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Abstract

The Rehoboth Basement Inlier (RBI) in present-day Namibia is part of the Kalahari craton that

is immediately adjacent to the ca. 550-500 Ma Pan-African Damara Orogen. This study presents

a regional paleomagnetic survey of sedimentary and magmatic rocks in this region to explore

its spatial evolution during the Meso-Neoproterozoic. Sample suites were taken from mafic dykes

near the Klein Aub region in the southwest and redbeds and volcanics of the Doornpoort Formation

in the Southeast. Only one of seven dyke sample suites showed interpretable results, while many of

the redbeds and volcanics showed a single-component magnetization held primarily by hematite.

Our fold test results are suggestive of syn-folding magnetization similar to results from a previous

study on rocks of the Aubures Formation in the Konkiep Subprovince. The characteristic direction

of this magnetization is similar to the ∼1105 Ma Umkondo paleomagnetic poles but distinct from

the ∼1030-1000 Ma poles. We suggest an age of ca. 1100 Ma for folding of the Doornpoort

formation. This would imply that a Mesoproterozoic deformation event was active in the Rehoboth

province and that not all fold structures observed in this region are Damaran. A 25-30◦ local

vertical-axis correction was made on our mean paleopole after restoration of folding. This sense of

correction on rocks of the Doornpoort Formation also better aligns Damaran overprint poles from

the region relative to the polar wander path for the Kalahari Craton. We suggest that rotation most

probably occurred during the latest stages of Damaran folding after 500 Ma.
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1 Introduction

1.1 Background

The Neoproterozoic supercontinent, Rodinia, existed between ∼900-750 Ma (Z. Li et al., 2008),

at a time when the Earth was transitioning between a long period of warm climate to perhaps

the most severe ice age it has ever experienced. This study presents new paleomagnetic data

for the Kalahari block, which has been proposed to have been near the center of Rodinia (Z.-

X. Li et al., 2013). It has also been suggested that differences in the distribution of detrital zircon

ages between the Damara-Kalahari and Damara-Congo margins show that these cratons were not

together during Rodinia, or if they were in proximity, they may be separated by a rift or oceanic

basin (Foster et al., 2015). The movement of the Kalahari and Congo cratons during the assemblage

of Rodinia remains largely under debate. Paleomagnetic data for these cratons at 1.1 Ga suggests

that they were connected then (Salminen et al., 2018). A younger constraint for their movement and

location is given by the onset of the Pan-African Orogeny, a major orogenic system characterized

by episodes of collisions related to the assemblage of the Gondwana and Pannotia ca. 600 Ma. The

Pan-African and the Grenville orogeny are the largest known orogenic systems throughout Earth’s

known history. The Damara Orogeny was an episode which occurred due to the collision between

the Kalahari and Congo cratons in the early Cambrian. This convergence has been suggested to be

590 Ma, followed by a brief interruption due to the closing of the Adamastor Ocean, with the final

collision which formed the Damara Belt occurring 530 Ma (Lehmann et al., 2016).

1.2 Tectonic setting

This study presents new paleomagnetic data for the Rehoboth Basement Inlier of the Kalahari

block. This region is immediate to the Pan-African Damara Orogen which was most active between

550-500 Ma (Foster et al., 2015; Goscombe et al., 2018). The Damara Orogeny rose during plate

convergence between the Congo and Kalahari Cratons, and widespread parallel fold structures

throughout the Rehoboth province have been thought to be due this deformation event.
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Figure 1: Region of interest (red polygon) in relation to the Kalahari Craton (KC) in present-day

Southern Africa. Taken from Borg & Maiden (1989).

Here, we present a paleomagnetic regional survey to explore the spatial and temporal evolution

of the RBI during the Meso-Neoproterozoic. The sample suites included in this study encompass

the Meso-Neoproterozoic domain of the Rehoboth Inlier.

2 Regional stratigraphy

2.1 Regions of interest

This study includes 12 sample sites, each containing 7-8 rock cores for a total of 84 samples.

These samples represent a survey of the younger stratigraphic succession within the Rehoboth

region, namely the Klein Aub (C19K), Versailles (V19V), and Tsumis regions (V19T). Overall,

these sample suites describe a range of Meso-Neoproterozoic volcanic and sedimentary rocks in

the stratigraphic succession of the Rehoboth Inlier. Samples from the Klein Aub region (C19K) are

from an unnamed mafic dyke suite, where cross-cutting was observed and baked contact tests are
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possible. The Versailles and Tsumis regions (V19V & V19T) include samples from the Doornpoort

Formation, described as red-bed sediments (Becker et al., 2005). V19V and V19T were sampled

along an anticline and are suitable for a fold test.

Figure 2: Location of sample suites. Taken after Schneider et al. (2004).

2.2 Age constraints on sample suites

Age constraints for these sample suites are avilable from the country rocks of the Rehoboth Base-

ment Inlier. C19K samples were collected from a cluster of mafic dykes intruding granitic country

rock. The different orientations observed for these dykes may suggest that this cluster includes

multiple generations of magmatism. The country rock is part of the Palaeoproterozoic Piksteel

Granitic Suite, for which the ages are 1781 ± 8 Ma (van Schijndel et al., 2014). We also consider

a minimum age constraint from the sedimentary sequence cover of the Klein Aub region south

of where C19K was sampled. The post-sedimentary cover at C19K begins with the Doornpoort

Formation, which has been suggested generally as mid-Neoproterozoic, deposited at the start of

the Damaran orogenic cycle (Foster?).
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Figure 3: Stratigraphic correlation between the Sinclair, Klein Aub, Dordabis, and Lake N’gami

regions. C19K sample suite corresponds to cross-cutting dykes intruding only the basement in the

Klein Aub Region, although some may be younger than the Nuckopf Formation, for which the

SHRIMP zircon age is 1226 ± 11 Ma (Becker et al., 2005). Figure modified after Borg & Maiden

(1989) and (Kasbohm et al., 2016).

The V19T sample suite includes both red-beds and volcanics from the Doornpoort Formation.

Samples from T1, T3, and T4 are purple-red sandstones, and samples from T2 are from a mas-

sive basaltic lava. The V19V sample suite also includes red-bed sediments from the Doornpoort

Formation. Although there is no direct age constraint on the Doornpoort Formation, a possible

age constraint can be made from its stratigraphic correlation with a unit of similar composition

in the Dordabis region, where the presumed Doornpoort Formation lies above the Opdam Forma-

tion (Borg & Maiden, 1989). The Opdam Formation has been observed to overlie the Langberg

Formation for which a U-Pb SHRIMP age is 1100 ± 5 Ma (Becker et al., 2005).
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Figure 4: V19T site sample locations and the direction of the anticline from which they were

retrieved. Declination and inclination of each sample site are also labeled.
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Figure 5: V19V site location.

Figure 6: C19K site sample locations with each respective strike shown. Dips were unknown.

Sites C19K6 and C19K7 are from the the same location.
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3 Methods

3.1 Field

Samples were collected from a number of farms in the Rehoboth region over a three-week expedi-

tion in the summer of 2019. Areas of interest were first mapped on Google Earth satellite images

with roads, dykes, and farm boundaries identified. Permission for access to these sites were granted

by their respective landowners. Specific sites were chosen in the field after surveying the area for

potential outcrops. Once identified, outcrops were tested for magnetic susceptibility and compass

deflections to minimize chances of sampling from lightning-struck rocks. Typically 7-8 samples

are collected from each of these suitable outcrops.
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Figure 7: Diamond-bit drill used to collect cores (top left) and the holes from which 2.5-cm-

diameter cores were collected (top right). Example of notes taken in the field (bottom).
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A diamond-bit drill was used to collect cylindrical samples, which are originally ∼5-7 cm in

length and ∼2.5 cm in diameter, although fractured samples are often shorter. The inclination,

declination, and sun direction for each sample are measured in-situ using an orientation device

with solar and magnetic compasses and a clinometer. For sample suites V19V and V19T, the

strike and dip of the bedding was measured for use in a fold test. For sample suite C19K, the dip

of dykes was not measurable due to low topographic relief. Once removed from the original rock,

the direction of drilling are labeled on the sample, with the weathered ends marked.

3.2 Laboratory

Fractured samples are wrapped in laboratory parafilm to hold shape during the preparatory process.

At the Yale Kline Geology Laboratory rock lab, samples are first trimmed from the ends using a

dual-blade rock saw. All samples are trimmed down to a length suitable for use with Kappabridge

magnetic anisotropy systems.

Samples are first measured for magnetic anisotropy (AMS), which is used to identify whether

the primary natural remanence magnetization (NRM) was acquired without directional bias. This

step is necessary to determine whether magnetic minerals in the samples are randomly oriented

such that bias in the alignment of their electronic spin states are minimal, and to check whether

this assumption is satisfied. Samples showing strong anisotropy must have their remanence vectors

corrected, which will increase the uncertainty of the overall data. While samples showing weak

anisotropy do not need to be corrected, they are still useful in helping determine whether the NRM

is primary or metamorphic. However, none of the sites were found to be significantly anisotropic,

and we will not further discuss AMS measurements.
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Figure 8: Prepared and labeled samples ready for demagnetization steps.

All samples are then cut in half and re-labeled. The initial NRM is measured before the de-

magnetization process. Samples are submerged in liquid nitrogen for > 12 hours as the first step

of the degmagnetization process. After this initial step, the magnetic directions are measured us-

ing a cryogenic SQuID magnetometer. All subsequent thermal demagnetization steps are done in

magnetically shielded ovens which bake samples under increasing temperature steps. The gradual

unblocking of the magnetic direction is monitored after each step so as to decide the following

magnitude of temperature steps.

Although we expect magnetite and hematite to be the primary magnetic minerals in the sam-

ples, with the corresponding Curie temperatures of 580◦C and 675◦C, respectively, samples are

heated for a number of steps beyond these points to ensure that they have fully unblocked. Fully

demagnetized samples show a distinct zig-zagging in their magnetic directions as they begin to

carry the ∼10 nT magnetic field inside the oven, resulting in a zig-zagging behavior as samples are

flipped at each step.

Evidence of lightning strikes are monitored for each sample using several diagnostics. The

magnetic intensity for lightning-struck samples (> 10−3) are typically larger than non-lightning-

struck samples (< 10−3). Lightning struck samples are also typically single-component if the
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samples were fully re-magnetized. Finally, lightning also tends to produce individual samples

which appear well-behaved but a mean site magnetization which is poorly clustered.

3.3 Data analysis

Once all samples were fully demagnetized, results are analyzed on PaleoMag software version

3.1b6 (Jones, 2002). Least squares regression was used to fit lines and planes to magnetic com-

ponents, which are distinguished by eye on on zjiderveld diagrams, where the three-dimensional

magnetic directions are projected to north-southand east-west axes. Once identified, components

are fitted and labeled. Typically, the high-temperature component of multi-component magneti-

zations are used as the characteristic remanance direction. For samples where components were

too difficult to be distinguished from noise, a plane (HPL) and stable end point (SEP) were used

instead. For each site, the characteristic direction for each sample are plotted on a least-squares

equal-area plot. Fisher statistics (R. Fisher, 1953) was used to characterize the degree of cluster-

ing. If clustering appears to be bimodal or elliptical, a Bingham distribution was used instead. The

following sections summarize the least-squares fits for each site.
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4 Results

4.1 V19T1

Figure 9: Representative demagnetization behavior from site V19T1. (A) Zijderveld diagram of

sample V19T1B, showing three distinguishable components of the NRM. (B) Equal-area stereonet

diagram of sample V19T1B. (C) Equal-area plot of the LTH component. (D) Equal-area plot of

the LT2 component. (E) Equal-area plot of the HTO component.

The site was in redbeds of the Doornpoort Formation, with a shallow northeasterly dip. Samples

contained either two or three well-defined linear components of the NRM. The first to be removed

(LTH), either from the NRM or the LN2 step and continuing to typically 100° or 150°C, is directed

northeast and shallow. Five samples contained a second low-temperature component (LT2) that

was typically removed between about 150° and 430° or 490°C, with an imprecise distribution

north and downward. All seven samples had very well-defined decay-to-origin demagnetization

held by hematite (HTO) between 670° and 688°C, with a precise cluster of directions SSW and

shallow up.

15



4.2 V19T2

Figure 10: (A) Representative demagnetization path for the sample suite. Many samples had an

initial unblocking due to the NRM step; however, since only the NRM step showed this unblocking,

this step was not considered to be a component. (B) Equal-area stereonet diagram of sample

V19T2A. (C) Equal-area plot of the HTO component.

The site was a massive basaltic lava in the Doornpoort Formation. Samples contained a single-

component of the NRM. All eight samples had well-defined (all < 1.4 MAD) decay-to-origin

demagnetization held by hematite (HTO) unblocked between 665-670°C, all showing SW and up

directions in geograpghic coordinates.
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4.3 V19T3

Figure 11: (A) Representative diagrams of single-component and (B) two-component NRMs. HTO

components are well-defined and clustered around a shallow SW direction, in geographic (C) and

tilt-corrected (D) coordinates.

The site is representative of redbeds of the Doornpoort Formation Of the seven samples, three

showed two components and the rest showed a single-component NRM. Of the three, the first

low-temperature component (LTH) unblocked either from the LN2 or NRM step and continues to

150°C, with variable directions. Two were in the NE direction and one was in the NW direction.

The high temperature components (HTO) unblocked between 665 – 676°C, and all samples showed
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a shallow SW direction.

4.4 V19T4

Figure 12: (A) Representative three-component NRM, where the low (LTH) and low-medium

temperature (LT2) component appeared to be separate. (B) Representative two-component NRM,

where a low to medium temperature component (LMT) was unblocked before the high temperature

component (HTO). (C) HTO components in geographic coordinates cluster in the shallow SSW

direction.
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The site is collected from redbeds from the Doornpoort Formation Of the eight samples, five

showed two-components NRMs characterized by a low-medium temperature component followed

by a high-temperature component. The first component was unblocked typically at the NRM or

LN2 step and continuing until 430°C. One sample had only a low-temperature (LTH) component,

running from LN2 to 150°C, followed by a high-temperature component running from 665°C

through the origin. The two other samples showed separate components at low and medium tem-

peratures.

4.5 V19V1

Figure 13: (A) Typical sample showing gradual unblocking from low to medium temperatures.

The HTO component was clustered in a SSW-upward direction in geographic coordinates (B) and

shallow SSW direction in tilt corrected coordinates (C), with the exception of one sample V19V1H

which showed a shallow west direction. This sample has been excluded in the calculation of the

Fisher mean.
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This site was sampled from redbeds of the Doornpoort Formation. All samples showed a con-

sistent and gradual unblocking between low and medium temperatures for which a low-medium

temperature (LMT) component was fitted. This LMT begins and ends at variable temperatures,

although most began 230°C and continues to 560°C. Some showed a gradual unblocking through-

out the entire demagnetization process, from the NRM step to 600°C, or from 230° to 676°C.

The LMT component is scattered across the site, although most directions were south-trending. A

high-temperature component held by hematite (HTO) occurred consistently between 676-680°C.

Some higher domain components removed by the NRM and LN2 step appeared to be parallel to

the HTO-component, suggesting that perhaps some magnetization held by hematite was removed

during the LN2 step.

4.6 C19K1

Figure 14: (A) Typical single-component magnetization removed at medium temperatures and

continuing into 500◦C. (B) All magnetic directions appear clustered in the shallow SSW direction.

This data suite is sampled from a lower greenschist-metamorphosed mafic dyke cutting a granite

gneiss basement. All magnetizations were single-component, and no tilt-correction was possible.

Overall, the site seems to be clustered in the SSW shallow direction. The removal at middle tem-

peratures beginning at 300◦C and continuing into 500◦C suggests that a combination of minerals
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held this magnetization: magnetite with titanium, Titanohematite, or Titanomaghemite, among

other possibilities.

4.7 C19K2

Figure 15: (A) Representative single-component magnetization removed at low temperatures. (B)

Equal-area plot of all site samples showing a poorly clustered south-trending direction.

This sample suite was intended to be part of a baked contact test in conjunction with C19K3

and C19K4. Samples were taken from a WNW-trending dyke. The dip was unknown and no

tilt correction was made due to lack of topographic relief. All magnetizations showed a single-

component starting at 230°C or 300°C, which an overall imprecise cluster around S direction. The

magnetization which appeared to be removed at 230°C could be due to the presence of pyrrhotite,

however field notes only noted the presence of chlorite and epidote. The mean direction group is

generally southward with considerable scatter in inclination, both positive and negative.
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4.8 C19K3

Figure 16: (A) Sample C19K3G showing a single-component magnetization. (B) Representative

single-component magnetization showing noisy data around the origin, for which a planar fit (HPL)

and stable endpoints (SEP) are used. (C) Representative sample of a two-component magnetization

removed at low (LTC) and medium (MTC) temperatures. Equal-area stereonets of the poorly

clustered LTC (D), MTC (E), HPL, (F) and SEP (G). All components were too scattered to resolve

a typical direction.
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This sample suite was collected as part of a baked contact test in conjunction with C19K2 and

C19K4. Samples are taken from the same dyke as C19K2, but within the exocontact of the NE-

striking C19K4 dyke, which should be younger. Many samples missed the origin but not in a

consistent manner, so the noise surrounding the origin was often ignored (530-580°C range) and

the fit was instead forced to the origin from the medium temperature component (MTC). For sam-

ples with large noise around the origin, a separate planar fit was made. Only one sample showed

an apparent one-component magnetization, from 150°C to the origin. The rest were fitted using

a low-temperature component (LTC) starting at either 100°C or 150°C and a medium tempera-

ture component (MTC) starting and ending at variable temperatures. Four of the samples were

fitted using a plane in addition to the MTC, for which the origin was not included. The overall

magnetization showed no distinguishable directional clustering.
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4.9 C19K4

Figure 17: (A) Representative single-component magnetization. (B) A Fisher error with an α-95

value of 43.6, which is above the acceptibility threshold of 20. (C) A Bingham fit which seems to

better characterize the distribution.

This sample suite is part of a baked contact test in conjunction with C19K3 and C19K2. Samples

are taken from the younger NE-trending dyke of an unknown dip due to low relief. Samples were

taken near the southeastern margin of the dyke. All magnetizations showed a single-component,

with an imprecise cluster around NE direction. Observing a large spread in the Fisher distribu-

tion, the cluster was fitted using a Bingham distribution, streaking between northeast-upward and

northeast-downward.
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4.10 C19K5

Figure 18: (A) Representative two-component samples. (B) Representative single-component

samples. (C) Samples for which a planar fit was used. The LTC (D) showed a typically shallow

north direction and the MTC (E) showed a downward NW direction, although neither produced a

Fisher mean below the α-95 cut-off.

This sample suite is part of a baked contact test in conjunction with C19K6 and C19K7. Samples

are taken from a younger dolerite dyke. Of the eight samples, two showed a single-component

magnetization and the rest showed a two-component magnetization composed of a low-temperature

component (LTC) beginning and ending at variable temperatures, and a medium-temperature com-
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ponent (MTC) beginning at 430°C, 470°C, and 515°C and going to the origin. For samples whose

high-temperature domain showed noisy data, a planar fit was made.
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4.11 C19K6

Figure 19: Representative single-component magnetization (A) and two-component magnetization

(B). LTC (C) shows a possible NE shallow direction, MTC (D) shows a possible cluster in the

NWW direction, HPL (E) shows a north-trending direction, and SEP (F) shows a possible NE

trend, although all components are poorly clustered and none meet the α-95 cut-off.
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Samples are taken from an older dyke in exocontact of C19K5. After removing noise near the

origin, of the eight samples, four showed single-component magnetization and four showed two-

component magnetization. Of the two-component samples, there was a low-temperature compo-

nent (LTC) start at the LN2 step and continuing typically to the 150°C step, except for sample

B which appeared to continue to 370°C. The medium-temperature component (MTC) began and

ended at variable temperatures. Data points beyond this temperature were too scattered to perform

a fit. For the MTCs, a plane was also fitted to include the origin. For single-component magne-

tizations which appeared to miss the origin due to scattering around the origin, a plane was also

fitted.
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4.12 C19K7

Figure 20: (A) Sample C19K7A showing possibly two components with noise surrounding the

origin. (B) Representative single-component magnetization going to origin. (C) Representative

single-component magnetization with noisy data at high temperatures. (D) Fisher mean calculated

for the single-component magnetizations (LTC).
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6 samples were taken from the same dyke as C19K6 at ∼13 m from the dyke in C19K5. All but one

sample showed a one-component magnetization going to origin. Sample A had large noise near the

origin, and the apparent component seems to miss the origin, so a plane was fitted in addition. A

low-temperature (LTC) component and a planar fit (HPL) with a stable end point (SEP) was fitted

for this sample. All other samples showed a single-component magnetization, either going to the

origin or showing noise around the origin, but appearing to be leading up to the origin.

5 Discussion

Here we interpret our results for the fold test conducted on V19V and V19T. Baked contact tests for

the C19K sample suite were inconclusive due to its poorly clustered magnetization. However, we

were able to constrain a virtual geomagnetic pole (VGP) from C19K1 and compare it to existing

poles for the Kalahari block, although the age of this pole is not yet determined.

5.1 Fold test

The V19T and V19V sample suites provide a fold test for the determination of the timing of

their primary magnetization. Typically, if the magnetization was acquired prior to folding, NRM

directions should converge at 100% tilt correction, or full restoration of the bedding. Therefore, we

expect maximum clustering of points when samples are fully corrected. The amount of clustering

is characterized by Fisher’s k-value, which is larger for more well-defined clusters and smaller

for less defined clusters. The in-situ declination and inclination were used to calculate partial

unfolding mean declination and inclination, going from 0 to 100% unfolding. A k-value was

calculated for each partial unfolding step, and a maximum value of 24.5 was observed at 60%

unfolding. As a check that no single site weighed heavily in the determination of our results, we

removed each site’s weight in the calculation and found that results remain largely the same. For

a sample size of 5 sites, the proportionality between the maximum and minimum k-values needed

for results to be statistically significant (with a p-value of 0.05) is 4.43 (N. I. Fisher et al., 1987).

However, we find that our proportionality between 0% and 60% unfolding is 1.76, and our results

were therefore not shown to be statistically significant. The anticline from which we sampled

showed a plunge angle of only ∼10 degrees, and thus the corresponding plunge corrections are
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insignificant.

Figure 21: Results of the fold test on V19V and V19T, with the peak in k-value at 60% unfolding

shown in inset.

Although our data failed to reject the null hypothesis, we note that the sensitivity of fold tests

to the declination suggests that our results are still robust. The apparent peak at 60% unfolding

is highly suggestive of a syn-folding magnetization such that NRMs were acquired at the time of

folding. Similar syn-folding results were also observed in samples from the Aubures Formation

in Kasbohm et al. (2016). The Tsumis Group, which includes the Doornpoort Formation, in the

Rebohoth area is thought to be stratigraphically correlated to the Aubures Formation in the Konkiep

Subprovince of the Sinclair area (Becker & Schalk, 2008), although direct connectivity of exposure

is lacking. We attribute the apparent syn-folding magnetization throughout the Rehoboth Inlier to

be representative of a single folding episode.

We suggest a few possible age constraints on the time of folding. Folding must be younger than
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the youngest folded rock. Though there are no existing ages on the sampled rocks, we propose a

few constraints from the surrounding stratigraphy. The country rock in the Rehoboth Inlier is part

of the Piksteel Granitic Suite, for which the TIMS age is 1781 ± 8 Ma (van Schijndel et al., 2014).

Secondly, the Doornpoort Formation lies stratigraphically above the Nuckopf Formation. If this

formation is 1226 ± 11 Ma in age (Becker et al., 2005), then Doornpoort must be younger than

this unit. Thirdly, in the region east of Rehoboth, we find the Langberg Formation in sequence

with the Opdam Formation (Borg & Maiden, 1989). The U-Pb age for this unit from Becker &

Schalk (2008) is 1100 +/- 5 Ma. We suggest that the time of magnetization and therefore folding

is probably slightly younger than 1100 +/- 5 Ma.

In the current literature, the Doornpoort Formation is thought to be part of an overall sequence

representative of a single tectonic cycle at the time of Rodinia breakup, around 800 Ma (Foster

et al., 2015). This is coincident with Rb-Sr ages of dykes in the surrounding region, which is

821 Ma (Ziegler & Stoessel, 1990). However, our results for the magnetization and deforma-

tion of the Doornpoort Formation are more consistent with ca. 1100 Ma. If magnetization is

indeed ca. 1100 Ma and syn-fold, then not all late-tectonic magmatism in the Rehoboth Inlier is

mid-Neoproterozoic. Furthermore, our results are suggestive of an episode of deformation that is

Mesoproterozoic in age, and that not all fold structures observed in the Doornpoort Formation are

Damaran.

5.2 Poles

Here we present the mean virtual geomagnetic pole (VGP) calculated from sample suites V19V

and V19T at 60% partial unfolding. For V19V and V19T, the mean pole direction is 46.9◦N,

54.2◦E, with an A95 value of 9.4◦. Of our 7 sites in C19K, only one gave a good direction, and

this direction is the same as those previous reported in other studies. For C19K1, the mean VGP

direction is 67.23◦N, 50.3◦E with an A95 value of 8.5◦. Due to an unknown dip on this sample

suite, we cannot resolve whether it could have been rotated. Although our pole was constructed

only from one dyke, we believe it to have held primary magnetization due to the observed narrow

thermal unblocking spectrum near the Curie temperature of magnetite, which is characteristic of

mafic dykes with primary remanence.
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Figure 22: The location of poles calculated from this study’s fold test (red), the single site C19K

(blue), and the mean of sample suites from Chung-Halpern (2021) (green) are visualized in GPlates

software version 2.2.0 (Müller et al., 2018). (A) The original poles. (B) The poles after a 25◦ Euler

rotation about an axis at 24◦S, 16◦E at the southwestern edge of the RBI. Figure modified after

Kasbohm et al. (2016).
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The pole direction at 60% unfolding in this study is not consistent with the expected pole direc-

tions for the Kalahari Craton between 1200 and 1000 Ma, including that obtained from the possibly

correlative Aubures Formation in Kasbohm et al. (2016) (Fig. 22). A 25◦ counter-clockwise ro-

tational correction appears to restore this pole to the expected apparent polar wander path (APW)

for the Kalahari Craton. By rough estimation, we find that a 25◦ rotation provided the best fit to

the expected apparent polar wander (APW) path for the Kalahari Craton (Kasbohm et al., 2016).

The suggestive age of ca. 1100 Ma was derived from the corrected pole being more similar to the

1110 Ma Umkondo (UMK) pole (Hanson et al., 2006) but distinct from the 1030-1000 Ma Central

Namaqua belt (CNM) pole. Although this provides only an upper age constraint and magneti-

zation could still be Damaran in age, there is no amount of rotational correction that can correct

our anomalous pole to the APW path for Gondwana at 550-500 Ma due to our observed shallow

inclination. Therefore, we find it most consistent for the age of folding and magnetization to be

much closer to ca. 1100 Ma.
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Figure 23: Pole from Piper (1975) plotted before (A) and after (B) a 25◦ CCW vertical-axis rota-

tion. The APW path for Gondwana at 550-510 Ma (Torsvik & Van der Voo, 2002) is shown for

reference. We find that a 25◦ correction brings Piper’s pole to within error of the expected APW

path. Figure modified after Torsvik & Cocks (2011).

Piper (1975) also conducted a fold test for rocks of the Doornpoort Formation. He found a

post-folding result and interpreted the folding to be of Damaran in age, although we now have

suggested that there could have possibly been a much older episode of folding. However, Piper’s

pole has an inclination which is too steep to be corrected to the APW for South Africa at ca. 1100

Ma. Therefore, following Piper’s interpretation, we believe this pole to be an overprint of Damaran
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age (550-500 Ma) to suggest a possible time constraint for rotation. Piper (1975) found a pole that

did not match any part of the African APW from 1300 to 600 Ma, and for which a 25◦ vertical-

axis CCW rotation correction would place it within error of the expected APW at ∼500 Ma. We

attribute the apparent regional correction observed in this study and Piper (1975) to the existence

of a microplate within the Rehoboth Inlier having rotated 25◦ counter-clockwise. Since the pole

from Piper (1975) is Cambrian in age, we suggest that rotation occurred after 500 Ma. After

Cambrian time, the Rehoboth Inlier would have already embedded itself in Gondwanaland and

the mechanisms for rotation would have been limited. The most likely time to rotate is therefore

during the latest stages of Damaran folding.

An alternative explanation for this apparent rotation is a more complex structure involving

transform faults inside this microplate. This microplate could have been comprised of internal

parallel blocks which could individually rotate. Although we have not recognized strike-slip faults

in the Rehoboth Inlier, these structures could be subtle or yet recognized.

6 Conclusion

A suspected syn-folding result from our fold test and anomalous poles that appear to be restored to

the Kalahari APW path at ca. 1100 Ma after a 25◦ correction are suggestive of a tectonic evolution

more complicated than previously thought for the Rehoboth Inlier. Our results suggest that a

deformation event much older than the Damara Orogen could have been active during the Meso-

Neoproterozoic. Furthermore, rotation within the region is suggestive of a microplate possibly

rotating around 500 Ma, near the end of Damaran folding when a rotational event would have been

most probable. We suggest this to be the simplest explanation for the syn-folding magnetization

observed throughout three distinct studies (this study; Kasbohm et al., 2016; Chung-Halpern, 2021)

on rocks of the Rehoboth Inlier and Konkiep Terrane, as well as the anomalous poles found in this

study and Piper (1975). However, we emphasize that the modest sample size does not yet lend

itself to a robust interpretation. Here we present a non-unique solution to a problem of limited

constraints. Therefore, this study can be bolstered by a larger data set ideally comprised of samples

collected in regions where good data have already been observed. This would help better constrain

the geographic extent of this rotation in rocks of the RBI, the degree and age of rotation, and test the
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reproducibility of our results. Furthermore, the ages of the sampled dykes remain unknown, and

we cannot be certain as to which episode of magmatism they represent. Geochronological dating

can be used to age dykes in this region, which would allow us to better interpret the pole derived

from C19K and dykes of the same generations. Bedding could also be measured for dykes to check

whether they may be yielding anomalous poles amenable to vertical-axis rotational corrections.
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Appendix

Figure 1: Excel table for the fold test on V19V and V19T sample suites.
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