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Introduction

The Huckitta region study area in central Australia (Fig. 1) occupies the boundary zone
between highly deformed, predominantly Mesoproterozoic crystalline basement of the
Arunta Province and unmetamorphosed Neoproterozoic to Paleozoic sedimentary cover
rocks of the Georgina Basin (Freeman, 1986).

The southeastern Arunta Province experienced strong ductile deformation, including the
development of recumbent, basement-involved, thrust nappes, during the mid-Paleozoic
Alice Springs intraplate orogeny (e.g. Dunlap et al., 1995).

In the Huckitta region, in contrast, deformation was characterized by basement block
uplift on high-angle reverse faults, forming an array of predominantly north-northwest-
trending, west-up, reverse faults, with east-northeast-trending, south-up, cross faults.

Reverse faults, including the Oomoolmilla Fault, the Lucy Creek Fault, and the Mount
Playford Fault, appear to have developed by reactivation and structural inversion of pre-
ex1isting Neoproterozoic rift-bounding normal faults.
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Structural History of the Huckitta Region

There are a minimum of 5 phases of deformation recorded in Neoproterozoic and lower
Paleozoic sedimentary cover rocks in the Huckitta region (Fig. 2).

Phase 1: Neoproterozoic rifting
NW- and ENE-trending normal faults

Phase 2: N-S Contractional deformation
E-W-trending folds and thrust faults

Phase 3: NE-SW Contractional deformation
NW-trending folds and thrust faults

Phase 4: Reverse faulting and block uplift
High-angle faults and monoclinal folds

Phase 5: Right-lateral strike-slip faulting
Late brittle deformation

All Paleozoic deformation in the Huckitta region is syn- or post-Devonian in age and
thus related to the Alice Springs Orogeny, with the possible exception of early N-S con-
tractional deformation.

No structural evidence for the Ordovician Larapinta Event was identified in Paleo-
zoic rocks 1n the Huckitta region. This 1s quite remarkable, given the extremely rapid sub-
sidence, metamorphism, and uplift proposed for essentially coeval rocks of the Harts
Range Group exposed less than 10 km to the south (Hand et al., 1999; Scrimgeour and
Raith, 2001; Maidment, 2003) [See adjacent poster] . This suggests that the Delny shear
zone that separates these rocks 1s a fundamental tectonic boundary in the region.

Reactivation of pre-existing basement faults 1s an important control on structural
development 1n the Huckitta region. Tectonic inversion of Neoproterozoic rift-bounding
normal faults during the mid-Paleozoic Alice Springs orogeny has resulted in the devel-
opment of high-angle reverse faults and basement block uplifts along the present southern
margin of the Georgina Basin.
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Figure 3. Aerial Photograph of the Oomoolmilla Fault Zone,
showing Neoproterozoic rift facies rocks of the Oorabra Arkose
preserved in the hanging wall.

Oomoolmilla Fault

The Oomoolmilla Fault 1s 25 km 1n length, strikes N70E and dips
70 degrees to the south (Fig. 2). Footwall strata adjacent to the fault
are vertical to overturned.

The fault juxtaposes Mesoproterozoic crystalline basement on the
southeast against Cambrian carbonate rocks on the northwest, with
a minimum south-up vertical offset of 1400 m (Fig. 4).

The south-up stratigraphic offset combined with the south dip of the
fault zone and the folding of adjacent units all indicate reverse
displacment. Folding associated with fault offset affects early to late
Devonian rocks 1n the Dulcie syncline (Fig. 2), indicating that
reverse displacement 1s syn- or post-Devonian.

Oorabra Arkose

Spectacular cobble to boulder conglomerates of the Neoproterozoic
Oorabra Arkose are exposed in the hanging-wall block adjacent to
the Oomoolmilla Fault (Figures 4 and 5). This unit contains distinc-
tive clasts up to 1.5 m in diameter that are derived from the adjacent
granitic basement (Freeman, 1986) The Oorabra Arkose and under-
lying Mount Cornish Formation are thickest adjacent to the
Oomoolmilla Fault (>500 m?), and thin southeastward to pinch out
beneath the overlying Elyuah Fm.

The Oorabra Arkose 1s preferentially preserved in the core of the
Elua Syncline, which 1s itself refolded and truncated by the
Oomoolmilla Fault. To the east the arkose and overlying Paleozoic
sedimentary units were removed by erosion of the uplifted
hangingwall block, and only small down-dragged lenses are pre-
served adjacent to the fault.

Discussion/Interpretation

The Oorabra Arkose was deposited at about 600 Ma , and 1s 1nter-
preted as glacial outwash sediments deposited in half-grabens
(Freeman, 1986; Walter and Veevers, 2000). In the Huckitta region
the Oorabra Arkose 1s present only locally, and always in associa-
tion with steeply-dipping faults. The Oorabra Arkose forms a north-
ward-thickening wedge of very coarse clastic sediments localized 1n
the hangingwall adjacent to the Oomoolmilla Fault.

These relations suggest that the Oorabra Arkose was originally
deposited adjacent to a southeast-down, rift-bounding normal fault
in the position of the present Oomoolmilla Fault. A southeast-
dipping normal fault would be appropriately oriented for reactiva-
tion as the presently observed southeast-up reverse fault.
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Figure 2. Geologic Map of the Huckitta Region, showing the location of reverse faults and block uplifts.
Modified from Freeman (1986).
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Figure 4. Cross section through the Oomoolmilla Fault, Figure 8. Cross section through the north-
showing Oorabra Arkose preserved in the hanging wall. ern Jervois Range, illustrating the Lucy
Creek and Mount Playford reverse faults.
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Figure 5. Coarse conglomerates of the

Oorabra Arkose.
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Figure 9. Model for the formation of reverse faults in the
Huckitta region. Reverse faults (e.g. Oomoolmilla and Lucy
Creek Faults) initially form at a steep angle due to reactiva-
tion of the steeply-dipping portion of a listric normal fault.
Footwall shortcut faults (e.g. Mount Playford Fault) may form
e e R e T T O Y subsequently as splays that branch from the old fault and
Figure 7. Monocline in Cambrian strata form new, lower angle thrusts (after Bump, 2003).

adjacent to the Lucy Creek Fault.
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Figure 6. Landsat image showing the truncation of the
Jervois Range by the Lucy Creek and Mount Playford
Faults, and the trace of the Lucy Creek Fault southeast
to the Mount Cornish area.

Lucy Creek-Mount Playford Fault System

The paired Lucy Creek and Mount Playford faults strike
N30W and dip steeply to the west, with a strike length of
greater than 45 km (Fig. 2). The faults sharply truncate the
northeast-trending Jervois Range (Fig. 6), where they have a
combined west-up reverse offset of 2600 m (Fig. 8).

Prominent monoclinal folds are locally developed in Cambri-
an strata adjacent to the faults (Fig. 7). Northward the two
faults merge and displacement dies out into the Georgina
Basin.

Brecciated quartz veins intruded into the fault zone, and a
prominent acromagnetic anomaly, allow the Lucy Creek fault
to be traced southward to the Mount Cornish area (Fig. 6). At
Mount Cornish, however, Neoproterozoic rift facies rocks of
the Yackah and Mount Cornish formations are juxtaposed
against Mesoproterozoic crystalline basement to the east, indi-
cating west-down normal offset.

This apparent reversal of displacement can be explained as a
consequence of reactivation of a pre-existing normal fault
(Fig. 9). Neoproterozoic syn-rift sediments in the Mount Cor-
nish area preserve a record of early west-down extensional
faulting, whereas post-rifting strata in the Jervois Range
record only mid-Paleozoic reverse displacement.

Taken together, these structural relations are interpreted to
indicate that the Lucy Creek fault formed by mid-Paleozoic
reactivation of a Neoproterozoic, rift-bounding normal fault.

The younger Mount Playford fault likely formed as a footwall
shortcut off the Lucy Creek fault during compressional inver-
sion of the upward-steepening normal fault.

Conclusions and Speculations

1. In the Huckitta region of central Australia, the mid-Paleozoic Alice Springs
intraplate orogeny was characterized by basement block uplift on high-angle
reverse faults.

2. Reverse faults developed by reactivation and structural inversion of previous
rift-bounding normal faults formed during Neoproterozoic extension.

3. Fault-bounded, basement-cored uplifts formed by inversion of extensional fault
systems have been described 1n other regions of intraplate cratonic deformation,
most notably the Ancestral Rocky Mountain and Laramide orogenies in the west-
ern U.S. (e.g. Marshak et al., 2000). This style of deformation may be character-
istic of intraplate orogeny 1n cratonic settings.
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Figure 10. Reconstruction of the Proterozoic supercontinent
Rodinia placing Australia adjacent to the western U.S. Huckitta
region study area is close to rifted continental margin, and on
trend of major northwest-striking transform faults.

Figure modified from Karlstrom et al. (1999).

4. Whereas contractional inversion in Australia and the western U.S. was
diachronous and related to local tectonic conditions, the extensional fault sys-
tems that were reactivated may be largely synchronous, formed as Australia
and North America were rifted apart during the Neoproterozoic breakup of

Rodinia (Fig. 10).

Recent reconstructions of Rodina using the AUSWUS (Australia-Southwest
U.S) model (Brookfield, 1993; Karlstrom et al., 1999) place Australia adja-
cent to the U.S. Cordillera during the Mesoproterozoic. The Neoproterozoic
break-up of Rodinia resulted in rifting and extensional basins developing on
both continents.

Normal faults formed during this protracted phase of Neoproterozoic rifting
were reactivated during subsequent intraplate deformation, driven by far-field
stresses associated with local tectonic conditions specific to each continent.

Thus, structures developed during the mid-Paleozoic Alice Springs intraplate
orogeny 1n the Huckitta region, and during the Pennsylvanian Ancestral
Rocky Mountain and Cretaceous to Eocene Laramide intraplate orogenies in
the U.S., may all be fundamentally related to the Neoproterozoic break-up of
Rodinia.
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