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Abstract

The Para Fault, a neotectonic structure underlying metropolitan Adelaide, poses a seismic
hazard in a densely urbanised setting. However, its subsurface geometry and long-term
(Miocene—Holocene) slip history remain poorly constrained. We integrate borehole
stratigraphy, lithological correlations, and a supervised machine learning (ML) classifier to
improve fault characterisation. A manual profile across an eastern splay shows a vertical
offset of approximately 57 m at the top of the Port Willunga Formation and approximately
12.6 m at the top of the Hindmarsh Clay, consistent with reverse kinematics and uplift of the
eastern block. To address variability within the borehole log archive, we trained an ML
workflow to assign stratigraphic units from lithological descriptions. The classifier matched
original stratigraphic labels with approximately 75% accuracy when spatial and depth/
thickness features were included, enabling regional-scale standardisation. These enhanced
datasets provide consistent inputs and control points for 3D geological modelling to refine
fault geometry and constrain long-term slip history. The workflow is readily transferable for
similar stable continental regions.

Keywords: Para Fault, neotectonics, seismic hazard, borehole stratigraphy, machine
learning, 3D modelling

1. Introduction

Stable continental regions (SCRs), including Australia, present unique challenges for seismic
hazard assessment. Unlike plate boundaries where frequent, large-magnitude earthquakes
provide abundant data, SCRs are characterised by long earthquake recurrence intervals that
frequently exceed historical and instrumental observation windows (Allen et al., 2020). As a
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result, available catalogues under-sample the full range of possible events, increasing
epistemic uncertainty in both source characterisation and ground-motion prediction,
especially where strong-motion recordings from moderate-to-large earthquakes are limited
(Allen et al., 2020; Griffin et al., 2016).

Within Australia, the Adelaide region is a key intraplate setting with damaging historical
earthquakes (e.g., 1954 Adelaide, M 5.4) and active, range-bounding reverse faults within
the Flinders and Mount Lofty Ranges (Greenhalgh et al., 1994; Leonard, 2008; Quigley et al.,
2006; McCue, 2012). Faults with Quaternary displacement traverse the metropolitan area
(Figure 1; Clark & McPherson, 2011; Preiss, 2019). Although the 1954 earthquake is
commonly attributed to the Eden-Burnside Fault, its reverse mechanism and regional
structural context allow an interpretation of a source deeper within the crust, and its
attribution remains uncertain (Martin et al., 2022).
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Figure 1: Metropolitan Adelaide study area showing mapped traces of the Para, Hope Valley, and Eden—Burnside
Faults. Adapted from Geoscience Australia’s Neotectonic Features Database; edited for clarity

The Para Fault is of particular concern because it underlies greater Adelaide and is
associated with a prominent Quaternary scarp (Clark& McPherson, 2011). Despite its
proximity to a major population centre, key parameters including its geometry, slip rate, and
maximum credible magnitude remain weakly constrained. This uncertainty propagates into
regional models such as the National Seismic Hazard Assessment (NSHA), which depend on
accurate fault characterisation to forecast future ground shaking (Griffin et al., 2016). As
Preiss (2019) notes, faults in the Adelaide region are mostly overlapped by Late Pleistocene
alluvial fans and therefore are not exposed at the surface. Their positions are inferred from
geomorphic and geophysical data, compounding uncertainty.

To reconstruct the neotectonic history of these faults, a clear stratigraphic framework is
necessary. The oldest regionally mappable unit discussed in this paper is the Late Eocene to
Miocene Port Willunga Formation. This shallow to marginal-marine is the lowest Cainozoic
unit intersected in many Adelaide Plains boreholes. It is locally overlain by the Pliocene
Hallett Cove Sandstone and, following marine regression, by the Early Pleistocene
Carisbrooke Sand, a terrestrial fluvial deposit marking the transition to non-marine conditions
(Selby & Lindsay, 1982; Sheard & Bowman, 1996). Subsequent uplift of the Mount Lofty
Ranges produced a thick Pleistocene terrestrial sequence dominated by the Hindmarsh Clay,
later partly eroded and overlain by the Keswick Clay. The succession is capped by the Late
Pleistocene Pooraka Formation, and by Holocene alluvium in modern drainage corridors
(Selby & Lindsay, 1982; Sheard & Bowman, 1996).

These units provide marker horizons that can be used to document stratigraphic offsets
across the Para Fault. For example, borehole correlations indicate approximately 27m of
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displacement of the Late Pleistocene Pooraka Formation (Clark & McPherson, 2011; Sheard
& Bowman, 1996). However, the metropolitan borehole archive was compiled largely for
engineering geological and hydrogeological purposes over several decades (1920s—2020s)
by various organisations. As a result, logging is heterogeneous: stratigraphic names are
inconsistent, terminology used to describe lithology varies, and many boreholes lack formal
unit assignments. This hinders regional-scale correlation.

Here we combine traditional borehole-to-borehole correlation with machine-learning (ML)-
based stratigraphic standardisation to: (i) document offsets, truncations/omissions,
repetitions, and thickness changes across the Para Fault; (ii) generate robust control points
for 3D structural modelling; and (iii) advance constraints on long-term displacement. By
standardising stratigraphic labels across the dataset, we deliver a quantitative basis for
subsequent 3D modelling and, ultimately, improved hazard inputs for metropolitan Adelaide.

2. Methodology

Our workflow comprises four stages: (i) data acquisition and preparation; (ii) borehole cross-
profile analysis; (iii) ML-based stratigraphic standardisation; and (iv) preparation of 3D
model-ready inputs for future structural modelling. Spatial data are in GDA2020 / MGA Zone
54; elevations are reported in meters relative to Australian Height Datum (m AHD).

2.1.  Borehole archive and challenges

We compiled boreholes primarily from the South Australian Resources Information Gateway
(SARIG), supplemented by site-specific investigations (e.g., the Royal Adelaide Hospital
site). Heterogeneity in logging introduces correlation challenges: many boreholes lack formal
stratigraphic names, and lithological descriptions vary in terminology, resolution, and format.
For example, Hindmarsh Clay is variously recorded as ‘clay,’ ‘silty clay,” or ‘grey mottled clay’.
Although such variability is characteristic of the unit, the frequent use of generic descriptors
(e.g., “clay”) hinders regional correlation and limits direct use of borehole data for 3D
modelling.

Only a small subset of boreholes retains core or core photographs, so our analysis relies
mainly on lithological logs, with core inspection considered for validation and refinement. We
canonicalised stratigraphic labels to a consistent unit set and standardised collars to m AHD.
Interval depths were converted to top and base elevations by subtracting logged depths from
the collar elevation, enabling comparison across boreholes with different surface levels.

2.2.  Cross-profile construction (Case study: Boreholes 55014 and 55032)

We imported the mapped Para Fault trace from the Neotectonic Features Database, and
approximately 970 boreholes (including around 360 with assigned stratigraphic units) into
QGIS and built profiles intersecting the fault splays. Figure 2 shows the borehole distribution
and highlights the location of the 55014-55032 cross-profile. The pair is one of the few
borehole combinations across the eastern splay that are relatively close together and
preserve clear, correlatable stratigraphic horizons with measurable offsets. Therefore, the
55014-55032 pair is presented as representative control across the eastern splay for
subsequent modelling, while additional profiles to be developed as workflow progresses. For
each profile we: (i) aligned stratigraphic hierarchies; (ii) measured vertical offsets at key
horizons; and (iii) assessed thickness variations, truncations, and omissions. While this
approach is effective for documenting local-scale relationships, it is time-intensive and
feasible only for a limited number of boreholes.
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2.3.  Machine learning workflow for stratigraphic standardisation

To extend correlation beyond a limited number of manually logged profiles, we implemented
a supervised ML classifier to assign stratigraphic units from lithological descriptions. The
workflow was staged: the text encoder and classifier were kept constant across stages, and
numeric features, including coordinates, depth and thickness, were added stepwise to
evaluate their contribution.

Data curation. Depth intervals were retained only where lithology text and stratigraphic
labels co-occurred. Unit names were canonicalised to a consistent set.

Features.

* Text (Used in all stages): lithology descriptions vectorised using term frequency—
inverse document frequency (TF—IDF).

* Numeric additions (added in stages):
1. Baseline: text only
2. Coordinates: Easting, Northing

3. Coordinates + depth features: Easting, Northing, mid-interval depth (midpoint
of each logged lithology interval), interval thickness

Model and training. All stages used the same classifier (Random Forest) in a scikit-learn
Pipeline. A ColumnTransformer applied TF—IDF to text and scaling to numeric columns. An
80/20 interval-level hold-out split was used.

Evaluation. Accuracy, macro-F1, and weighted-F1 were computed on the test set. Accuracy
measures the proportion of intervals where the predicted unit matches the original logged
unit. Macro-F1 averages precision and recall equally across all units, whereas weighted-F1
accounts for class imbalance by weighting units according to their frequency. Unit-level
precision, recall, and F1 scores were used to differentiate well-defined marker horizons from
units that are commonly confused.

2.4.  Preparation of 3D modelling inputs (Framework)

The standardised borehole datasets will be prepared for export as 3D model-ready inputs for
structural modelling. This step is included here as part of the overall methodological
framework, although full model construction is beyond the scope of this paper.

AEES National Conference 4



The preparation process involves three main file types: (i) location and deviation files
containing ground coordinates, surface elevations, and borehole trajectories; (ii) stratigraphic
log files in ASCII format recording depth intervals against lithological or stratigraphic units;
and (iii) well tops files documenting formation names and the corresponding top depths.

These standardised inputs will provide the foundation for constructing stratigraphic surfaces
and fault planes within a 3D environment, ultimately supporting the quantification of offsets,
reconstruction of displacement histories, and refinement of Para Fault geometry in future
work. An overview of this framework is presented in Figure 3, illustrating how the
components described above integrate into a unified workflow for characterising the Para
Fault.
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Figure 3: Workflow framework for subsurface characterization of the Para Fault. The pipeline
integrates (i) data acquisition and preparation, (ii) borehole-based analysis, (iii) machine learning
classification, and (iv) preparation for future 3D geological modelling and hazard applications. The 3D
modelling step and outputs are presented as a framework for future work.

This section presents: (i) borehole-based stratigraphic offsets across a Para Fault splay; (ii)
ML classification performance and unit-level behaviour; and (iii) implications for 3D structural
modelling constraints.

3.1.  Borehole-based fault analysis (Case study: Boreholes 55014 and 55032)

Manual correlation of boreholes 55014 (west) and 55032 (east) reveals east-side-up
displacement (Table 1; Figure 4). The top of the Port Willunga Formation lies at -81.8 m AHD
in borehole 55014 and at —24.8 m AHD in borehole 55032, giving a vertical offset of 57 m
(east up). The top of the Hindmarsh Clay occurs at -3.8 m AHD (borehole 55014) and at
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+8.8 m AHD (borehole 55032), an offset of 12.6 m; the base of the Hindmarsh Clay differs by
40.6 m (Table1). These metrics are consistent with an upthrown hanging wall eastern block,
in agreement with regional reverse kinematics (Clark, 2010; Preiss, 2019).

Variations in the thicknesses across the fault is shown in Table2. Borehole 55014 preserves
the Miocene—Pleistocene succession, whereas several key horizons are truncated or absent
in borehole 55032. The Hindmarsh Clay is approximately 61.5 m thick in borehole 55014
(10.7 m to 72.2 m depth) but approximately 33.6 m thick in borehole 55032 (1.5 m to 35.05 m
depth). The approximately 10 m thick Pooraka Formation is present only in borehole 55014
whilst approximately 1.5 m of undifferentiated Quaternary material is found only in borehole
55032.

The combination of vertical offsets, unit truncations, and eastward thinning of Quaternary
cover materials indicates uplift and potential tilting of the eastern block. The observed
stratigraphic variations may result from one or a combination of reduced accommodation
space, non-deposition, and/or erosion. This pattern is consistent with hydrogeological
observations in metropolitan Adelaide (Gerges, 2006).
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Figure 4: Stratigraphic comparison across the mapped Para Fault between boreholes 55014
(W) and 55032 (E). Columns are plotted against AHD elevation to show true vertical offsets;
Ta bhorizonta/ axis shows plan-view distance (0—877 m).

Horizon Eleva(tin?gdi-rl]DS)SOM Eleva(“r;’RED5)5032 Vertical offset (m) | Sense of motion
Top of Hindmarsh Clav -3.8 +8.8 ~12.6 East block up
Base of Hindmarsh Clav -65.3 -24.8 ~40.6
Top of Port Willunga 818 048 ~57.0
Formation
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Table 2: Unit thicknesses along the 565014-55032 profile.

Unit 55014 thickness (m) 55032 thickness (m)
Man-made materials 0.5 —
Undifferentiated Quaternary — 1.5
Pooraka Formation ~10.2 —
Hindmarsh Clav ~61.5 ~33.6
Hallett Cove Sandstone ~13.1 —
Undifferentiated Sand (1) ~3.4 —

(1) The approximately 3.4 m sand unit underlying the Hallett Cove Sandstone in borehole
55014 is left unassigned in this study. Although archive logs labelled this interval as
Dry Creek Sand, such a correlation is not supported because the Dry Creek Sand
and Hallett Cove Sandstone are lateral equivalents in different parts of the Adelaide
Plains rather than vertically superposed units. The interval may represent a less
lithified variant of the Hallett Cove Sandstone or an older (Eocene—Miocene) sand;
without core or fossil evidence, its age remains uncertain.

3.2.  Machine learning classification performance and stratigraphic consistency

Across approximately 360 boreholes, the text-only baseline achieved an accuracy of 0.69,
with a macro-averaged F1 of 0.59 and a weighted F1 of 0.66. Adding Easting/Northing
modestly improved performance (0.70 / 0.60 / 0.68). Including depth/thickness features
yielded the best results (0.75/0.66 / 0.73), as shown in Table 3.

Performance varied across units as shown in Figure 5. Distinctive marker horizons such as
Hindmarsh Clay (recall 0.87-0.89) and Port Willunga Formation (recall 1.00; precision 0.83—
1.00) were predicted with high reliability. In contrast, formations with overlapping lithological
descriptors (e.g., Keswick Clay) showed lower precision and recall. The workflow thus
standardised hundreds of legacy lithology-only logs into a consistent stratigraphic dataset
suitable for regional correlation and 3D geological modelling.

Table 3: ML performance by feature set (test split).

Feature set Accuracy Macro F1 Weighted F1
Text only (TF-IDF + RF) 0.69 0.59 0.66
Text + coordinates 0.70 0.60 0.68
Text + coordinates + depth/
thickness features 0.75 0.66 0.73
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Top 12 stratigraphic units by support (test set)
(B) Text + coordinates + depth/thickness constraints (row-normalised)

1.0

(A) Text only (row-normalised)
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Figure 5: Confusion matrices comparing (A) text-only baseline and (B) full feature-augmented model. Incorporating spatial
and depth/thickness features improves classification of distinctive stratigraphic markers.
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consistent formation tops across boreholes. Together, these results define initial surfaces and

fault-bounded geometries for 3D modelling.

4. Discussions

Measured vertical offsets across the 55014-55032 profile, approximately 57 m at the top of
the Port Willunga Formation and around 12.6 m (at the top) / 40.6 m (at the base) for the
Hindmarsh Clay, together with unit truncations and westward thickening, indicate sustained
reverse motion and uplift of the eastern block. These borehole-based constraints are
consistent with regional reverse kinematics and with previously reported Quaternary offsets

in the Adelaide region, while extending quantitative control into older Cenozoic units.

The ML standardisation adds regional reach rather than replacing careful manual correlation.
High recall for distinctive marker units (e.g., Hindmarsh Clay, Port Willunga Formation)
supports its use to propagate formation tops between sparse control points, whereas
confusion among lithologically similar units (e.g., Keswick Clay) motivate cautious
interpretation and targeted review. In this context, the ML outputs supply dense, internally
consistent control for subsequent 3D modelling, while manual cross-sections provide ground

truth for key horizons and sense of motion.
Uncertainty is dominated by poor quality of borehole logging over several decades and by
incomplete recording of geological data. Many boreholes were drilled for engineering
geological or hydrogeological purposes, by different entities, using non-standard terminology,
and generic description of lithologies that cannot reliably separate key units; this introduces
label noise and contributes to class imbalance. Borehole coverage is also uneven, both in
terms of horizontal spatial distribution and depth penetration.
To manage these effects, we treat ambiguous intervals conservatively, apply probability-
based confidence thresholds so low-confidence predictions trigger manual review, and
expand the stratigraphic codebook to develop a more reliable relabelling set. These
refinements to the ML workflow come first, as they determine the quality of the formation-top
inputs. Next steps are to propagate pick confidence and borehole-density weighting into
software-ready inputs, build the 3D model and validate its surfaces, and incorporate
additional datasets where available such as newly released site investigations in

undersampled areas to reduce structural ambiguity.
8
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5. Conclusions

We integrated cross-profile correlation with an ML stratigraphic standardisation workflow to
reconcile a highly variable Adelaide borehole archive and map fault indicators across the
Para Fault. Between boreholes 55014 (west) and 55032 (east), vertical separations of
approximately 57 m at the top of the Port Willunga Formation, and approximately 12.6 m
(top) and 40.6 m (base) of the Hindmarsh Clay were measured indicating an upthrown and
tilted eastern block. The TF—IDF plus Random Forest classifier reached accuracy of up to
75% with spatial and depth features and recovered marker units with high recall, enabling
reproducible regional correlation. These outputs provided hard constraints for a 3D structural
model to refine fault geometry and displacement histories. Key uncertainties included
description noise and incomplete borehole coverage. We reduced these through an
expanded stratigraphic codebook, group-wise spatial validation, and targeted new data, with
results directly informing probabilistic hazard frameworks such as the NSHA.
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