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Abstract

The deflection of post-folding remanence towards the bedding
plane by high magnetic anisotropy ¢an produce an apparent
synfolding signature, with best agresment between directions
from different fold limbs after partial unfolding. The effect of
magnetic anisotropy of banded-iron formations on measured
remanence inclinations and inferred palaeolatitudes can tead
to large errors in calculated patasopoles for intermediate to
moderately high palagolatitudes but is minor for low
palaeolatitudes. Anisotropy also causes cones of confidence
to be underestimated, due to compression of the range of
inclinations. Therefore high anisotropy can not only bias
estimated palaeofield directions and cause underestimation
of erros, but can also mislead interpretation of the relative
timing of remanence acquisition.
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introduction

Rock magnetic properties and palaeomagnstism of weakly
metamorphosed banded-iron formations (BIFs) of the Lower
Proterozoic Hamersley Group, Western Australia, and
Proterozoic BIF-derived iron ores have been investigated. The
BIF units sampled here are slightly younger than 2500 Ma,
At Paraburdoeo, Mount Tom Price and Mount Newman iron ore
formation was completed before 1850 Ma. The stratigraphy
and chronology of the Hamersley Basin are summarised in
Fig. 1.

Sampling and Rock Magnetism

Sampling was mainly from the Mount Tom Price and Para-
burdoo mining areas and for the first time a palaeomagnetic
fold test on fresh (unweathered and unaltered) samples has
allowed the nature of the remanence of the BIFs to be clarified.
The remanence is carried by late diageneticllow grade
metamorphic magnetite after primary haematite. 1t is pre-
folding and is unlikely to be greally affected by the high
anisotropy because the palaeofield inclination was genuinely
{ow, as discussed below.

Determination of palaecfield directions from measured
remanence directions is complicaled by self-demagnetization
effects in strongly magnetic, highly anisotropic BIF specimens.
We have presented a method for correcting measured
directions for the effects of self-demagnetization and
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anisotropy (Schmidt and Clark,1993). For typical BIFs, the
effect of magnetic anisofropy on measured remangnce
inclinations and inferred palaeolatitudes is minor for low
palaeolatitudes, but can lead ‘o large errors in calculated
paiasopoles for intermediate to ~moderately steep
palagolatitudes. Anisotropy also causes cones of confidence
to be underestimated, due to compression of the range of
inclinations. In principie, deflection of post-folding remanence
towards the bedding plane by high magnetic anisotropy can
produce an apparent synfolding signature, with best
agreement between directions from different fold limbs after
partial unfolding. Thus high anisotropy can not only bias
estimated palaeofield directions and cause underestimation
of errors, but can also mislead interpretation of the relative
timing of remanence acquisition. The anisotropy of
anhysteretic remanent magnetization (ARM) probably yields
an upper limit to the anisotropy of the chemical remanent
magnetization (CRM) carried by the BiFs. Figure 2 shows
cleaned remanence directions from Paraburdoo BIFs, with
respect lo the palaschorizontal. In Fig. 2a these directions
are uncorrected for anisotropy and have a flattened
distribution, reflecting deflection towards the bedding plane.
In Fig. 2b the measured ARM anisotropy has been used to
correct the directions, producing a vertically elongated
distribution that suggests overcorrection. From the anisotropy
of ARM, a maximum inclination deflection of 8° is suggested
for the sampled BIFs. This cotresponds 1o less than 5° change
of palaeolatitude.

Palaeomagnetism

The palaeomagnetic pole position calculated for BiFs at
Paraburdoo is 40.9°S, 2250°E (dp = 2.9° dm = 58°) after
1ilt correction, but without correction for anisotropy (thus the
errors are shightly underestimated). Other pole positions
reported include those from flat lying BIFs from Wittenoom
at 36.4°S, 21B9°E (dp = 4.6° dm = 9.1%), from Mount Tom
Price iron ore at 37.4°S, 220.3°E (dp = 579 dm = 11.3°% and
from Paraburdoo ore at 36.4°S, 209.9°E (dp = 4.7° dmn =
8.8°). The poles from the BIFs, the Paraburdoo ore and the
part of the Tom Price deposit that was sampled in this study
are indistinguishable from each other and from the Mount
Jope Volcanics overprint pole.

Discussion and Conclusions

The magnetization of the BIFs was probably acquired during
burial metamorphism of the Hamersley Group, soon before
the main folding and uplift event in the southern part of the



224
BOOLGEEDA IRON
FORMATION
L VY
vy
VVY
Vv vy vy
VVVVVY
VA'ATAVAYAY
VVVVYY
VVYVYY
VVVYVYV
VVVVYVY
WOONGARRA VY VV VY
— FY VYV VYV
YOLCANICS NV
{~2440 Ma} VVVVVY
RASA AN
T VA'AAA
AR
Vertical VYV VYV
Scale VY VVVV
300
@
B o WEELF WOLLI
= FORMATION
0
A Yandicoogina Shale Member
Joffre Member
BROCKMAN IRON
‘— FORMATION
Whaleback Shale Member
- Dafes Gorge+ Member
(~2480 Ma)}
Y ¥
1
I MT McRﬁE SHALE
MI_SYLVIA fOﬂMATlON
WITTENOOM DOLOMITE b—=x———
- (~2640,Ma) T~
MARRA MAMBA
- IRON FORMATION
+ |
'"_' Acid lava
Tuff
- % Dolomite
FIGURE 1

Stratigraphy and key geological events of the Hamersley Basin, including detalied stratigraphy of the Hamersley Group, This pape
discusses resuits from the Dales Gorge and Joffre Members, although the results are equally applicable to other BiFs.
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Hamersley Province. This tectonic evént exposed magnetite-
rich BIFs to near-surface oxidizing. conditions, producing
extensive martite-goethite orebodies and also appears lo have
produced the syn-folding overprint magnetization recorded
by the Mount Jope Volcanics of the underlying Fortescue
Group. Figure 3 shows positions of palaeomagnetic poles from
this study, together with previously documented poles of
similar age.

From stratigraphic considerations and other geological
evidence discussed by Morris (1985), the ages of
magnetization are tentatively interpreted as ~2200+100 Ma
for the BIFs, ~2000+100 Ma for the supergene enrichmenit
of BIF to martite-goethite ore, recorded by the Paraburdoo and
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FIGURE 2 .

Equal-area stereographic projections showing a) cleaned
bedding-corrected magnetization directions from BIF at
paraburdoo as measured {note some inclinations are positive and
the distribution is flattened), and b} same directions as &) but
corrected for anisotropy using anisotropy of ARM as an analogue
for anisotropy of CRM {note this over-corrects and smears the
distribution vertically}.

Mount Tom Price orebodies, and ~1950+100 Ma for the
metamorphic martite-microplaty haematite ore, recorded as
an overprint by the Tom Price orebody and as the only
surviving magnetisation of the Mount Newman orebody.
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FIGURE 3
APWP showing poles from this study and related pales. Pole mnemonics are PBI and WBI, Paraburdoo and Wittenoom banded iror

formations {BIFs) respectively, PB and TP2, Paraburdoo and Mount Tom Price iron orefoxidized BIF respectively. Other mnemonics
are those used by ldnurm and Giddings (1988), WD — Widgiemoaltha dyke (Evans, 1968), MC — Millindinna Complex, JV — Mount
Jope Volcanics, RE — Mount Roe Basalt and JO — Mount Jope Voicanics syn-folding overprint {Schmidt and Embleton, 1985), Y

— Yilgarn A dykes and RD — Ravensthorpe dyke {Giddings, 1976}, MG3 — Mount Goldsworthy 3, KD — Koolyanobbing Dowd’s Hilf
TP1 — Mount Tem Price iron ore and MN — Mount Newman iron ore (Porath and Chamalaun, 1368), BR — Black Range dyke an;
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