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ABSTRACT

The evolution of Earth’s crust is a complex four-dimensional framework. Tectonic plate
reconstruction models aim to constrain the global positions and movements of plates
through Earth’s history. These models are vital for understanding various Earth
processes, theories and phenomenon. Models for relatively recent geological time are
well-constrained, however, the further back in time we aim to reconstruct, the more
uncertainty arises in models produced. This causes models for the same point in time to
have differing configuration hypotheses. Further methods are hence needed to improve
and validate proposed models. This study makes use of a vast global geochemical
database with over one million samples. Data is grouped into pre-defined geological
provinces. Data is normalised based on the type of province it falls into, in terms of its
tectonic setting. Province trace geochemical data is then statistically analysed and
compared to other provinces in order to determine conjugate province pairs.
Reconstructions of Pangea are used to determine known province pairs. Trace
geochemistry trends are then assessed across these known pairs via hypothesis testing,
yielding a p-value test statistic signifying similarity between province geochemistry.
Unrelated province geochemistry is also assessed as a control case for which p-values
are also determined. P-value thresholds are defined for each trace element. Hypothesis
testing between two provinces geochemistry yielding a p-value higher than this
threshold signifies a geochemical similarity between provinces unique to conjugate
pairs. Using this method, conjugate province pairs for the North China Craton during
the Paleoproterozoic are identified. The results from these tests have implications for
the configuration of the supercontinent Nuna. Ultimately, the methods employed in this
study emphasise the importance of geochemical data in constraining the configuration
of continental blocks within past supercontinents and hence plate reconstruction models.
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INTRODUCTION AND BACKGROUND

Tectonic plate reconstructions yield insights into past configurations of the Earth’s
continental crust. Reconstruction models are created by using multiple types of
geological data and observations, both quantitative and qualitative, which are usually
sourced from large dataset compilations (Cawood et al., 2006; Domeier & Torsvik,
2014; Schiffer et al., 2015). Collaboration from several disciplines in Earth science is
generally needed. These models are vital for understanding the geodynamics and
kinematics of Earth’s tectonic plates through time and are relevant to all fields of
geological and geophysical studies in a global context (Evans et al., 2016; Merdith et
al., 2017).

Reconstructing past plate configurations is especially relevant to the theory of the
supercontinent cycle. This is the theory that continental land mass on Earth experiences
quasi-cycles of amalgamation, shared stability and dispersal which has punctuated
Earth’s history since the onset of plate tectonics (Condie, 2002; Rogers & Santosh,
2003; Yoshida & Santosh, 2011). A supercontinent will remain together until there is a
perturbation in the stability of the continent, causing it to break-apart and rift. A vast
amount of research has gone into reconstructing tectonic plates and assessing their
implications for the assembly and breakup of supercontinents through time.

Much research has been conducted into plate reconstruction. The most recent
supercontinent, Pangea, has a configuration that is relatively well constrained (Verard,
2019). This is due to the abundance of proxies in geological observations which allow
us to reconstruct this supercontinent. However, supercontinents further back in
geological time is harder to model due to uncertainties in observations and lack of

critical data (Evans, 2013). This results in reconstruction models in the older Earth to
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have various differing configuration hypotheses (Nance et al., 2014). For example, the
supercontinent Rodinia has several main configuration hypotheses for the connection
between the Laurentian and Australian continents (Salminen, 2009). Conjugate margins
(defined as continental margins which were once together at some point in time during
the amalgamation of a supercontinent) are poorly understood between these two land
masses due to multiple propositions for their relative positions during this time. As

such, the exact geography of the Rodinia supercontinent is uncertain (Figure 1).

Figure 1: The 4 main hypotheses for the connection between Australia, East Antarctica and
Laurentia during the assembly of the supercontinent Rodinia in the Proterozoic: a) SWEAT (South
Western U.S. with East Antarctica) model (Dalziel, 1997; Hoffman, 1991; Moores, 1991), b)
AUSWUS (Australia with south western U.S.) model (Brookfield, 1993; Burrett & Berry, 2000;
Karlstrom et al., 1999), ¢) AUSMEX (Australia with Mexico) model (Wingate & Giddings, 2000)
and d) “The missing link” (South China between Laurentia and Australia) model (Li et al., 2008; Li
et al., 1995).

The aims of this project is to determine whether province-scale geochemical
concentrations can be used to accurately identify conjugate terranes, which has
applications in validating or improving tectonic reconstructions. It is postulated that
conjugate provinces share similar trends in trace element geochemistry, such that when

trace element distributions are compared through hypothesis testing, the test statistic
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returns a statistically significant result. Age distributions for these provinces should also
significantly match. If indeed conjugate province pass statistical tests, then it is
reasonable to assume that this method is applicable in plate reconstruction modelling.
For the purposes of this study, a province is hereby defined as a region of the Earth’s
crust which has a consistent genetic and tectonic history.
Plate reconstructions use the following methods as constraints:
e Paleomagnetic data, which constrains movement of plate, as well as paleo
latitudes (Salminen, 2009)
e Matching structural features such as dyke swarms and orogenic belts
e Geological comparisons, which has recently been emphasised to be just as
important as quantitative data (White et al., 2013)
e Comparison of lithofacies at passive margins (Salminen, 2009)
e Assessing age data “barcodes” of igneous suites as well as their geochemistry
(Ernst & Bleeker, 2010; Ernst et al., 2013)

A visual summary of these methods can be seen in Figure 2.
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Figure 2: Diagrams showcasing the breakup of a hypothetical supercraton and how various
geological features can be used as piercing points for reconstruction modified from (Ernst &
Bleeker, 2010). a) a supercraton just prior to breakup due to thermal perturbation from a hotspot,
b) rifting has been successful, meaning there are now two smaller cratons, which host several
geological features which can be used to infer configuration before breakup, c) the further breakup
into three cratons, with some features being lost due to differential uplift and erosion and d) a
reconstruction of the configuration of the original supercraton based on the available evidence.

METHODS

Database Overview

The global geochemical database contains 1032591 samples currently. Each sample
ideally contains the following information: geographic location (latitude and longitude),
rock identification information (rock type, rock name and sample description), major
and trace element concentrations, all commonly used isotope ratios, age and age error,
computed rock properties (such as density, seismic wave velocity and heat production)
and finally data source information (Gard et al., 2019). Not all data points contain
information in each of these fields. However, not all of these fields are accounted for in

every single sample. The dataset itself was compiled from other geochemical databases
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(Gard et al., 2019; Haus & Pauk, 1993; Honarvar et al., 2013; Newfoundland et al.,
1999; Sarbas, 2008). Important to this project is the spatial and temporal distribution for
the data. As previously mentioned, not all fields for every sample contain information,
and the size of the database is reduced by a half when extracting samples with age data.
Furthermore, there is a strong bias for number of samples which have ages younger than
100 Ma, where that database reduces significantly in terms of ages the further back into
geological time. Because of this, a supplementary geochronology database is used. This
database contains Pb/U ad Pb/Pb zircon geochronology for igneous, sedimentary and
modern sediment samples (Puetz, 2018). Obviously, these samples are not tied to
samples in the global geochemical database. However, for the purposes of this study,
age information is only needed for provinces and not individual data points and so this
secondary database supplements the global geochemical database’s age data in order to
create age distributions for provinces. An overview of the temporal distribution of the
global geochemical database and the supplementary geochronology database is seen in

Figure 3.
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Figure 3: Histogram displaying the temporal distribution of the data in both the global geochemical
database and the supplementary zircon geochronology database (Puetz, 2018).

Spatially, the global geochemical database is relatively heterogeneous. Sample numbers
are biased toward the North American continent, especially the west coast, and
continents like Australia and Asia also have considerably more data than other
continents. Also, province polygons are based on geological terranes of consistent
tectonic and genetic histories, however this means that province polygons vary greatly
in size, both for a singular continent, and across continents. An overview of the spatial

distribution of the global geochemical database is seen in Figure 4.

Latitude

180,180

Figure 4: Maps displaying both the spatial density of data on the global scale and all province
polygons within the database, outlined in black (data is also coloured according to provinces).
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Filtering and Pre-processing

When loading the database in MATLAB®, a series of pre-processing steps are
performed. These steps include: converting all Iron (Fe) concentrations to FeO,
assessing below detection limit concentrations in order to maximise available data,
making age corrections to the data, assigning rock classifications (both igneous and
sedimentary) to each sample through modelling by assessing geochemistry (Hasterok et
al., 2019; Hasterok & Webb, 2017), assigning metamorphic facies and finally
computing rock properties for each sample, such as heat production, thermal

conductivity, density and seismic velocity.

Hypothesis Testing Method Validation of Known Conjugate Provinces

Determining the suitability of testing conjugate province geochemistry must be
considered if we are to use those methods to analyse disputed continental
configurations. Since the configuration of the most recent supercontinent, Pangea, is so
well constrained, we can test trends across known conjugate province pairs. For the
purposes of this study, we only assess trace elemental concentrations. A summary of the
validation process is as follows:

1. Using the software GPlates, upload a reconstruction model for the last 1 Ga
which is recent and generally accepted (Merdith et al., 2019). Within these files
are continental polygons, upon which any geospatial element can be “anchored”
to, essentially reconstructing their global position for the last billion years with
respect to the 1 Ga model. Once uploaded, add the global geochemical database

province polygons and anchor these polygons to the continental blocks. Using

10
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the model, reconstruct the positions of all provinces to the time period just

before the ensuing breakup of Pangea, which is notably 200 Ma (Figure 5).

e 100,00 v | B [B64] [ 44 [ D ]

N

Figure 5: Screenshot of the GPlates software with the Merdith et al. 2019 model uploaded. Overlain
on the continental blocks are the provinces for the South American and African continents. Time
slice is given in the top left corner (100 Ma).

2. Using both the reconstructed province locations and also literature as
supplementary information, identify conjugate margins and hence conjugate
province pairs. These conjugate margins should be present day passive margins
which have had a relatively simple rifting history since Pangea breakup. Once
conjugate province pairs have been noted, identify the time of complete
separation due to rifting. This age theoretically marks the cessation of a shared
tectonic and genetic history in terms of magmatism. Only data which is older
that this separation age will hence be tested.

3. For the conjugate province pairs which have been identified, compare the age
distributions for both provinces. Similarity in temporal distributions of province
data validates a shared genetic history. Age distributions are derived from the

global geochemical database but are also supplemented by another considerably-

11



Benjamin John Forrest
Plate Reconstruction and Global Geochemical Data

sized database containing 700598 samples, all with associated Uranium-Lead or
Lead-Lead derived ages. This essentially doubles the depth of the global
geochemical database age data and while not directly tied to the geochemical
database samples, is sufficient to assess the temporal distributions for provinces.
The data for each province is then normalised. It is essential to normalise all data
as this ensures relative trends are isolated. For example, conjugate provinces
may share igneous bodies with an enrichment in a certain element, although one
may contain more mafic geology whereas the other may contain more felsic
compositions, meaning that in absolute terms, one set may contain a higher
concentration in that particular element than the other. Normalising
geochemistry ensures that the enrichment is recognised for both sets of rocks
and hence will have a higher probability of passing similarity tests.
Normalisation is a complex process in and of itself, involving several steps in
order to normalise all geochemical data. Firstly, data is grouped and extracted by
province type, which is encoded into all province polygons. Data for each trace
element is then compared with a reference species, which is silica content in
weight percent. Data is sorted into bins of width 2 wt. % silica. A log normal
distribution of data is assumed for each bin, and hence idealised scale
parameters (mean and standard deviation) are fit to the empirical distributions
for each bin. Quadratic functions are fit to the means for each bin and linear
functions are fit to the standard deviations. A smooth distribution model is then
able to be fit to the data based on these idealised functions. This produces
quantile levels for the trace element data distribution with respect to silica

content. From this point, a subset of the data within the normalised data can be

12
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normalised with respect to the smoothed quantile levels, altering the original
distribution of trace element data to a more accurate dataset. This method has
been recently developed in order to obtain more accurate spider diagrams for
igneous rock trace element analysis (Hasterok, 2020, in prep.). This process can

be summarised in the figure below (Figure 6).
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Figure 6: Four plots which give a visual summary as to how the normalisation process works: a)
distribution of log Uranium concentration for an arbitrary province (Ruby Terrane in north-
western North America), b) plot of log Uranium concentration vs silica (wt.%o) for all data of the
same province type as Ruby Terrane, in this case, orogenic belts (shown in black), with a smoothed
model of quantile curves (in blue), which have been fit by grouping data into 2 wt.% silica bins and
fitting ideal scale parameters (mean and standard deviation) to each bin, ¢) smooth quantile curves
with Ruby Terrane of log Uranium concentration distribution overlain and d) data distributions
before and after normalisation process, showing a decrease in the mean of the distribution.

5. After normalisation and the other filtering processes, data is now able to be
tested. The most suitable way to test similarity between data is statistical testing.
This compares the probability density and cumulative density functions between
two distributions for a certain element. T-testing assesses the likelihood that two

sample distributions have the same mean. F-testing assesses the likelihood that

13
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two sample distributions have the same variance. Kolmogorov-Smirnov testing
(K-S testing) tests the similarity in shape of two sample distributions by
comparing cumulative distribution functions and assesses likelihood that two
Gaussian or non-Gaussian distributions are from the same population.
MATLAB® has these statistical test function in-built, meaning the data can be
processed automatically. The p-value test statistic gives a quantifiable ranking to
distributions based on similarity. Ranging from 0 to 1, a p-value of 0.05 means
that there is a 5% probability that a generic sample mean, standard deviation or
cumulative density function will be more extreme than the sample distribution in
question, meaning that a P-value greater than 0.05 passes the statistical test on
the 95% confidence level and hence the null hypothesis that the two sample
distributions are drawn from the same population cannot be rejected. The
outcome for these tests will be a table of data for each type of statistical test,
where each row represents the identified conjugate province pairs and each
column represents normalised trace elements, with each cell providing the P-
value for each sample distribution test.

Once known conjugate province pair distributions are assessed, there is a need to
also test unrelated province pairs as a control, to confirm that the passing of a
statistical test is unique only to province pairs with definite shared geochemical
trends. Assessing the control pairs is relatively simple, where two random,
unrelated provinces will be chosen, their geochemical data normalised and
statistical tests run in the same way as done for the known conjugate province

pairs.

14
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7. Finally, compare the conjugate province pair p-values with the controls.
Theoretically, there should be a clear distinction between the two sets, with the
known pairs having higher average P-values when compared to the control
average P-values. If this is the case, a threshold can be defined, such that we can
confidently say that any province pair which yields a test statistic above the
threshold value has a strong possibility of sharing some genetic history in terms
of geochemistry. Once validated, any given pair of provinces can be tested and

their likelihood of once being joined at some point in time can be assessed.

Using Hypothesis Testing to Identify Conjugate Provinces

Having defined a threshold for t-test and K-S test p-values for each trace element, we
can now assess any province pair we suspect are conjugate pairs. Using the same
methods of hypothesis testing, we can say that any test for geochemical distributions
between two provinces which yields a p-value result higher than the proposed
thresholds implies that these provinces are conjugate pairs. Data is filtered for age of
separation of the supercontinent we aim to reconfigure. An entire summary of all

methods used in this project can be seen in the flowchart in Figure 7.
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Figure 7: Simplified flowchart summarising the methodology behind using hypothesis testing to
compare the trace element geochemistry of identified and suspected conjugate province pairs.
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RESULTS

Validation of Method by Evaluating Pangea Conjugate Pairs

IDENTIFICATION OF KNOWN CONJUGATE PROVINCE PAIRS

Benjamin John Forrest
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75 conjugate provinces were identified for the validation procedure. These are

summarised in Table 1.

Table 1: All conjugate province pairs identified via the GPlates software and the Merdith et al.
2019 model, which have now rifted. Separation ages are included.
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COMPARISON OF AGE DISTRIBUTIONS

In order to validate that the identified province pairs had a genetic history, age
distributions (in the form of kernel density plots) were compared (Figure 8). The

number of provinces was reduced to 20 due to insufficient age data.
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Figure 8: Kernel density plots displaying comparisons in the age distributions of the 20 most
significant identified known conjugate province pains in terms of hypothesis testing. All x-axis
range from present day to 2500 Ma (data younger than age of separation was filtered out for
hypothesis testing).

TWO-SAMPLE T-TEST EVALUATION

For the 20 remaining provinces, data was normalised based on province type. 20 control
pairs were also normalised based on province type. All pairs were then run through wo-
sample t-testing. The p-values for every trace element was calculated and plotted on a
histogram, in order to compare known conjugate pair p-values with control pair p-

values. This is seen in Figure 9.
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Figure 9: p-value histograms of T hypothesis testing for the Heavy Rare Earth Elements. Blue
dataset signifies identified known conjugate province pairs, while orange dataset signifies random
province pairing. Histograms are fitted to an ideal probability density function (blue line is known
pairs, red line is controls). Identified thresholds have also been plotted (black dashed line).

All p-values for every trace element were then summed in order to calculate the known
province pairs similarity ranking, relative to all other pairs. This information is seen in

Figure 10.
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T-test Province Compatability (Trace Element Concentration Distributions)
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Figure 10: the 20 conjugate province pairs identified, coloured by how well their trace
geochemistry distributions match relative to all other pairs (red signifies a good match, blue
signifies a poorer match but are still significant matches in absolute terms). Derived from T
hypothesis testing. Lines connect the pairs, while a circle highlights the Arabian-Nubian Shield
pairs, an ideal case.

TWO-SAMPLE KOLMOGOROV-SMIRNOV TEST EVALUATION

The exact same methods were then carried out for the known and control province pairs

but for K-S hypothesis testing. This is seen in Figures 11 and 12.
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Figure 11: p-value histograms of K-S hypothesis testing for the Heavy Rare Earth Elements. Blue
dataset signifies identified known conjugate province pairs, while orange dataset signifies random
province pairing. Histograms are fitted to an ideal probability density function (blue line is known
pairs, red line is controls). Identified thresholds have also been plotted (black dashed line).
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Figure 12: the 20 conjugate province pairs identified, coloured by how well their trace
geochemistry distributions match relative to all other pairs (red signifies a good match, blue
signifies a poorer match but are still significant matches in absolute terms). Derived from K-S
hypothesis testing. Lines connect the pairs, while a circle highlights the Arabian-Nubian Shield
pairs, an ideal case.

Identifying Conjugate Province Pairs for North China Craton during Nuna

NORTH CHINA CRATON HYPOTHESIS TESTING

Hypothesis testing was then carried out for all provinces which had data older than 1500
Ma (breakup of Nuna). 26 provinces successfully passed at least 10 distribution
hypothesis tests based on the thresholds found earlier. A visual summary of these

provinces is seen in Figure 13.

Statistical Testing Province Comparisons to the North China Craton
I I I 1 1 1
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Figure 13: The 26 provinces which significantly pass both T and K-S hypothesis testing, coloured
by how well their trace geochemistry distributions compare to the North China Craton provinces
(red signifies a good match, blue signifies a poorer match but still passes all tests). Yellow regions
are cratonic fragments of the crust which were all postulated to have been part of the Nuna
supercontinent, which have been labelled.

In order to validate these identified conjugate province pairs, ae distributions of all
identified provinces were matched against the NCC age distributions. This is seen in

Figure 14.
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NORTH CHINA CRATON AGE DISTRIBUTION COMPARISONS
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Figure 14: Kernel density plots displaying comparisons of age distributions for: a) the six provinces
making up the North China Craton, b) the three Indian provinces which pass hypothesis testing, c)
the two North Australian Craton provinces which pass hypothesis testing, d) the two Baltica
provinces which pass hypothesis testing, €) the two Siberian provinces which pass hypothesis testing
and f) the three South American provinces which pass hypothesis testing. All x-axis range from
1000 Ma to 3000 Ma.

DISCUSSION

INTERPRETATION OF NUNA CONFIGURATION RESULT

The comparison of trace element geochemistry trends in the NCC to other older tectonic
provinces via hypothesis testing yielded a suitable match for 26 provinces. All of these
suspected conjugate provinces are part of greater cratonic domains which are speculated
to have been adjacent to the NCC during the amalgamation and stability of the
supercontinent Nuna. This is given by several plate reconstruction model configurations
of Nuna (de Oliveira Chaves & de Rezende, 2019). There does not seem to be a clear
spatial trend in terms of which provinces are better matches geochemically. This is seen

in Figure 13, where all 8 cratonic domains contain provinces which match variably to
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NCC trace element distributions. Nonetheless, hypothesis testing correctly identified
these province pairs. While this is a promising result, it is recognised that not all of
these proposed configurations are possible and hence there must be further observations
made to draw conclusion on which configuration model is the most likely.

This was done via the comparison of age distributions between the six NCC provinces
and all provinces which satisfied hypothesis testing requirements. From these results, it
was concluded that the North Australian Craton, Siberian, Baltica and Indian provinces
were all most likely conjugate to the NCC during Nuna. The Indian province age
distributions showed strong correlation to the ca. 2300 Ma and ca. 2500 Ma peaks for
the NCC age data, whereas the North Australian Craton, Siberian and Baltica provinces
all had age distributions which correlate to the younger NCC age peaks of ca. 1400 Ma
and ca. 1800 Ma. This similarity in trace element geochemical trends but difference in
temporal correlation may have implications for the movement of the NCC through time
during the Paleoproterozoic, with respect to the 4 identified suspected conjugate
province groups.

These results support the models proposed by (Zhang et al., 2012) and (Pisarevsky et
al., 2014), as well as numerous publications looking into the NCC’s connection to Nuna
(Kusky et al., 2016; Li et al., 2015; Wang, 2019; Zhang et al., 2017). While the context
of the NCC in relations to Nuna is well studied, it could be proposed that the results
yield possible insights in the “jigsaw puzzle” that is the proposed configurations of the

Nuna supercontinent (Figure 15).
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Figure 15: Several proposed relative configurations for the supercontinent Nuna (Columbia)
during the late Paleoproterozoic, modified from (de Oliveira Chaves & de Rezende, 2019). Models
were given by: a) (Rogers & Santosh, 2002, 2009), b) (Zhao et al., 2002; Zhao et al., 2004), ¢) (Hou
et al., 2008), d) (Zhang et al., 2012), e) (Pisarevsky et al., 2014) and f) (de Oliveira Chaves & de
Rezende, 2019).

It is important to note that for the purposes of this study, configuration resolution is
limited to the province scale. “Piercing-point” methodologies provide a much more
confined spatial correlation between conjugate margins, which is hence why they are so
useful in plate reconstructions. However, province scale geochemical trends are much

more likely to be preserved in comparison to piercing-point features.

CRITIQUE OF HYPOTHESIS TESTING

While results for the NCC’s connection to Nuna in this study suggest positive signs for
the role of trace element geochemistry hypothesis testing as a form of plate

reconstruction validation and improvement, the method of hypothesis testing does come
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with its own limitations, the main of these being sample size limitations. Statistical
analysis is entirely dependent on sample size or degrees of freedom for the datasets
which it aims to interpret. Given below is the equation used to define the test statistic, t,
for which the significance level (and hence p-value) can be found in a two-sample t-test.

ny )2 4 g2 )2
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1 2
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The p-value in a hypothesis test is dependent upon the test statistic, t, and so the result
of a hypothesis test correlates directly to sample size.

In the case of this study, results were strongly influenced by sample size. The filtering
of data meant that some provinces only had a small number of data points available to
be processed. This was the case for various Antarctic provinces, which is why
constraints on similarities in trace geochemistry between Australian and Antarctic
provinces was not explored, despite Australian provinces being well-sampled.
Obviously, provinces which had significantly small sample sizes (defined as being less
than 50 samples) were not considered. This reduced the possible amount of known
conjugate province pairs to 75, of which 20 yielded significant hypothesis testing
results. In some cases, comparisons were asymmetrical in terms of sample size,
meaning one size of a conjugate margin hosted more data compared to the other side,
potentially biasing results. An analysis into how sample sizes affect a hypothesis test
result is seen in Figure 16. Two synthetic normal distributions with the same standard
deviations but slightly different means were tested, for various sample sizes. Sample
size selection was based on realistic values when considering the data in conjugate
province pairs in the results. Findings were that small sample sizes easily passed tests at

the 95% confidence level. As sample numbers approached 50 for both sets of data,
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hypothesis testing almost always failed (rejecting the null hypothesis), with the
exception of an asymmetric sample size for the distributions of N1 = 1100 and N2 = 20.
It can hence be determined that while asymmetry of sample sizes can affect statistical
testing results, the main control is sample sizes. It is reassuring to see that testing begins
to fail a sample sizes of N1 = 50, because this was the limit set when comparing
conjugate province pairs in this study. This means that testing with sample sizes for
both distributions over 50 which fail to reject the null hypothesis are much more
significant in terms of the similarity between distribution means and shapes. This
finding places a lot of confidence in the conjugate province pairs identified in both the

validation and application parts of this study.
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Figure 16: Hypothesis testing for two arbitrary synthetic normal distributions, with number of data
for both sets changing (sample size for both distributions seen above subplots). Both distributions
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have the same standard deviation (0.2), however, their means differ (blue set has a mean of 5,
purple set has a mean of 5.1). Green background represents a failure to reject the null hypothesis,
whereas red background represents rejection of the null hypothesis, for both T and K-S testing.

SUITABILITY OF USING GEOCHEMICAL DATA FOR PLATE RECONSTRUCTIONS

A key finding of this study is that certain trace elements are more suitable for defining
trends in geochemistry than others. Of the total 39 trace elements which were analysed
only 16 returned suitable and consistent test statistics. These were: Scandium,
Vanadium, Yttrium, Hafnium, Tantalum, Uranium, Thorium and the heavy rare earth
elements (Europium through to Lutetium). It is well known that rare earth elements are
effective for comparing subtle trends in the geochemistry of igneous rocks, due to:
having highly variable concentration in the Earth’s crust and mantle, being relatively
immobile and insoluble and presenting distinct signatures in certain tectonic
environments (Rollinson, 2014). Rare earth elements share very similar physical and
chemical properties but subtle differences can result in preferential fractionation in
rocks and magmas. Exploiting these subtle trends in geochemistry proves invaluable
when determining the genesis of certain rock species. Knowing this, comparing the
distributions of rare earth element concentrations for two provinces which are assumed
to have a shared genetic history should be a conclusive method. However there are a
number of limitations. Firstly, a province may host rocks which shares a genetic history
with the rocks hosted within its conjugate province, however these rock classifications
may vary (for example, one province may host more mafic geology and its conjugate
may host more felsic geology). Due to fractionation of trace elements in evolving
magmas, distributions for trace elements would not share a similarity. However, the

normalisation method within this study aims to overcome this problem. The
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normalisation process doesn’t, however, account for multiple generations of igneous
activity with no genetic link.

Additionally, the scalability of distributions for trace elements is questionable, from the
mineral to the province scale. Although provinces are regions of the crust which has had
a consistent tectonic and genetic history, heterogeneities in trace element concentrations
may “dampen-out” more distinct geochemical signatures, resulting in false similarities
in two unrelated provinces (Wang & Zuo, 2020). To this end, it is perhaps more suitable
to asses a particular suite or suites of rock hosted within conjugate province pairs in
order to determine a more robust method for matching trace element concentration
distribution similarity, which is the method traditionally used in plate reconstruction
modelling (Ernst & Bleeker, 2010; Ernst et al., 2013; Williams et al., 2011).

Despite these limitations and assumptions, there are definite trends in the distributions
of trace elements geochemistry for conjugate province pairs found in this study, which
has implications for providing a more holistic approach to comparing geochemistry in

suspected conjugate terranes in order to produce more robust plate reconstructions.

CONCLUSIONS
e There is a need to better constrain plate reconstruction models due to a number
of differing configuration hypotheses in these models. Statistical methods were
employed in this study to compare geochemical distributions across known and
suspected province pairs as a means to provide better constraints to existing

reconstruction models.
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Conjugate province pairs which had a reasonable number of data were identified
for the breakup of Pangea and data was normalised by province type and
compared using two-sample t and K-S testing.

There was a subtle but statistically significant difference in identified known
conjugate province pair p-values in comparison to control pair p-values, p-value
thresholds of 0.5 for t-testing and 0.1 for K-S testing were defined such that p-
values for the comparison between two province pair geochemical distributions
which were greater than these thresholds indicate that these two province pairs
likely shared a genetic and tectonic history and as such were conjugate provinces
at some point in geological time (perhaps during a supercontinent phase).

The same methods were used to assess the North China Craton’s configuration
during the Nuna supercontinent and it was found through hypothesis testing of
geochemical distributions and age distribution validation that models which
favoured the NCC as a neighbour to the North Australian Craton and either
India, Siberia or Baltica also being adjacent to be the preferred models in the
context of this study.

Comparison of age distributions for suspected conjugate province pairs is an
effective way to validate the reliability of hypothesis test results.

Hypothesis testing is a highly effective method for processing large datasets and
producing quantifiable rankings for the similarity between distributions,
however, these statistical tests come with their own limitations.

Overall, the use of comparing geochemistry across conjugate margins as a

constraint to tectonic plate reconstruction modelling should not be
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underestimated and is useful to determine the likelihood of various hypothesis

for supercontinent configurations.
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