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ABSTRACT

There is limited palacoenvironmental data on Zimbabwe, primarily because the usual proxies used for
climatic reconstructions are rarely preserved in the Zimbabwean archaeological record. Against this
background, this research seeks to assess the practicality of using granite spalls that occur in the
archaeological record as signatures of past climatic changes. We hypothesise that the size of spalls
and the rate of exfoliation are dependent upon climatic conditions such as temperature and
precipitation. We apply this principle by analysing the size and concentration of granite spalls within
the stratigraphy of Pomongwe Cave, to reconstruct the palaeoclimatic conditions that prevailed during
its occupation. Our results indicate that the environmental conditions changed through time, and this
is reflected by the occurrence of granite spalls of varying sizes and concentrations. However, the
results in this paper present a proof of concept that requires further investigation.
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1. Introduction

Climatic changes were experienced globally during the shift from the late Pleistocene to the early
Holocene, significantly impacting the behaviour of early modern humans. These climatic changes are
believed to have played a critical role in human history. Climate changes had implications for the
development of modern human behaviour, the expansion of human populations, and their dispersal
(Potts 1998; Mellars 2006; Backwell et. al. 2014). Furthermore, the climatic changes that prevailed
during the terminal Pleistocene to early Holocene resulted in the development of various tool
technocomplexes (Robinson 2023). Unfortunately, in Africa in general and Zimbabwe in particular,
limited studies on palacoenvironmental reconstructions have been conducted to contextualise these
dynamics. The limited studies are to some extent a result of a lack of interest and expertise in the area,
but the major impediment is the difficulty in finding signatures of climate change in the
archaeological record. In other parts of southern Africa, substantial data have been recorded in
stalagmites and stalactites from caves, especially limestone caves (Holzkdmper et al. 2009; Braun et
al. 2019). Unfortunately, these are not commonly found in association with Stone Age sites in
Zimbabwe because of the predominance of granite landforms in the country. This dearth in
palacoenvironmental proxies coupled with the abundance of granite has led us to explore whether the
use of granite spalls, that are ubiquitous at terminal Pleistocene/early Holocene sites, can be used as
proxy data for the reconstruction of palacoenvironmental conditions. In this regard, we use
Pomongwe Cave as the case study in this research.

The site of Pomongwe in the Matobo UNESCO World Heritage Landscape has cultural material that
dates from the terminal late Pleistocene to the terminal Holocene (Nhamo-Katsamudanga & Chiwara-
Maenzanise 2023). Pomongwe has material that dates to >13 000 BP which falls within the terminal
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late Pleistocene. It has yielded abundant granite spalls incorporated into the stratigraphic layers.
However, this is not a unique case, with extensive occurrences of granite spalls having been recorded
at other sites of the same period including but not limited to: Tshangula, Nswatugi, Bambata (in the
Matobo), Zombepata (northern Zimbabwe), Ruchera (northeastern Zimbabwe), Redcliff (Midlands),
and Diana's vow (southeastern Zimbabwe) (Cooke 1963, 1971; Walker 1995). As such, the use of
granite spalls, if found viable, would greatly widen the scope of palacoenvironmental research in
Zimbabwe. It would improve the availability of stable and reliable proxy data that would make
temporal and spatial inter-site comparisons easier, currently a major shortfall as identified by
Katsamudanga and Nhamo (2016), especially for the Stone Age.

2. Background to palaeoclimatic studies in Zimbabwe

Generally, as compared to other components of the past, palacoenvironments are not well-researched
in Zimbabwe, and in general climate proxies most commonly used in palacoenvironmental research
are lacking (Walker 1995; Katsamudanga & Nhamo 2016). The first attempts to reconstruct
palaeoenvironments in Zimbabwe explored the use of geomorphological processes for this purpose.
Bond (1949, 1957) was the main proponent of this approach. He made concerted efforts to reconstruct
palaeoclimates based on physical evidence of erosional and depositional processes, i.e., based on
signatures of pluvial and fluvial processes. The size and distribution of pebbles in riverbeds were used
to estimate precipitation levels, with larger pebbles seen to indicate higher river discharge during wet
periods (Bond 1964). These pluvial studies enabled Bond (1949, 1957, 1964, 1965) to estimate the
changes in temperature and precipitation within particular periods. For example, he studied pebble
sizes to estimate that the Earlier Stone Age (ESA) experienced two wet periods: the first was during
the transition from the Oldowan to Acheulean, during the early Pleistocene; the second wet period
was identified during the late Acheulean, falling within the middle Pleistocene (Bond 1949). In these
studies, while pebble size serves as proxy of the amount of water being discharged by rivers, by
extension it can also clarify the amount of precipitation falling during a particular period (Dollar
1998). During the wet periods, the rivers have much more carrying capacity than during the dry
periods, therefore they can carry larger pebbles further along the rivers. This kind of evidence was
derived from sites along the Zambezi River, such as from the Victoria Falls area, and the Lochard and
Khami Waterworks near Bulawayo (Summers 1960; Bond 1964, 1965).

However, the use of fluvial and pluvial processes in reconstructing palaecoenvironmental conditions
was not without challenges. The chronometric dating of these processes is challenging, which is why
researchers such as Bond relied on relative chronologies based on the type of associated stone tools
(Acheulean, Sangoan, etc.). Thus, this research was dependent upon the extent of archaeological
research at the time. In addition, as Dollar (1998) observes, the evidence used can be a result of other
factors besides climate or environmental change. The evidence is also limited in occurrence to the
Zambezi and other fairly large rivers in the country.

In addition to fluvial and pluvial processes, dry periods were detected based on chemical processes in
the formation of silcrete, calcrete, and ferricrete deposits on stone tools. These deposits occur under
conditions of reduced precipitation of less than 450 mm of rainfall (Bond 1964). Some Acheulean and
Sangoan tools that occurred in these deposits were argued to derive from such drier periods (Bond &
Clark 1954; Bond 1964). Further geomorphological evidence in the form of acolian sands was used to
reconstruct palacoenvironments in the Hwange National Park and at Victoria Falls. Evidence of
aridity comes from the intensification of dune fields, whereas the erosion of the dune surfaces
indicates wet periods (Haynes 1996). Haynes (1996) found evidence of extreme fluctuations between
dry and wet periods in the Hwange National Park, especially during the early Middle Stone Age
(MSA) between 130-120 kya. The occurrence of the wet periods was supported by sedimentological
evidence of ancient lakes, and ponded water in both the Hwange National Park and the neighbouring
Makgadikgadi Basin in Botswana (Haynes 1996). Although both the aeolian sands and
sedimentological evidence constitute good proxies for palacoenvironmental changes, their occurrence
is as limited as that of the other geomorphological data and, therefore, cannot be relied on to provide
extensive data for most parts of Zimbabwe.
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Other researchers have inferred palacoenvironmental conditions from faunal remains. For example, a
wetter phase of the Bambata period (MSA) was identified using faunal remains by Brain (1969) and
Cruz-Uribe (1983) at the site of Redcliff in the Midlands region of Zimbabwe. Here, the presence of
the extinct giant Cape horse (Equus quagga) was used to infer cooler and wetter conditions during the
Bambata period (Cruz-Uribe 1983). Although some faunal assemblages from archaeological sites
provide insights into vegetation and climate, the signatures are too specific to have broader
applications. For example, Cruz-Uribe (1983) found only one animal that is climate-sensitive.

Researchers who have worked on the terminal late Pleistocene and early Holocene have also tried to
reconstruct the palaeoenvironment. Walker (1995) came up with a hypothetical model of past
environments in the Matobo based primarily upon palaeoclimatic data from southern Africa. This
model is discussed in detail elsewhere in the paper, but what is critical to note here is that it relied
heavily on evidence from outside Zimbabwe, i.c., from South Africa and Botswana. This scarcity of
local palacoenvironmental proxies led us to consider the use of granite spalls.

In most cases, the size of granite flakes can reveal important clues about the environmental conditions
under which they formed or were altered. Large spalls result from slow and less intense weathering
processes, such as from freezing and thawing action. On the other hand, small flakes reflect more
intense mechanical weathering, such as through exfoliation associated with thermal stress from dry
conditions (Anderson & Anderson 2010). However, smaller flakes can also result from chemical
weathering which intensifies during wet periods because of elevated moisture content and organic
acids (Boggs 2006). Therefore, by studying granite flake sizes in association with other variables such
as cultural indicators, we can infer palacoenvironmental histories of specific regions.

Granite is an excellent rock type for inferring these palacoenvironmental conditions because of its
durability and resistance to weathering, owing to its composition of quartz, feldspar, and mica,
making it a reliable recorder of long-term environmental changes (Plummer et al. 2016). Granite also
exhibits distinct and predictable weathering patterns, such as exfoliation, block disintegration, and
granular disintegration, which are strongly influenced by environmental factors such as temperature,
moisture, and biological activity (Migon 2006; Marshak 2019). Exfoliation (spheroidal weathering)
occurs when the outer layers of granite expand and contract due to repeated heating and cooling in
arid and semi-arid regions. Over time, this causes the outer layers to peel away in curved sheets or
shells. Block disintegration occurs when granite breaks into smaller, angular blocks as it separates
from the parent rock along pre-existing joints or fractures. Environmental forces, such as freeze-thaw
cycles, contribute to this process (Migon 2006; Anderson & Anderson 2010; Marshak 2019). Granular
granite disintegration is in most cases a result of chemical weathering, especially in cave
environments like those at Pomongwe with heightened humidity and biological activities. In such an
environment, minerals such as feldspar and mica react with water through the processes of hydrolysis
and oxidation to form clays and iron oxides, leaving quartz behind as loose granules (Ollier 1984;
Goudie & Viles 1997). Therefore, all these visible and measurable weathering features can facilitate
the analysis and quantification of palaeoenvironmental conditions (Boggs 2006).

Granite is widespread in Zimbabwe (Mugumbate 2013) and much of southern Africa (Twidale 2012).
In Zimbabwe, there is an abundance of granite spalls at archaeological sites such as Pomongwe,
Bambata, Nswatugi, and Amadzimba (Cooke 1963). Cooke (1971) also found granite spalls at other
sites in Zimbabwe, such as at Ruchera and Zombepata in northeast and northwestern Zimbabwe. The
potential of finding granite spalls at other Stone Age sites in cave environments elsewhere in
Zimbabwe is very high, making the exploration of this ubiquitous material a potentially powerful
palacoenvironmental proxy. Once sufficient methods are established, they can facilitate comparative
studies of palaeoenviromental conditions across the country and the region. Therefore, the major aim
of this paper is to study the granite spalls found in stratigraphic levels at Pomongwe, and to establish
whether they can be used as complimentary proxies of palacoenvironments in Zimbabwe. Although
the use of the spalls in this way has been alluded to by Cooke (1963), there has no systematic study,
either in the region or elsewhere globally, that has used spalls to establish past environments. As such,
this paper is such an attempt. Sumner et al. (2012) cite several studies that describe the exfoliation of
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different rock types due to climatic conditions. Although these studies were done mainly in relation to
the effects of weathering on rock art, their insights are crucial to our paper.

3. Pomongwe Cave

Pomongwe Cave (Fig. 1) is located approximately 34 km from Bulawayo, Zimbabwe's second-largest
city. It is located within the boundaries of the Matobo National Park, facing northeast at the end of a
small valley. The cave floor is positioned about three metres above the valley floor (Walker 1995).
The cave is about 20 by 20 metres, with a ceiling height above bedrock of about 15 metres (Cooke
1963; Walker 1995; Porraz et al. 2023).
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Figure 1. Pomongwe Cave in relation to other Middle Stone Age sites in Matobo such as Bambata, Nswatugi
and Cave of Bees (map by Humphrey Nyambiya).

Geologically, the Matobo comprises a granite massif that is brownish-grey in colour and consists of
medium sand-sized grains (Grout 1935; Pye et al. 1984). The massif is about 2.65 billion years old
and it covers 2050 km? (UNESCO 2003). Other rock pockets found in the Matobo include augen
gneisses, older granites, and grandiosities, with additional minor intrusions of quartz and dolerite
veins (Walker 1995). Smith (1968) noted that there are two types of quartz veins in the Matobo
Cultural Landscape. The first type is the result of fracture infilling and the second occurs as single
stringers on veins not related to a fault or a fracture zone (Smith 1968).

The deep caves commonly found in the Matobo granite seem to have formed through negative and
spheroidal exfoliation, a process where curved layers of rock are peeled away, creating dome-shaped
hills. The spheroidal exfoliation occurs in well-jointed rocks when the water penetrates the joints and
attacks the blocks from all sides (Basu & Bandyopadhyay 2014). This process is influenced by flow
patterns that were created during the formation of the rock, temperature changes that take advantage
of fracture planes, and the natural weaknesses of the rock (Smith 1968; Walker 1995; Broderick &
Hubbard 2016). This results in the breaking off of a succession of curved layers that eventually form
the caves.
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Although there are several other archaeological sites in the Matobo Landscape, the focus of this
research is on Pomongwe Cave (Fig. 2) because there is an abundance of well-preserved granite spalls
within different stratigraphic levels. This allows us to compare their variation in size and
concentration over time, and to assess whether it is possible to reconstruct the palacoenvironmental
conditions. Cooke (1963) excavated three trenches, i.e., I, II, and III, at Pomongwe Cave in the 1960s.
Trench I has deep stratigraphy down to about 4 metres with MSA and Later Stone Age (LSA)
sequences that are separated by a thick layer of spalls, which is devoid of cultural material. The other
two trenches were shallower.

$ 35 o i

Figure 2. Pomonge Cave exterior view (upper image) and interior view (lower image) (CNRS/Matobart
Project).

Following up on this work, Walker (1995) later excavated the site in the 1970s. He excavated two
trenches, i.e., IV and V, with the deepest at about 1.4 metres. Walker (1995) focused on the LSA
stratigraphy only and for both trenches, he excavated 14 units that were subdivided into different
squares and subunits. A square consisted of a large horizontal sub-division of the trench. Trench V
had three squares, i.e., squares PM, PY, and PZ (Table 1), and these were then divided into spits on
the vertical axis. Spits are the subdivisions of the levels, which followed a fixed thickness of 2 cm
(rather than following the natural layers of the sediment). Walker (1995) collected all the granite
spalls and chips that he came across during his excavations, allowing us to study the spalls from
trench V with precise contextual and temporal control derived from the established stratigraphic
levels, and to hypothesise patterns of granite spalling. Pomongwe Cave’s trenches I and V were re-
opened in 2018 by Guillaume Porraz and his colleagues as part of the Matobart Project. This new
project aims to clarify the chrono-cultural sequence and chrono-stylistic variation of rock art at the
site (Porraz et. al. 2023).

4. Methods of data collection and analyses
Spalls were sampled from all the levels (I-XIV) of square PM only; squares PY and PZ were not
sampled because they did not contain spalls in all the levels. The levels for square PM comprise 107
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spits in total. Levels can be referred to as the subdivisions of the stratigraphy on the vertical axis in
relation to soil colour and textural changes. These levels are then subdivided into different spits. All
the levels had spalls but some spits did not contain any spalls, for example spits 18, 26, 39, 41, 45,
and 63. Some of the spits that contained spalls are 1, 19, 27, 36, 42, 44 and 51. We analysed 1650
spalls and excluded those that had a length of <1 cm; these were weighed using a scale. Metric
measurements such as length, width, and thickness were recorded using a vernier calliper. A
calculation of the arithmetic mean of the length, width, thickness, and weight was generated to
explore spall size variation. When trench V was re-opened in 2018, the distribution of spalls across
the exposed profile was investigated using high-resolution photographs. This provided a visual
impression of the distribution of spalls across the different stratigraphic layers.

Table 1. Walker’s trench V archaeological correlations (modified from Walker 1995; Porraz et al. 2023).

Level | Member | Context PY (square) | PM (square) | PZ (square) | Chrono-cultural | Radiocarbon age | Lab ID
I A Loose surface dust 1-4 2-17 None Modern - -

11 B White ash 5-28 18-25 2-17 Amadzimba 4090+70 BP Pta-3085

111 B Brown ash 29-32 26-29 18-19 Amadzimba 4810+80 BP Pta-3083

v B White ash 33-45 36-40 20 Amadzimba -

\% B Pale brown 46-48 41-43 21-23 Nswatugi -

VI B White ash 49-52 44-50 24-28 Nswatugi - -

Vil B Brown ash 53-60 51-66 29-33 Nswatugi 8420+80 BP Pta-3470
vil | B White ash 61-65 Absent Absent Nswatugi -

X B Black ash 66-67 67-75 34-36 Pomongwe -

X B White ash 68-69 76-78 - Pomongwe - -

XI B Brown ash 71-73 79-91 - Pomongwe 95004120 BP Pta-3117
XII B Pale brown ash Absent 92-93 - Maleme - -
XII B Black ash 74-78 94-97 - Maleme 12 300100 BP Pta-3118
X1V C Pale brown ashy loam 80-87 102-107 - MSA -

5. Results

The metric attributes

The spalls exhibited a wide range of sizes (Figs 3 & 4), varying significantly across the different spits.
This substantial disparity in spall sizes provides an opportunity to explore the relationship between
size variations and differing environmental conditions, particularly since these variations occur across
distinct stratigraphic levels. For instance, the calculated averages of the spalls reveal that level IV
contains the largest spalls, with an average length of 3.2 cm, whereas levels VII and XII contain the
smallest spalls, with average lengths of 1.9 cm. These differences in spall size across levels may
reflect changes in environmental conditions over time, offering valuable insights into the weathering
processes at play.

Variation of spall sizes

M Length (cm) M Width (cm) B Thickness (cm)

[ B = T ¥ R o e = e
L 1 ]

Figure 3. Variation of spall sizes (cm) at Pomongwe Cave.
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Figure 4. Examples of spalls from trench V.

However, the distribution of spall sizes varies across different levels. Some levels contain a mix of
both small and large spalls, while others are predominated by either large or small spalls. For
example, level X, which contains a total of nine spalls, includes both large and small spalls. In
contrast, level VII contains only small spalls, with a maximum mean length of 4 cm. These patterns
highlight the variability in spall sizes across different levels, which may reflect distinct environmental
or depositional conditions.

The spall size variation across the different spits becomes evident when comparing the number of
spalls and their respective weights (Fig. 5). For instance, spit 76 contains only three spalls, yet these
spalls have a significantly higher average weight of 61.67 g. In contrast, spit 6 in level I contains 24
spalls, but the average weight is much lower at 5.62 g. An even more striking example is spit 105,
which contains 115 spalls but has a mean weight of just 3.19 g. These comparisons highlight clear
differences in spall size, as the average weight decreases significantly as the number of spalls
increases. This trend underscores the relationship between spall size and quantity, with larger spalls
being fewer in number and smaller spalls being more abundant.
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Figure 5. Comparison of spall concentration in relation to their weight.
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In addition to the analysis of average length and mean weight, the concentration of spalls across levels
also revealed significant disparities. Level XIV contains the largest number of spalls, with 482 spalls
accounting for 29.2% of the total assemblage. This is followed by level VII, which contains 210
spalls, representing 12.8% of the analysed pieces. In contrast, level X has the fewest spalls, with only
nine spalls, making up just 0.5% of the total assemblage. These findings highlight the uneven
distribution of spalls across levels, which likely reflects differences in environmental conditions,
potentially due to varying types of weathering and their intensity across the stratigraphic layers.

Overall, the relationship between spall counts, average weight, and average length reveals important
patterns in the weathering and depositional processes across different levels (supporting online
material [SOM] Table 1). Levels with higher spall counts, such as level XIV with 482 spalls, tend to
have smaller average weights and lengths, indicating that these levels experienced more intense
weathering or fragmentation, resulting in a greater number of smaller spalls. In contrast, levels with
fewer spalls, such as level X with only nine spalls, often exhibit larger average weights and lengths,
suggesting less intense weathering processes. Other levels, such as level VII with 210 spalls, show
intermediate values, reflecting conditions that promote moderate weathering processes. These trends
highlight how spall size and quantity are inversely related, with higher spall counts corresponding to
smaller, lighter fragments and lower spall counts associated with larger, heavier pieces (Fig. 5). This
relationship provides valuable insights into the varying intensity of weathering processes and
environmental conditions across the different stratigraphic layers.

6. Discussion

Palaeoenvironmental reconstructions at Pomongwe Cave

The goal of this paper was to ascertain whether granite spalls found in archaeological levels could
serve as proxies for reconstructing palaecoenvironments. A sample of spalls recovered from the site of
Pomongwe in the Matobo UNESCO World Heritage Landscape were counted, measured, and
weighed according to their stratigraphic levels. The results were then compared across stratigraphic
levels to see if they showed varying weathering conditions, possibly resulting from varying
environmental conditions.

The analyses have demonstrated significant potential for using granite spalls to reconstruct past
environmental conditions at the site of Pomongwe. The examination of spall size, weight, and
distribution has provided valuable insights into the weathering processes and possible environmental
changes that occurred over time. Variations in these attributes across stratigraphic units may imply
distinct periods of intense weathering (high spall counts, small spalls), moderate weathering
(intermediate spall counts, mixed sizes), and reduced weathering (low spall counts, large spalls).

Drawing on the principles of granite weathering, periods of intense weathering (high spall counts,
small spalls) are linked to intense mechanical and chemical weathering processes. These periods
likely correspond to warm and humid conditions, where high rainfall and biological activity
accelerated the breakdown of granite into smaller fragments (Sumner et al. 2012). The presence of
smaller spalls indicates prolonged exposure to moisture, which promotes chemical weathering
processes such as hydrolysis and oxidation (Ollier 1984; Goudie & Viles 1997). Such conditions may
align with phases of increased precipitation, during which the climate was conducive to rapid rock
disintegration. The presence of both small and large spalls suggests intermittent weathering intensity,
where periods of moisture alternated with drier conditions (Anderson & Anderson 2010; Sumner et al.
2012). Limited moisture leads to the predominance of mechanical processes such as freeze-thaw
cycles, thermal stress, or salt weathering (Marshak 2019). These conditions may correspond to glacial
periods or other phases with reduced rainfall.

The uneven distribution of spalls across levels, with some levels predominated by small spalls and
others by larger fragments, highlights oscillations between wet and arid conditions at Pomongwe.
These variations were driven by climatic changes over time, particularly during the terminal late
Pleistocene and early Holocene. The presence of intermediate levels (e.g., level VII) further supports
the idea of transitional climatic conditions. Periods of moderate weathering, characterised by
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intermediate spall counts and a mix of smaller and larger spalls based on their average weights and
lengths (e.g., level VII with 210 spalls), are associated with fluctuating environmental conditions.
These periods likely represent transitional phases between humid and arid climates. Periods of
reduced weathering, characterised by low spall counts (e.g., level X with nine spalls) and
predominated by larger spalls with greater average weights and lengths, likely reflect arid or semi-arid
conditions.

The spall data aligns with regional climatic records, suggesting that Pomongwe experienced cyclical
environmental changes similar to those experienced at other sites in southern Africa. These changes
were likely influenced by global climatic events, such as glacial-interglacial cycles, which affected
rainfall patterns and temperature regimes (Partridge et al. 1997). For example, the Last Glacial
Maximum (LGM) in southern Africa is associated with arid conditions and reduced weathering, while
the early Holocene is characterised by warmer and wetter conditions, consistent with the patterns
observed at Pomongwe (Tyson 1986; Thomas & Shaw 2002; Chase & Meadows 2007). Although the
levels studied at Pomongwe do not extend to the LGM, Cooke (1963) has reported a level of large
spalls in trench I that could date to the same period, further supporting the link between spall size and
climatic conditions.

When combining the data from Pomongwe with previous palacoenvironmental reconstructions done
in Zimbabwe, it shows some interesting correlations (Walker 1995; Katsamudanga & Nhamo 2016).
Katsamudanga and Nhamo (2016) indicated that at around 20-35 ka, there was a transition from
warm, wet conditions to dry, cool conditions. Walker (1995) noted cold, dry conditions from 20 ka to
about 15 ka, after which the climate began to ameliorate, becoming cool and wet by 14 ka (Table 2).
Walker’s (1995) reconstructions also show that around 12 ka, the temperature was warm and rainfall
patterns were moderately wet. Katsamudanga and Nhamo (2016) suggest that conditions were cool
between 11 and 12 ka, with wet conditions returning by 10 ka. Walker (1995) indicates slightly cooler
conditions at 8 ka, while Katsamudanga and Nhamo (2016) describe wet conditions from 9.4 to 4.8
ka. These patterns reveal frequent oscillations in temperature and moisture at the beginning of the
Holocene, reflecting the dynamic nature of the region’s climate.

Table 2. Postulated environmental conditions at Pomongwe based on granite spall analysis, where the spall
details include their sizes and counts.

Level | Spits Age Temp/rainfall |Spall details |[Archaeological materials [Weathering processes Environmental conditions
. Intermittent chemical and -
51-62, | 8420+80 BP Intermediate . mechanical weathering; Tran.smonal phasgs bem./een
VII Cool/wet spall counts, |Large quantity . humid and arid climates;
64-66 (Pta-3470) . . alternating wet and dry . .
mixed sizes . fluctuating moisture levels
conditions
L ow spall Mechanical weathering
X1 79, 81, | 9500£120 BP Cool/wet 001‘1:,1 tsp laree |Larec quantit (freeze-thaw cycles, Arid or semi-arid conditions;
83-91 (Pta-3117) spalls »arg ged ¥ thermal stress, salt limited moisture
P weathering)
. Chemical weathering . s
95-97, | 12 300£100 BP High spall (hydrolysis, oxidation); | arm and humid conditions;
XIII Warm/wet counts, small [Few . ; high rainfall and biological
99-101 (Pta-3118) mechanical weathering A
spalls . activity
(root wedging)
High spall (CllhilTéfali\:’e(?;}ilg;?fn)' Warm and humid conditions;
XIV [102-107 Undated Very cold/wet [counts, small [Very few YCIOTysIS, . high rainfall and biological
mechanical weathering A
spalls . activity
(root wedging)

Similar patterns have been identified at other sites in the Matobo Hills, such as at Bambata and
Tshangula. Walker (1985) argued that these sites exhibit intense weathering during humid phases and
reduced weathering during arid periods, aligning closely with the spall data from Pomongwe. This
suggests that the climatic fluctuations observed at Pomongwe were part of a broader regional trend
during the late Pleistocene and Holocene.

In the Kalahari region, Thomas and Shaw (1991) have also documented evidence of arid conditions
during glacial periods, characterised by reduced spall counts and larger fragment sizes. These findings
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are consistent with the patterns observed at Pomongwe, further reinforcing the idea that granite spalls
have the potential to serve as a reliable proxy for reconstructing past climatic changes across southern
Africa.

Human response to palaeoenvironments at Pomongwe Cave

The weathering patterns observed at Pomongwe provide valuable insight into the relationship between
environmental conditions and site occupation. Periods of intense weathering (high spall counts) likely
coincided with more favourable conditions for human activity, such as increased water availability
and vegetation cover. In contrast, aridity — whether from hot or very cold temperatures (low spall
counts) — may have challenged resource availability, influencing human mobility and settlement
patterns (Deacon & Deacon 1999; Grove 2009). The spall data, combined with archaeological
evidence, allow for the exploration of how humans responded to changing environmental conditions
over time.

At Pomongwe, levels with archaeological evidence are indicated in Table 2. Cool, wet conditions are
indicated for level VII, dated to 8420+80 BP (Pta-3470), which would have supported abundant
vegetation and water resources. The large quantity of archaeological remains in this level suggests
substantial human occupation during this time, likely due to the favourable environmental conditions.
However, level XI (9500+120 BP, Pta-3117), although also reflecting cool, wet conditions, shows a
significantly lower number of spalls compared to level VII. This difference may indicate variation in
precipitation, with level XI experiencing less intense rainfall. Despite the lower spall count, the
substantial quantity of archaeological materials suggests that human occupation persisted, possibly
due to the availability of sufficient resources even under slightly drier conditions.

The warm, wet conditions during level XIII, dated to about 12 300+100 BP (Pta-3118), may have
promoted intense weathering, leading to minimal human occupation of the cave. The archaeological
materials from this level are relatively few, alluding to this possibility. Despite the warm, wet
conditions, other factors such as excessive moisture may have made the cave less habitable. This is
especially accentuated in level XIV (~13 ka) with wet conditions and high precipitation that must
have led to the accumulation of a large number of granite spalls. Level XIV contains the least
archaeological materials of all the levels at Pomongwe, which suggests that the cave may have been
abandoned due to high precipitation and intense weathering. This may have rendered the cave
unsuitable for human habitation, resulting in only sporadic occupation.

7. Conclusion

This study has demonstrated that granite spalls have the potential to be used as a proxy for
reconstructing past environments. Patterns of granite spalling reveal that climatic conditions
significantly influence the rate of granite exfoliation. Specifically, this study found that cool, wet
conditions resulted in fewer, large spalls, as evidenced by the observed accumulation patterns in the
stratigraphy. In contrast, high precipitation plays a pivotal role in accelerating the exfoliation of
granite, leading to the accumulation of larger quantities of spalls.

The relationship between environmental conditions and human occupation at Pomongwe Cave further
underscores the utility of granite spalls as a palacoenvironmental proxy. The study shows that humans
occupied the cave during cool, wet periods, as indicated by the presence of abundant archaeological
remains. However, occupation became sparse or ceased entirely around 13 ka, when conditions
shifted to being very cold and wet, likely making the cave less habitable. This highlights the dynamic
interplay between climate, weathering processes, and human settlement patterns.

While the results presented in this paper help to provide a proof of concept for using granite spalls as
a proxy for palacoenvironmental reconstruction, further investigation is needed to refine and expand
this approach. Areas of future research include enhancing our chronological framework to incorporate
additional dating methods, such as Optically Stimulated Luminescence (OSL), that will facilitate
stronger inter-site correlation with regional climatic events. Another would be the analysis of granite
spalls from other trenches both at Pomongwe, and at all the other sites across Zimbabwe and southern
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Africa where granite spalls occur. This would enable the identification of broader trends in their
occurrence, further validating their reliability as proxies across different climatic contexts. The
development of quantitative models to correlate spall size, weight, and concentration, with specific
climatic parameters such as rainfall intensity and temperature fluctuations, would also improve the
usefulness of granite spalls as palacoenvironmental proxies.

In terms of methodology, the employment of macro and micro-scale analyses of the granite spalls,
including observations of weathering patterns, abrasions, and surface textures, in addition to
measuring their lengths, widths, and thicknesses, would add critical data on spall occurrences that
could then facilitate palacoenvironmental reconstructions. This additional analysis would provide a
more comprehensive basis for concluding how the spalls were formed under the prevailing past
environmental conditions. Furthermore, the investigation of the material culture found at Pomongwe
during warm, wet periods, to determine whether favourable environmental conditions fostered
experimentation and innovation in tool making and other technologies, is also important. It is known
that environmental conditions led to the development of many technological innovations in the past.
Therefore, it would be beneficial to correlate the technological developments with the environmental
conditions deduced from analyses of spalling. For example, technological innovations such as the
geometric backed artefacts coming from the Amadzimba period at Pomongwe (Chiwara-Maenzanise
et al. 2025) may have been environmentally driven.

A closer scrutiny of the occupation history of Pomongwe, particularly during the early Holocene,
would also be beneficial. While this study suggests a possible occupation break around 13 ka due to
very cold and wet conditions, such conclusions require further investigation to: 1) determine whether
there was continuity or discontinuity in occupation during the early Holocene, and 2) explore the
factors that led to the reoccupation of the cave. The integration of data from other
palaeoenvironmental proxies, such as pollen and stable isotopes, will further help to create a more
comprehensive reconstruction of past climates. By addressing these key areas, future research can
assess whether granite spalls are a robust and versatile tool for palacoenvironmental reconstruction,
contributing to a deeper understanding of past climatic changes and their impact on human societies.
Additionally, exploring the material culture and technological innovations associated with different
climatic periods will provide insights into how human populations adapted to and thrived in varying
environmental conditions.
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