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Abstract

Outcrops of the Neoproterozoic Callanna Group (~850-800 Ma) comprise an assemblage of brecciated rocks throughout the northern Flinders
Ranges and the eastern Willouran Ranges, South Australia, and represent salt bodies in which the evaporite is now absent. Using field
relationships and stereonet analysis, we demonstrate that the breccia bodies formed both steep diapirs and subhorizontal salt sheets. The
geometries of Callanna Group breccia and adjacent and subjacent strata are used to define new models of allochthonous salt initiation and to
test existing models of allochthonous salt advance, many of which were derived from seismic and well data in the northern Gulf of Mexico. We
present twelve examples of steep to low-angle transitions: half represent the initial emplacement of allochthonous salt from primary diapirs and
the other half-represent ramp to flat transitions within multi-level canopies. Variable stratal geometries adjacent to steep salt include (1)
minibasin-scale folding, (2) tabular and tapered composite halokinetic sequences and (3) unfolded strata, whereas strata beneath base-salt flats
of subhorizontal salt sheets are always undeformed. Half of the steep salt bodies have preserved roof strata that are 160 to 1,200m wide and
100 to 480m thick, steeply truncated and overlain by shallowly-dipping allochthonous breccia, whereas the other half have no preserved roof
strata. We suggest two models to explain the transition from steep diapirs to subhorizontal salt: salt-top breakout and salt-edge breakout. Both
models involve piston-like rise of a diapir, which variably decapitates overlying roof strata, with top-salt breakout occurring inboard of the salt
flank, thereby preserving a flap of roof, and salt-edge breakout occurring at the steep salt margin. The majority of our examples of
allochthonous salt that initiate from primary diapirs display salt-top breakout, whereas most ramp to flat transitions exhibit salt-edge breakout.
In all cases, post-breakout, low-angle salt advance was accomplished by thrust advance or extrusive or open-toed advance, with no evidence for
subsalt thrust-imbricates, basal shear or rubble zones. While key differences exist between South Australia and the northern Gulf of Mexico,
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including evaporite-layer composition, depositional environment and extent of allochthonous salt, the lessons learned from the study of South
Australia outcrops complement the data derived from seismic and well data in deepwater settings.
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Objectives

 Test models of allochthonous salt breakout and emplacement

« Examine the transition between steeply dipping salt to shallowly
dipping salt

« New combined model for allochthonous salt initiation and advance

Northern Gulf of Mexico
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Allochthonous salt advance models

Slumped Carapace
(McGuinness & Hossack, 1993)

Salt Glacier (with or without roof)
(Fletcher et al., 1995)

Basal Shear
(Harrison & Patton, 1995; Harrison et al., 2004)

Thrust Advance
(Jackson & Hudec, 2004; Hudec & Jackson, 2009)

BEFORE SHORTENING
Undeformed salt flat




Advance VS. Initiation

Transition from primary or
secondary feeder to shallowly
dipping allochthonous salt

Advance of allochthonous salt
along ramp/flat trajectories

A Extrusive advance
Surface bulge above feeder
Salt extrusion

-Sclllumhurger ©2013 Schlumberger

B Open-toed advance

Minibasin Extrusive toe

: . S —— =
*""’J—ﬂ%ﬁ?’ ——— -4—1':'/—, ::’ o ———

——— —
S salt diapir S -&;_},{\_%

Thrust separates
roof from peripheral
sediments

Hudec & Jackson (2009) Hearon et al. (2014)



Adelaide Fold Belt, South Australia
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Callanna Group
Breccia

Brecciated assemblage of carbonate,
siliciclastic and metaigneous rocks in meter %
to km-scale blocks = diapiric breccia :

Salt no longer present at surface
Pseudomorphed evaporite minerals
Flanking growth strata

Delineates diapirs, salt welds, remnant
allochthonous salt canopies

Classified as a Layered Evaporite Sequence




2D Map View In South Australia

Need to understand 3D relationships
Pinda diapir (map)

Nww

| Geologic Map of the Pinda Springs Reserve

condensed drape-fold
roof strata monocline

diapir

plane of
diapir face

plane of
minibasin
halokinetic fold axis strata @




Minibasin-scale folding
Primary diapir example

Rem. canopy Preserved roof

Ok\i\Moun
North:West
Homes‘te\\a\q

* Megaflap at transition
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« Subparallel strata beneath flat

Hearon et al. (2014)




Composite Halokinetic Sequences
Ramp-to-flat example

Patawarta diapir (map)

1'%Km

» Tapered CHS
 Truncated roof at transition

« Subparallel strata beneath flat

Hearon et al. (in press)



Composite Halokinetic Sequences

Secondary diapir > allo sheet example
Plnda diapir (map)
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Unfolded Strata
High-angle stratal truncations

Eastern Willouran Ranges

salt weld E bso

salt weld D i

Ram diapir

Willawalpa
diapir

High angle truncations > salt flat



Summary Of Data Eastern

Willouran Ranges
X e

A

~ [‘
va‘:‘tb 4

2 km

13 examples of sharp transitions
— Abrupt dip changes: 60° - 138°

Presence and style of folding irrelevant
— Megaflap, composite halokinetic
sequences (CHS) & unfolded strata
at transition

Patawarta diapir

54% have roof: 46% do not

BOS flats lack folds

Absence of basal shear, thrust faults
or rubble zones; rare MTCs

Hearon et al. (in press)



New models for allochthonous
salt initiation and breakout

SALT-TOP Partially
BREAKOUT decapitated
drape fold
SALT-EDGE FuI_Iy
BREAKOUT A decapitated
drape fold
SALT-EDGE Long-lived
BREAKOUT B Fault contact

« Explains variety of stratal truncations at diapir-allo salt transition

Hearon et al. (in press)



South Australia vsS. Northern GoM

Failed rift Passive margln

(E) 149 Ma-Tithonian, sea-floor spreading (F) Present
— T
S

100-250 km
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Salt-restoration
lines | ¥ 7\ Salt restoration
3 lines

Shallow water environment Predom. deepwater environment
Thlnner roof dlssolutlon Thicker roof rare dlssolutlon

isochron




Despite the differences...
GOM Seismic Analogues

SALT-EDGE BREAKOUT SALT-TOP BREAKOUT
13 Schlumberger

minibasin

—

salt sheet

autochthonou
T — ——
.

-— utochthon_ous salt 753'3_

e

Hearon et al. (in press)



Northern GoM Rubble Zones

75% of wells examined

(Kilby et al., 2008)

Orange et al. (2004)

Why no rubble in South Australia?

Thin roof (or lack of roof)
— Shallow water to subaerial depositional setting

Dissolution
— EXxposure of salt without a roof

Lower relief
— Rare debris flow deposits in BOS strata



Advance VS.

Advance of allochthonous salt
along ramp/flat trajectories

A Extrusive advance
Surface bulge above feeder
Z Salt extrusion

) (.

Source layer

B Open-toed advance
Minibasin Extrusive toe

Thrust separates
roof from peripheral
sediments

No evidence of basal shear, thrust faults or rubble
zone along BOS in South Australia
Hudec & Jackson (2009)

Initiation

Transition from primary or
secondary feeder to shallowly
dipping allochthonous salt

SALT-TOP BREAKOUT

SALT-EDGE BREAKOUT

Partially to fully decapitated drape fold;
Long lived fault contact
Hearon et al. (in press)



Allochthonous salt conclusions

Test models of allochthonous salt breakout and emplacement...

Allochthonous salt breakout is abrupt; piston-like breakthrough of roof
No correlation between presence/style of folding and breakout

Geometry and process of allochthonous salt initiation similar between SA &
GOM

Two new allochthonous salt initiation/breakout models

Salt evolution

— Better understanding of processes involved during transition from steep
diapirs to shallowly-dipping allochthonous salt

Range of geometries

— Megaflap, composite halokinetic sequences (CHS) & unfolded strata
present at transition from diapirs and allochthonous salt





