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Abstract. We introduce the challenging Sterkfontein Caves dataset com-
prising ten underground scenes from a UNESCO World Heritage Site, and
use it to find a new simple baseline method that beats existing low-light
reconstruction methods upon it. Each scene is of complex surface geometry
and high-frequency texture from cave rock structures, including human-
made markings on the rock face. The captured images exhibit varied or
uncontrolled lighting over a large dynamic range, with glare artefacts, and
low signal-to-noise ratios from the challenging dark real-world capture sce-
nario. We propose a view synthesis benchmark for low-light RAW and sRGB
reconstruction. All tested NeRF and Gaussian splatting baseline methods
struggle on this data, with the best performing method in terms of reliability
and average PSNR being our Raw-Nerfacto method. We discuss these errors
in detail to find directions of future work for the community in overcoming
the significant challenges that remain in low-light high-detail scenes. Our
dataset is publicly available at https://visual.cs.brown.edu/sterkfontein.

1 Introduction

A long-term goal of view synthesis is to enable global virtual access to culturally
important, remote, sensitive, or inaccessible environments. The Sterkfontein Caves
are one such environment: a UNESCO World Heritage Site and South African Na-
tional Heritage Site that is one of the world’s richest palaeoanthropological sites.

Excavation in the ancient caves has yielded the largest collection of Australo-
pithecus fossils, including iconic specimens like Sts 5 (“Mrs. Ples”), and the most
complete early hominin skeleton, StW 573 (“Little Foot”) [27]. Beyond the rich
record of stone tools, hominin and non-hominin fauna, and fossil wood, the caves
represent important karst topographies containing diverse and complex geological
formations such as speleothems. Visual documentation of this environment is
valuable across several domains: it facilitates science communication [26], provides
virtual tourism, enables heritage and ecological conservation monitoring, and aids
primary palaeoanthropological research as part of exploration and excavation

https://orcid.org/0000-0002-9708-1024
https://orcid.org/0009-0003-6978-1394
https://orcid.org/0000-0003-4366-4125
https://orcid.org/0000-0001-9790-8848
https://orcid.org/0000-0003-0783-2072
https://orcid.org/0000-0003-2218-2899
https://visual.cs.brown.edu/sterkfontein


2 I. Liu et al.

Table 1: Characteristics and parameters of the ten scenes. Lighting: the dominant
type of light source. Self-Occ.: if the scene exhibits notable self-occlusion on the surface.
Co-Loc.: whether the images were taken with a co-located light source. ISO: ISO level.
Shutter: shutter speed measured in seconds. Views: number of unique views in the scene.

Location Label Characteristics Lighting Self-Occ. Co-Loc. ISO Shutter Views

Deposit1 D1 Glare Artificial ✓ ✗ 2000 1/10 99
Deposit2 D2 Contrast Loss Artificial ✗ ✓ 2000 1/100 105
Deposit3 D3 Self Occlusion Artificial ✓ ✗ 2000 1/100 89
Deposit4 D4 Self Occlusion Artificial ✓ ✓ 2000 1/100 87

Tunnel1 D5 Low Light Natural ✗ ✗ 3200 1/10 80
Tunnel2 D6 Low Light Both ✗ ✗ 2000 1/100 102

Protrusion1 D7 High Dynamic Range Natural ✓ ✗ 2000 1/100 175
Protrusion2 D8 High Dynamic Range Both ✓ ✗ 2000 1/100 98

RoofPendant1 D9 Low Light; Scale Artificial ✗ ✓ 2000 1/10 116
RoofPendant2 D10 Scale Artificial ✗ ✓ 2000 1/100 124

(a) Relative log-scale luminance distribution
normalised to exposure and ISO per dataset.

(b) Radial frequency profile of scenes shows still
high energy at high frequencies.

Fig. 1: Luminance distribution and radial frequency profiles for the ten scenes.

programmes. Novel view synthesis (NVS) is a promising approach to further
these efforts by providing an intuitive 3D viewing experience from captured
photographs [13,18,21].

However, while some NVS methods have addressed low-light conditions
[4, 19, 37], the Sterkfontein Caves present a formidable challenge that exist-
ing approaches do not adequately handle. Illumination in the caves may come
from narrow shafts of natural light or weak artificial sources, creating large unlit
or shadowed regions, strong self-shadows, high dynamic range, glare, and low
signal-to-noise ratios. Surface geometry and material vary abruptly, producing
high-frequency appearance changes. To complicate matters, field geologists and
palaeoarchaeologists may only have simple imaging equipment like smartphones
and may need to work quickly with limited power and site access. Thus, beyond
providing examples of digital preservation for an important global archaeolog-
ical site, the Sterkfontein Caves dataset also provides a challenging test-bed to
evaluate the efficacy of NVS methods and to further their research.

We contribute a dataset and an analysis of NVS methods that reveals a
new state-of-the-art baseline. The Sterkfontein Caves dataset is the first public
multi-view RAW capture of scenes from a UNESCO World Heritage cave system.
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We capture ten scenes with varied lighting configurations and camera parameters
to create different reconstruction challenges, and include 80-exposure stacks from
which we derive a low-noise reference view. Characteristics and details of these
scenes are provided by Tab. 1 and Fig. 1.

We evaluate ten methods for RAW and sRGB inputs on this data. These
include standard NeRF and GS methods, those explicitly designed for low-light
settings, and methods that denoise for low SNR settings. Overall, we find the aver-
age performance to be poor, that denoising via learned priors may not generalise
to the geological setting and so is often worse than no denoising, and that low
light methods are not necessarily better than standard methods. Through this,
we uncover a simple adapted baseline—Raw-Nerfacto—that consistently produces
good results without catastrophic failures and is able to expose scratched writing
on rock faces. Importantly, quantitative metrics often mislead in describing errors
within low-light imagery; we instead lean on qualitative analysis to identify re-
search directions for the community. Overall, the digital preservation of heritage
sites with harsh illumination remains a challenge, and our contributions aim to
further research in recording humanity’s most important archaeological locations.

2 Related Work

Datasets for Novel View Synthesis. Early benchmarks for neural rendering
focused on controlled conditions. Synthetic datasets like Blender scenes [21]
and the LLFF collection [20] provide clean imagery with known camera poses,
while indoor datasets such as Replica [28] and ScanNet [5] capture structured
environments under consistent artificial lighting. Knapitsch et al. [14] introduce
outdoor scenes with natural lighting but maintain high luminance and SNR with
good visibility.

For larger-scale scenes, Tancik et al. [30] demonstrate city-wide reconstruction
from internet photos, while MegaScenes [33] provides diverse outdoor imagery. The
OMMO dataset [17] combines RGB and point clouds for multi-modal reconstruc-
tion, and recent benchmarks like GigaNVS [34] target unbounded, high-resolution
capture. Despite their scale, these datasets again feature well-illuminated scenes
with good visibility conditions.

Heritage and archaeological site documentation remains underexplored in the
neural rendering literature. Existing methods rely on photogrammetry, terrestrial
laser scanning [7, 10], and lidar-based cave mapping techniques [6, 42], which
prioritise geometric accuracy over photorealistic appearance modelling. These
include complex robotics mapping problems in demanding circumstances [38, 39]
and part of the DARPA Subterranean Challenge [32]. But, to our knowledge, no
dataset exists that benchmarks NVS methods in challenging lighting conditions
while providing scientific relevance in adjacent fields such as palaeoarchaeology.
Low-Light Neural Rendering. Standard NeRF and 3DGS pipelines suf-
fer degradation under low-light conditions due to nonlinear tone mapping that
introduces multiview inconsistencies and noise amplification in shadows. RawN-
eRF [19] addresses these limitations by training directly on linear RAW sensor
data, preserving high dynamic range while leveraging multi-view aggregation
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