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INTRODUCT ION

The regional gravity and magnetic interpretatiomns of Leaman
(19864, b, € advanced evidence for thrusting on a large scale
im parts of western Tasmania. The proposition was first
suggeasted in sxplanation of the Frecambrian blocks on Sorell
Faeninsula south of Macguarie Harbour. The final stage of this
garly work implied thrusting of twe ages (Late Cambrian and
Devonian) and in  differing senses (see Leaman, 1986c). 6s has
of ten happened in WL erCE, pthers were forming similar
conclusiaons using different data (e.g., Carey and Berry, 1784;
Findlay and McClenaghan, 1987).

As the Sorell Feninsula appeared to contain the clearest
evidence for, and most approachable thrust struchures, drilling
has been proposed to test and control these concepts (Findlay
and McClenaghan, 1987:  DDH 1 alt 3I39000E, D311300N, DDHZ/T at
IOYZ00E, SRIES00N) .

This report examines the geophysical data i the region in
greater detail than was possible as part of the sarlier regional

studies. The review has been directed at evaluation of
structural attitudes, depth limitations, aidd secandary
definition of all relationships — data permitting. It was hoped

that this process would assist or confirm site selection, allow
some site rating, suggest required rig capacity, indicate issues
which might lead to optimising site locations and provide an
outline of predictions and assumptions which can be tested o
revised by the drilling results. The prognosis method is the
mast  honest and scientific approach in these conditions since it
“forces a solid pre drilling analysis and provides an objective
test of concepts and solutions in a form which can be simply
‘upgraded.
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THE SORELL PENINSULA

The region studied is outlined in Figure 1. The basemap has been
reproduced  from  the Queenstown 1:250 Q00 map shest and an
overlay of the total magnetic field at about 130 - 150 m was
compiled From the Mines Department West Tasmania surveys of 198t
and 1985 (see Corbett et al, 1982; Leaman, 1986b).

The geology alternates  between Cambrian and Precambrian units
south east of Cape Sorell. HBetween Cape Sorell and Lagoon Creel
Frecambrian rocks outcrop. A zons of complex structures and
Cambrian rocks are exposed east of Lagoon QCreek. A second
Frecambrian block outcrops NME of Point Hibbs. ITts eastern
margin is more complex, multiply structured and includes
wltramaftics and Ordovician rocks.

These +fouwr blocks have been termed FPrecambrian North and South,
and Cambrian North and South throughout the text and figures.

Carey and Berry (198&8) and l.eaman (1984 b, ) have inferred a
multiply overthrust zone dipping east with movement from the
gast at or near the contact of the southern FPrecambrian and
Cambrian blocks. Findlay and McClenaghan (1987) and Leaman (19864
o esp) Mave inferred a west dipping overthrust at the contact
between the northern Cambrian and Frecambrian. These junctions
had previously been considered to be simple faults., This is
clearly not the casze. Leaman (1786 b, ¢} also implied complex
and partially thrust contacts at the other boundaries.

The present deilling proposal (Findlay and Mcllenaghan, 1987) is
"degigned tn test the two northernmost contacts.
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ROCKE FROFERTIES

Some preliminary property determinations were supplied to me by
Dr. H.G. Richardson. Several were obtained specifically for this
analysis., A1l will be included in the rock property data base
now i preparation, Not all have vet been associated with a
petrological description and some broad groupings have been
attempted.

Rlock Density (L/7cua m) Susceptibility (cgsX.001)
Frecambrian North 2.44-2.61 QO - 0,01

Cambhrian North

hasalt RPRI T 2.3

siltetone 2.5 Q.04

miac 248284 O — 0.3
Frecambrian South 2.45-2061 0O - 0.1

Cambrian South

Serdli ment s , 2. HE-2, T2 0,015~ Q.3
intermed volcs 2.590-2.82 Q.029~ 0.6
(u/IYmafics 2.205-2.90 Q. 048~ 30
misc volos 2.659-2.87 0.4 - 3

The total number of determinations is less than fifty and the
results are extremely variable. The magnetic propertiss are
probably realistic indicators for induction effects and the wide
range s  to be expected. Kocks with susceptibilities in excess
pf  0.0008 cgs (0.9 on above scale) are likely to possess some
remanence character and I Mawve demonstrated for  other
lithelogies that this usually means a conservative bulk estimate
uf  magnetic contrast for modelling puwrposes is at least double
the measured susceptibility. Thus the northern Cambrian basalt
could be pxpected to possess a resulftant contrast in practice of
about 0.005 cgs. ‘
Thae densities pose a greater problem. The wide range indicates
many weathered samples. Only the maximum values shouwld be
considered reasonable -~ especially far the intermediate and
basic igneous rocks. The sedimentary rocks may exhibit a greater
natural  range but experience elsewhere suggests that values of
2.70-2.78  are  normal for such Cambrian rocks. Some results fall
in  this range. The values for the Precambrian rocks indicate
Smes alteration of all samples. Siliceous, massive rocks
normal ly  lie in the range 2.560-2.68 and the noted values sieem
low. Even sc, there is little doubkt that a contrast of the order
of 0.1 t/cu m exists between Frecambrian and Cambrian rocks
overall and wp fo 0.3 t/cu o m where the Cambrian rocks are
locally dominated by mafic rocks.
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GEOFHMYSICAL DATA

The available gravity and magnetic data have been presented
elsewhere (e.g., Corbett et al, 1982 Leaman, 1984 a, b, c©). The
gravity data base has, however, been updated since the original
work of Leaman (198&c) and the number of stations on Cape Sorell
peninsula has been tripled. Unfortunately, the coverage remains
unaven and patchy due to access and vegetation problems for
helicopter surveys. The two Frecambrian blocks have been wholly
covered at 1 km intervals but only a few stations have been
observed on the northern Cambrian block.

The gravity coverage is regional and irregular, as noted above,
and  may oanly be used for broad brush assessments at this stage.
The absence of stations in Macguarie Marbour anpd immediately off
the west coast also limits the usefulness of the available data.

No such problems exist with the magnetic data base even though
the east-west line spacing is S00 m. The coverage is uniform, at
an  elevation of 130-150 m, and able to resolve issues related to
primary boundary features.
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INTERFRETAT TOM

Six profiles (4 magnetic, 2 gravity) across the northern part of
Sorell Feninsula have been examined previously.

Three of the magnetic profiles (lines 40, 120, 270 at 3300 200,
SE204 400 and BE12 000 mN resp) were examined at the commencement
of the Mt Read WVolcanics study and were reported in Leaman
(198ba). It was recognised that the region was magnetically
comnplesx arcl that the Frecambrian blocks were probably
overthrust. I made rno attempt to prove this proposition at the
time since too little was known of the general characteristics
af the Cambrian rocks or feasible structural effects. The time
udget was spent  on evalualbion of rock property inferences and
the contrasts implicit inm the anomalies. It may be remarked that
the properties inferred im Table 1 of Leaman (19846 a) are wholly
consistent with the recent determinations. Time and evaluabtion
af Ffeatuwres within the Mt Read Volcanic arc precludecd a return
to the problems of Sorell Feninsula as part of that study.

However, by the time interpretation of the 19859 survey was begun
the nature of the regional contrasts and their structural
implications was better understood. This is reflected in the
interpretation at 5293 000 mN ( see Figuwe 5, from l.eaman, 1986
b) where a thrust solution is unambiguously suggested for at
least one boundary of the southern Frecambrian block.

The two gravity profiles (59295 000, G310 004G mN) were presented
in Leaman (1984 ). The original solution for 89310 000 mN is
reproduced as Figure 3. This solution clearly implies thrust
raelationships at both Precambrian blocks. It was simply not
possible to explain either as part of a coherent basement mass
or even shallow detachments from such a mass presuming normal
west Tasmanian densities and contrasts.

This review has, given the limitations and presumptions of the
earlier work, sought to verify and refine these interpretations.

Any  such  analysis must wpdate considerably the work reported in

Leaman (198& &) and refine that in leaman (1984 b, ). The
gravity solutions are also modified by the new observations. The
orientation of the profiles used has been assessed in order to
reliably describe the elements of the structure and key boundary
relationships. In the gravity case coverage limitations and the
1 bkm spacing where extant means that orientation is not an issue
-~ profiles must be located where the data is most continuous.
The northings of the original profiles remain the preferred
positions overall and both are conveniently located with respect
to  the proposed drill holes. In the magnetics case the preferred
alignment iz normal to strike (NNW or NW to SE) rather than E-W.
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For Lines 5090 amd 53
bheart corre

v

Doare given in Figuwres X
cted for new data -~ whogse effect is
profnounced on Lime S510, caompare  with Figwe 3 - and
I Tezed  ton incorporate conbra s oand crustal parameters which
apply  consistently across N Tasmania feom Elliott BFay to the
Tamar  FHiwver, The shi+t differential of 55 mGal reflects these
factors. Mo regional —residual separation has been abttempted due
to the high risk of introducing undefined errors.

maac

Frofile - {(Figure 20 offers a relatively poor fit west of 36&4
QOO mE.  This model  version was included to illustrate bow
such & soluation either understates the thickness of the
Cambrian section o its density -  even thouwgh a major
portiorn  of Lt has been assigned a density of 2.89 t/cu m
Cmadficsd = pr  overstates the thickness of the soulthern
FPrecambrian block. A reduaction af 1 km in thickness of this
Biock at  the inferred density (2.66-2.68) could match the
profiles bult a reduction of 1.9 km is possible using the
measured, Brut: probably  weathered, denzities. A similar
effect cotld be obtained by despening the Cambeian trooegh a
wimilar amount o incluwding & larger volume of mafic
voloanics. The nature of the coastal boundary is unclear due
to inadeqgquate coverage.

Howaver the profile is viewed it is clear that the southern
Frecambrian slab is a relatively minor component and even 1f
the exposed contacts are steeply dipping (not supported, see
helowr  they cannot extend Lo depths in excess of 1.0 to 2.9
km anywhere.

The data are dnable to rescalve dips reliably due to the wide
stalttion spacing but  the dips shown i the Figure seem
reasaonable  givern the existing gealogical cormtrol and station
density.

The model idmplies thrust surfaces for the upper and 1lower
tfaces of the southern Frecambrian block. The model also
demonstrates  why modelling of these structuwres must be on a
G- anc scale initially since the relationships are not
avident and resolvable in first order terms unless the
modelled section is at least 25 to 40 km long. In this case
the 4% km  of detailed section presented forms part of a
qross model 300 ko acrose.,

Frofile S3510 confirms these implications while sampling all four
blocks. Figurs 4 presents an acceptable solution using a
revised  form of the earlier solution shown in Figuwe . The
revisions  provide for oregional patterns and new data. The
levelling of  the obser-ved profile toward the coast reflects
the effect of the northern Precambrian block and a newly
comtirmed granite  within it off the coast. The souwthern
Frecambrian block is gravimetrically inconsequential.
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Comparison of Figures I and 4 shows that the Precambrian
camponent is  minor  amd  that variations in the Cambrian
section are much more important. It is likely that the
Cambrian section is deeper and/or more mafic than shown in
Figure I and that the uwnits adjacent to the northernmost
Cambrian/Precambrian boundary dip steeply sast. Similar dips
may apply 8E of the socuthern Cambrian/Precambrian boundary
(see also line S5E99).

The present data cannot resolve the form of the southern

Frecambrian bhlaock at this northing but +the northern
Precambrian block must be very thin -~ generally less than 1
ar 1.3 km — with an irregular (probably folded), very

ghallowly dipping basal swface.

MAGNETICS:

Two  samples of extended magnetic interpretation, here named
Lines 1 and 2, are presented in Figuwes & to 8. These particul ar
lines pass through, o- close to, the proposed drill sites (DDH 1

lLinme 1, SR200 my DOH 2/3 - line 2, approx 13500 m). Both are
effectively rnormal to the primary trends and sample all
contacts., The two lines summarise the systematic changes which
occur along strike between Ft Hibbs and Macquarie Harbour.

Line 1 shows how dimportant it is to have some geological
limitations on this  kind of i1nterpretation since the
southern Precambrian block might not even be suspected from
gither gravity or magnetic data. It has an absolutely
insignificant volume.

The wvolume of the northern Cambrian dominates the sectiaon
since it represents the tip of the sectional ice berg (see
also Figure 4). HMafic units either layered, differentiated
ar  altered can bhe shown to dip steeply east while the lower
swface of the northern Frecambrianm block dips shallowly
west { approx 1% degrees). Farts of the surtface may dip more

steeply but the overall effect cannot exceed this estimate —

a rresult which is consistent with the gravity model (Figure
4.

The southern Frecambrianm block appears as a slice with
roughly parallel surfaces dipping shallowly east ( 7 degrees
est). There is also a suggestion that the Cambrian materials
extend beneath it and fthat it is not extensive in depth.
This possibility was also implied in the gravity analysis.

Review of the requirements to satisfy the profile match and
the idimplied properties within the northern Cambrian block
has suggested that additional dislocations are present.
Within this block there is evidence of discontinuities iq
proper-ties which swggest that the Cambrian section is not
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Twie

wholly conformable and that some elements are truncated in a
way which could be consistent with the termination of the
southern Frecambrian block. More detailed study would be
raeguired  than has been oundertaken for thig review but the
twenty six structuwral and property theme variants tested and
evolvead indicates that only a solution of the style shown in
Figure 6 is reasonable. Such a solution implies older
thrusts now dipping west have been offset by younger
structures dipping ®sast. It may thus be possible to drill
from a site south east of the southern Precambrian block
toward the west and not encounter any Frecambrian rocks at
all.

The stack of mafic rocks in the southern Cambirian block may
represent  stacked thrust sheets of the type described by
Carey and Herry {(1984) but which, in this zone, involve
mafic and wlitramafic rocks as well as Ordovician materials.
A1l appear Lo dip sympathetically with the slab of southern
Precambrian.

solutions have been included for line 2 (Figures 7, 8).
Although each results in identical shift — match parameters
comparison reveals both the sensitivity and ambiguity of the
modelling process.

The thrust surface beneath the northern Frecambrian bhlock is
irregular but probably not steeper than 15 degrees overall
{see efftect on profile of steepening in Figure 8). The
surfaces bounding the southern Precambrian block dip at
about 12 degrees and the steack of mafic rocks above it dip
at around this value, not less.

There is no evidence at this northing for stacking or
discontinuity within the northern Cambrianm block which still
dominates the section. The lavered mafic suites is still
recognisable with its  two principal members but a slightly
shallawer dip to the east (contrast Figure &). Analysis of
data bhetween lines 1 and 2 indicates that & cross cutting
feature affects the terminating structures — which may be
projections of asplays from it — north of line 2. The kinks

and bends in surfaces bounding the southern Frecambrian

bBlock may marl points of splintering within the structure.
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SUMMARY

Detailed review has confirmed the original suggestion of
thrusting acraoss the Cape Sorell Peninsula. The term thrusting
has been  wused throwghout the text on the basis of the earlier
work and implications from it and the clear recognition that no
agther term adequately describes the surfaces defined given the
stratigraphic relationships. The present work reinforces this
conclusion  amd  the term has  bDeen used without condition. The
data and interpretation support unconditionally the concept of
maltiple Uthrust stacking within the southern Cambrian block and
a shallow west-dipping base to the northern Precambrian block
{refer Caray and  Berrey, 19863 Findlay and McClenaghan, 1987
FrEssE)

This review has also indicated that all Precambrian boundaries
have a thrust origin. The southern Frecambrian block virtually
disappears northward, not merely due to narrowing in suface
expression  but due to truncation of the block at depth by a low
angle cross cutting surface. The zome of change can be seen in
changes in the character of the magnetic field near 3305 000 mh,
I have not been able to resolve precisely what happens using the
simple 2D assumphtions. It is interesting that minor local near
surface anomalies shift across the southern FPrecambrian—-northern
Cambrian boundary at this northing. It is possible that the
concealed cross  cutting structure is a dislocated extension of
the surface which cuts off the northern FPrecambrian block. Both
dip west and are probably the oldest structural featwes to
affect the Cambrian in this region.

npH 1, as  proposed, is desigrned to test the shallowly dipping
Ckhrust base to the northern Precambrian block. I believe it will
o s0. A mimdimum rig capacity of 300 m is advised.

DDH  2/7%, as proposed, are designed to test the attitude of the
boundary between the naorthern Cambrian a&nd the southern
Frecambrian blocks. Any hole 100 to 200 m SE of the contact and
gdrilled NW  at  about &40 degreses will pass from the Precambrian
within 100 to 200 m, Hole I, facing SE, will not be necessary on
the present interpretation.

Other holes may be proposed to  test the stacked thrust (7))
sheets involving the ultramafics/Ordovician within the southern
Cambrian block or +the discontinuities within the northern
Cambrian block. The latter option would require a deeper hole,
perhaps 1 kmy, For confirmation but would demonstrate that the
entire peninsula, regardless of block, contains a series of
thrust structures.

The present interpretation represents the practical limit for
simple methods. Any fuwther refinement must use more advanced
methaods which allow +for ZD effects. The present work provides
the necessary foundation. It may also be observed that the
results of any drilling on this prognosis, whether positive or
negative, will provide the necessary specific controls for any
such refinement,
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Basemap: 1:250 000 Queenstown
Magnetics: 1981, 1987 swveys

All Mines Department data
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