The original Amoco maps show a negative
gradient along the west side af the grid. This is due to
absenc::e of terrain correction. However, the magnetic
positioning of the grid is imprecis~ and line ends may be
imperf,ctly corrected. The results, as included in
TASGRAV, are far better than no correction at all however.

I
I
I
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10. The Rose Valley grid. Many of the comments here also apply
to the aaura, Southern, Grieves and Myrtle grids. A Figure
showing the relation$hip is includedm
Thi!;;) (JI'"'c)uping of gr'icl~~ wit.h v~~rioLts (Jrier,.tations was
unified in. terms of the Gr·ieves gl'"id renumber"ed. The
"tr~Lte" v.alLH?s quat·.ed by Amoc:o !l(:\v(.? bEH?n tra.n5fer~r"E~r.1 to AMG
based on a partial Mines Department resurvey near Rose
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Valley. This pl.... (J(:t2SS revealE?c1 some inconsistencies in some
Amoco plots (e.g. Fig 3 for EL 4/73 of Badger River grids,
and plan A78-608/m83-1968) which imply a potential easting
offset of 100 m near the link between the Southern and
Grieves grids" Since the Grieves grid has been tf.\Ren as
the regiona1 reference this was potentially serious.
Checks with known points, ,. road intersections and
topographic patterns has enab1ed recovery within 50 m at
the limit., of the network. This has implications only for
the terrain corrections at the end of lines within the
Grieves and Myrtle grid'; whe,"e slopes rise steeply from
flat plains" All elevations were AHD but ties between
grids indicates a general reprOducibility of 3 to 5 cm
with occasional deviations of 20 em.
The grid combine reflects ... topsy style growth and this
was coupled with failure to rigorously refer each unit to
the same, or properly linked, gravity base system.
All gravity values have been referred to Amoco gravity
base !table). The R(~se Valley gr-id is equivalent in
quality to any of the isolated grids or Nubeena.

11. The Baura grid. This grid was directly linked to the Rose
Valley grid and used the same tie point. This was pr-op~r

and represents one of the few instances of sound practice.
Some terrai n cOI"recti ons may be suspect at line ends due
tel posi ti on."l w1cer-tai nty. Two meters were used and
properly base referred (see guidelines at end of this
r'epor't) •

12. The Southern grid. The gravity base point used was
1500,4900 on the re-organised Grieves grid system. It was
not separately related to the primary tie network. Links
to the Baura gr-id occur- within loops and several OVEN"laps
were averaged in order to assign a value for the Grieves
base. Variations in level of 5 to 50 cm were noted in the
process and only stations with differences less than 5 em
in quoted height were used for assessment of the gravity
differences.
Staff handling reduction also misread the meter
observat:i ons ."nd appl i ed a constant of 1,.0428, not 1.0464.
A secondary base (60850.46500) was used but this was not
directly referred to the principal tie (very bad practice)
and was linked i.n only one loop.

13. The Grieves grid. T~,e gravity .base wa~ obtained as defined
above. ~Again positions were marginal at the limits of each
line leading to loss of reliability in terrain corrections
on the slopes.

14. The Myrtle grid. The Grieves base is ti.ed directly to only
half the .sur'vey. THe remainde.... is tied by l(~op overlaps
using a secondary base at 60500,50200. Only one definite
link was observed with a precision of 0.02 mGal.
In the Southern-Grieves-Myrtle grids the absence of
recogni sabl e base poi nt", and absol ute posi tional recovery



limits the precision of terrain corrections on the steep
slopes at the line ends. This is a situation in which a
general compass layout should be picked up and confirmed
at its extremities at the time of suryeyo Loss of pegs and
labels with time inevitably reduces- the chances of
reliable later recovery.
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15. The Swansea grid. This, being
tied. The nominal Amoco assigned
base point 11400, 12001 has
following check survey.

r
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isolated, was absolutely
elevation of 300 m at the
been revised to 238 m
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CONCLUSIONS

Amoco's line results can be accepted as reasonably valid,
with the exception of most line ends, for the Sassafras, and
Rose Valley-Myrtle grids. In the other grids terrain
corrections are much mar-e vari,<ble and less systematic. The
internal problems within the surveys does mean that great, care
must be exercised when referring lines of one grid to lines of
another. These problems have now been largely overcomeu

Within the unified survey set precision varies from grid
to grid due to the poor techniques applied. This comment.
refers to value'o; 'In s·tat.e datum. and not. t.o separate grid
surveys. It should be noted that Amoc'J's less than ideal
t.echnique would perhaps have been adequate on a single grid
basis if observations had been terrain corrected. However,
Amoco could not, as TASGRAV data now can not., precisely
recover grid t.o grid r-elationships. This means that even the
or-iginator of the survey did not get its optimum benefit. The
users of TASGRAV will r-eceive the best possible integration ­
ana one which is terrain corrected.

The prob 1ems evi dent in data handl i ng and processi. ng of
this data are almost universal in those cases where field
obssrvation5 are transferred from contractors to in-house
staff who usually lack experience in -gravity data treatment.
An accurate, unified reduction could have been provided from
the original sheets provided some -extra links or bas~s were
observed at the time. The reduction process actually used was
cl~msy but appeared sophisticated. It was unnecessarily
complex and tended to obscure the critical elements of the
dat.l::t set p

The rigour- of the treatments and the natur-e of the
comments made indicates what is r-equired of gr-avity data if
they are to be used absolutely or for reliable future
reference. See also guidelines below. Although Amoco doubtless
received r-esults appr-opriate for its level of treatment and
objectives (7) (with the exception of some misleading
"regional" effects and probably weakened intel"pretation) the
techniques employed certainly limited use of the data,
int.roduced unnecessary w~akness and made the data useless for
future r"eference. This analysis h~s recovered the data set for
future use by other explorers but at a cost. There is some
loss in precision, where the grids were interlinked rather
than base lir,ked, and some risk. of ran~om error at line ends
due to 19cation error" for the terrain correctionsu The former
is probably of the order of 0.05 mGal while the latter may
locally exceed Op20 mGa!. These degraded. final results, while
not significantly diminishing the usefulness of the data set
or pr-ecluding 'its insertion in TASGRAV, need not have
occurr-ed. That the prob~ems related to survey links, multiple
meters and observers di d occur' i ~j evi dence o·f bad super-vi si on
and inadequate. under-st,.nding of the red~lc:tion process. This
implies poor !;pecificatiorl as well.

Users Q'f thi s data must be awaiE of pr(:ci si on 1 ass on
line ends wherRever ~;teep slopE?s elr i:\bl"'upt sl CJpe c:har,gf'~s are
involVed. This is probably not significant for most practical
pur-poses given the present coverage and the restr-iction of the
problem to extremities •
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GUIDELINES FOR GOOD GRAVITY SURVEYS

These suggestions are based on long experience and the
degradations suffered by this data, and include

1. Ensure short period (approx 2 hrl looping on conveniently
located points on stable ground,

Link the key loop points to a primary station within or
near the grid. This linking should be direct with no loop
stations en-route and must be repeated. Alternatively key
loop points can be linked to each other with only some
linked to a primary point.

Th.., primary point should be linked to a point on the State
or National GraVity grid. At least three return loops
should be observed 1)6 observations) to establish the
interval (more if the distance to a state tie exceeds a
travel time of half an hourI.

4. Such primary points can be raised to datum status and used
to tie other surveys in the area if they are conveniently
located, unambiguously defined and on stable, level ground

and the interval to the state network firmly
established.

I
I
I

5. Note that
links at

_ prefel'ably,

no intra loop station can or should
any level between surveys. Loop
primary points must be used.

be used for
bases or,
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6. If the local base point is well located it can be used as
base for a set of local grids and linked las in 1 and 2
above) each day or at the start of each new grid to set up
an in-grid reference pointM At no stage should the gravity
observations grow (or be linked) in a topsy-like manner.

7.. Wher'e it i!5 nl:."?cessar··y to change meters, meter si::ales,
operators, or link segments with differing meters or
constants the principles in 1, 2, 3 must be applied. Each
new oper-ator sh'3uld find the primary points and use them
and any meter change must be referred to such points ­
NEVER to int,·. loop stations where ~;t.tus is already
suspect..

8. No in~erpretive factors should be inserted during the
reduction phase. All data should be reduced at a single
density and all anomaly-density i~plic.tions reviewed
separately as part of an interpretation. 2.67 tl cu m is a
useful, practical and realistic reference density for
presentatLon of nrJr'fTlalised dat{'3, Wt1iC:~'1 in no way preclUdes
variatiorl review at a later stage.
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9. Field observations should include
line/peg/station number
time and meter r'eading
date, weather, meter number and scale value
nature of g,-ound ow meter pr'oblems
height of meter base plate above ground level
descr i pt i on of local topogr'aphy about stati CJn where

features which may affect the immediate terrain
correction could not reasonably be deduced from
the best base map available. Notes of conditions
up to 25 m away may be necessary.

10. Every effort should be made to select sites which are
level for- up to 5 tTl (at. lE:2\st) about the sta.tion. .. Not
always possible so nate details. Level the actual site
obse,"ved by the mete,- a'ftE!r the SUI"vey. Natur,~ll y there
may be variations on this theme if the grid has already
been used fer ether pur"poses.

11: Reduction should follow drift correction (which on short
loops with a good meter will be dominated by the tide
correction). Reports should note the ellipsoid used for
reduction and the simple, direct data input system used by
the Bureau of Mi n,,,r al Resou,"ces and t.he Mi nes Department
is recommended. Suppl i ed data shaul d to... ke that statnda,-d
form. See Richardson (1981bl.

12. The limits of the grid, at l.ast, should be check surveyed
and referred to an unambiguous grid such as AMB. This
removes much of the positional uncertainty on steep slopes

especially where the grid system is complex and
irregular or dependent on general compass locations.
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