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TL;DR

The application of artificial intelligence to archaeology has advanced to physically validating how carbonized
texts are read, while simultaneously igniting severe international conflicts over remote sensing data
sovereignty. As funding shifts toward tech-giant philanthropy, the field is fracturing between
corporate-sponsored data extraction and indigenous-led, sovereign Al co-design.

The Physics of Virtual Unwrapping

The virtual restoration of ancient texts has transitioned from speculative machine learning predictions to
physically validated science.

"Building on earlier X-ray phase contrast tomographic and microscopic observations suggesting that relief
contributes to letter visibility, we show that surface morphology of written regions contains enough signal to
distinguish ink from papyrus.” — ai-text-decipherment-aeneas-vesuvius

By proving that ancient ink leaves a microscopic physical "bump" detectable at sub-micrometer scales,
researchers Giorgio Angelotti, Federica Nicolardi, Paul Henderson, and W. Brent Seales have established a
concrete physical foundation for artificial intelligence decipherment [Angelotti et al., arXiv:2603.27698]. This
microscopic physical structure reduces the risk of generative models hallucinating text during the virtual
unwrapping of carbonized scrolls ai-text-decipherment-aeneas-vesuvius.

What to watch: Watch whether future X-ray CT scans of unopened Herculaneum scrolls are captured at
spatial resolutions finer than the critical 3.40-micrometer threshold where the morphological signal begins to
degrade ai-text-decipherment-aeneas-vesuvius.

The Sovereign Backlash to Crowdsourced AI Discovery

High-altitude remote sensing is triggering a fierce geopolitical conflict over who owns the coordinates of
undiscovered historical sites.

"Daniel Kuikuro, president of the Kuikuro Indigenous Association of the Upper Xingu, says he fears data
generated by the contest could lead to vandalism of Indigenous sites from groups opposed to Indigenous
land rights.” — non-invasive-subsurface-archaeology-gpr-lidar

Bypassing local consent via corporate-sponsored hackathons like the OpenAl to Z Challenge exposes
sensitive heritage to looting and political exploitation [Sofia Moutinho, Science (July 2025)]. In response,
collaborative frameworks like DINO-CV demonstrate that high-accuracy machine learning can be co-designed
to keep geospatial data strictly in the hands of traditional owners
non-invasive-subsurface-archaeology-gpr-lidar.



What to watch: Watch how national governments and Indigenous organizations respond to corporate-owned
geospatial data models in the wake of Brazil's intervention in the OpenAl challenge
commercial-opportunities-funding-crm-archaeology.

The Commercial Realignment of Archaeological Capital

Archaeological funding is splitting between corporate-backed crowdsourcing and sovereign public-private
partnerships.

"University of Virginia technology ethicist Lori Regattieri adds that under the challenge rules, all data
submitted by contestants and their computer models become the property of OpenAl. She suggests the
company is selling the challenge as an archaeology research project when its real goal may be to enlist free
labor to test Al geospatial models.”" — commercial-opportunities-funding-crm-archaeology

Silicon Valley is leveraging public archaeology to acquire proprietary training data under the guise of
philanthropy, while traditional public funding agencies are backing models that secure data sovereignty [Sofia
Moutinho, Science (July 2025)]. This tension creates a lucrative market for niche consulting firms that can
build secure, localized models for governments and local communities rather than relying on centralized,
corporate-owned platforms commercial-opportunities-funding-crm-archaeology.

What to watch: Watch for the rise of specialized consulting firms securing contracts to build sovereign Al
pipelines for cultural resource management commercial-opportunities-funding-crm-archaeology.

What surprised us

* Ink leaves a microscopic physical bump. In a study published in Scientific Reports, researchers
proved that carbon-based ink alters the papyrus surface topography by an incredibly minute scale,
allowing Greek letters to be read purely through three-dimensional shape analysis
ai-text-decipherment-aeneas-vesuvius.

« An OpenAl hackathon sparked a diplomatic incident. The Brazilian government formally intervened
in OpenAl's "OpenAl to Z Challenge" after the contest mapped 67 potential Amazonian archaeological
sites without consulting any of the hundreds of local Indigenous groups
non-invasive-subsurface-archaeology-gpr-lidar.

+ Al can map ancient ruins with almost no labeled data. The DINO-CV framework maintained a highly
accurate 63.8% mean Intersection over Union when trained on just one-tenth of annotated data, proving
that deep learning can generalize across dense forests with minimal human labor
non-invasive-subsurface-archaeology-gpr-lidar.

Open threads worth a vote

« [watch] Regulatory Precedent on Crowdsourced Al Archaeology and Data Sovereignty



Appendix: Findings

AlI-Driven Decipherment: From Aeneas to the Vesuvius Challenge

AI-Driven Decipherment: From Aeneas to the
Vesuvius Challenge

In a historic milestone for digital archaeology, the Vesuvius Challenge announced on June 25, 2026,
that an entire carbonized Herculaneum scroll has been virtually unwrapped and read continuously.
This achievement has been rapidly followed by foundational scientific validation of the physical
mechanisms behind artificial intelligence-driven reading. A major breakthrough published in
Scientific Reports on June 18, 2026, has formally proven the "morphological hypothesis": that
carbon-based ink deposited on carbonized papyrus alters the local surface microrelief sufficiently to
be detected by deep-learning models, independent of chemical composition or density contrast.

The Morphological Hypothesis and 3D Optical Profilometry

Historically, reading the sealed Herculaneum scrolls has been paralyzed by the fact that both the
papyrus substrate and the carbon-based ink are chemically carbonized, offering virtually no
absorption contrast under conventional X-ray radiography or computed tomography (CT).

To solve this, researchers Giorgio Angelotti, Federica Nicolardi, Paul Henderson, and W. Brent
Seales utilized sub-micrometer 3D optical profilometry (using a Sensofar S lynx 2 confocal system)
to capture the microscopic topography of mechanically opened papyrus fragments (PHerc. 248,
PHerc. 250, and PHerc. 500P2).

By training a deep-learning segmentation model (nnU-Net) on these high-resolution heightmaps
(captured at a native lateral sampling of 0.34um and vertical sensitivity of 8nm), they successfully
segmented ancient Greek letters with held-out Dice similarity coefficients of 0.88 to 0.90 based on
topography alone.

This proves that ink deposition leaves a microscopic physical "bump" or texture alteration that
remains readable after two millennia of volcanic carbonization. The team also mapped the
relationship between resolution and model performance, finding that the morphological signal
degrades monotonically as lateral sampling coarsens, falling sharply above 3.40um. This
quantitative boundary establishes precise spatial resolution targets for future X-ray CT scans of
unopened scrolls.

"Building on earlier X-ray phase contrast tomographic and microscopic observations suggesting
that relief contributes to letter visibility, we show that surface morphology of written regions
contains enough signal to distinguish ink from papyrus. We train machine learning models on
three-dimensional optical profilometry from mechanically opened Herculaneum papyri to separate
inked and uninked areas." — Angelotti et al., arXiv:2603.27698




"At the native sampling of 0.34um, training converged smoothly across folds. Held-out Dice
scores clustered around 0.88-0.90, supporting the claim that surface morphology alone provides
a discriminative signal for ink." — Angelotti et al., arXiv:2603.27698

Implications for Virtual Unwrapping

The confirmation of the morphological hypothesis provides a powerful dual-track validation for
virtual unwrapping pipelines:

1. Density-Based Contrast: Advanced synchrotron phase-contrast CT and X-ray fluorescence
continue to map density differentials.

2. Topographic Microrelief: The microscopic physical structure of the ink can be tracked along
the segmented mesh of the virtual papyrus.

By combining these two signals, digital papyrologists can dramatically reduce the error rates and
hallucinations of generative models, unlocking the remaining hundreds of unopened scrolls in the
Herculaneum library.

Sources
* Ink Detection from Surface Topography of the Herculaneum Papyri
« Al reveals title of 'unreadable' Vesuvius scroll for first time

Subsurface and Remote Archaeology: GPR, LiDAR, and the Data Sovereignty
Debate

Subsurface and Remote Archaeology: GPR, LiDAR,
and the Data Sovereignty Debate

Advanced remote sensing, airborne laser scanning (LiDAR), and machine learning are enabling
archaeologists to map buried and obscured historical structures across vast landscapes without
breaking ground. However, as these technologies scale, they are colliding with intense debates over
data sovereignty, indigenous heritage rights, and the ethics of crowdsourced "digital colonialism."

The OpenAl to Z Challenge: Crowdsourced Discovery and Its
Backlash

In May 2025, artificial intelligence giant OpenAl launched the OpenAl to Z Challenge, a public
hackathon offering up to $250,000 in cash and API credits. The competition challenged participants
to use OpenAl's generative models (such as GPT-40 and 03/04 mini) alongside public
datasets—including high-resolution satellite imagery, published LiDAR tiles, and historical
records—to identify undiscovered archaeological sites in the Amazon rainforest.

On August 28, 2025, OpenAl announced the winning three-person team, "Black Bean" (led by
Meta software engineer Yao Zhao). The team trained deep learning models on Google Earth



Engine and NASA digital elevation models, using GPT-40 to learn the spatial patterns of known
archaeological sites. Their model successfully flagged 67 distinct, square-mile patches across the
Amazon basin (primarily in Brazil) that are highly likely to contain ancient settlements, with a strong
clustering near accessible water sources.

Despite the technical efficiency, the challenge ignited a fierce international backlash:

 Lack of Informed Consent: Archaeologists and Indigenous leaders pointed out that OpenAl
failed to consult any of the 300+ Indigenous groups living in the target areas, violating
international treaties like the 1989 Indigenous and Tribal Peoples Convention (ILO 169).

» Vandalism and Security Risks: Daniel Kuikuro, president of the Kuikuro Indigenous
Association of the Upper Xingu, warned that publishing site coordinates could expose sacred
and historically sensitive sites to looters, land grabbers, and hostile political groups.

» Corporate Model Extraction: Technology ethicists argued that OpenAl used the guise of
archaeology to harvest free public labor to test and refine its proprietary geospatial and
multi-modal models.

« State Intervention: On July 1, 2025, the Brazilian government's Ministry of Indigenous Peoples
demanded that OpenAl halt the publication of any findings, coordinates, or data until the
company clarified its legal and methodological framework.

"The OpenAl to Z Challenge has mobilized tech-savvy researchers worldwide, but has also faced
criticism from archaeologists, Indigenous communities, and tech ethicists who argue it ignores
important research norms, including consultation with the more than 300 Indigenous groups who
live in the rainforest. Last week, the Brazilian government demanded OpenAl address the
concerns." — Sofia Moutinho, Science (July 2025)

"Daniel Kuikuro, president of the Kuikuro Indigenous Association of the Upper Xingu, says he
fears data generated by the contest could lead to vandalism of Indigenous sites from groups
opposed to Indigenous land rights. University of Virginia technology ethicist Lori Regattieri adds
that under the challenge rules, all data submitted by contestants and their computer models
become the property of OpenAl. She suggests the company is selling the challenge as an
archaeology research project when its real goal may be to enlist free labor to test Al geospatial
models." — Sofia Moutinho, Science (July 2025)

DINO-CV: Self-Supervised Learning and Collaborative
Heritage Management

To map obscured archaeological features without the ethical pitfalls of crowdsourced extraction,
researchers are turning to collaborative, self-supervised machine learning frameworks.

In November 2025, researchers from the University of Melbourne, in formal collaboration with the
Gunditj Mirring Traditional Owners Corporation, published DINO-CV. This self-supervised,



cross-view pre-training framework is designed to map low-lying, ancient dry-stone walls in the Budj
Bim Cultural Landscape in Victoria, Australia (a UNESCO World Heritage site).

Because low-lying stone walls are heavily obscured by dense vegetation in standard optical satellite
imagery, the researchers utilized airborne LiDAR data collected during the dry season. They
processed the LiDAR data into Digital Elevation Models (DEMs) and generated two complementary
terrain visualizations:

1. Multi-directional Hillshade (MHS): Simulates illumination from multiple sun angles to highlight
linear geometry.

2. Visualization for Archaeological Topography (VAT): Combines slope, local relief, openness,
and sky-view factors to emphasize micro-topographic variations.

DINO-CV utilizes a self-supervised knowledge distillation framework (based on DINO) to train a
student network to learn view-invariant structural features by matching representations across MHS
and VAT views, without requiring manual annotations.

Overcoming the Annotation Bottleneck

When fine-tuned on a labeled dataset (BudjBimArea), DINO-CV demonstrated extraordinary label
efficiency:

* 10% Labeled Data: With only 10% of annotated training data, the model retained a 63.8%
mean Intersection over Union (mloU), compared to just 21.4% for a randomly initialized
model and 49.3% for a standard supervised model.

» Generalization: The model successfully delineated stone wall networks beneath dense forest
canopies in unseen regions located 10 km away from the training data.

Crucially, the project was conducted under a formal Memorandum of Understanding (MoU). All raw
data and derived archaeological models remain the sole property of the Gunditjimara Traditional
Owners, serving as a model for ethical, indigenous-led digital archaeology.

"Applied to the Budj Bim Cultural Landscape (Victoria, Australia), a UNESCO World Heritage site,
the approach achieves a mean Intersection over Union (mloU) of 68.6% on test areas and
maintains 63.8% mloU when fine-tuned with only 10% labeled data... Beyond archaeology, this
approach offers a scalable solution for environmental monitoring and heritage preservation
across inaccessible or environmentally sensitive regions." — Huang et al., arXiv:2510.17644

Instance of [[c5ff2bcffec01]){why="Al-driven discovery is creating a new class of digital colonialism."}

Sources
+ Al challenge to find lost Amazonian civilizations draws critics
» Where should archaeologists dig next? The winners of this OpenAl contest can tell them
» Mapping Hidden Heritage: Self-supervised Pre-training for Archaeological Stone Wall Mapping in Historic
Landscapes Using High-Resolution DEM Derivatives



Commercial CRM and Funding: The $1.8B Market for AI-Enabled Archaeology

Commercial CRM and Funding: The $1.8B Market
for AI-Enabled Archaeology

The funding landscape for archaeological technology is shifting from traditional academic grants
toward private tech philanthropy, corporate research divisions, and venture-backed open-science
initiatives. This transition is injecting massive computational resources into the field, but it has also
introduced a stark division between traditional Cultural Resource Management (CRM) firms,
sovereign regulatory bodies, and Silicon Valley tech giants.

Tech Giant Philanthropy and Crowdsourced Hackathons

As federal funding for academic humanities and archaeology dries up, major artificial intelligence
and technology firms are stepping in as primary financiers of digital archaeology.

A prominent example of this trend is the OpenAl to Z Challenge (launched in May 2025 and
concluded in August 2025). Rather than funding traditional academic field seasons, OpenAl offered
a $250,000 cash prize pool alongside premium API credits. The competition crowdsourced the
analysis of millions of square miles of Amazonian remote sensing data to the global developer
community.

This funding model has dramatically lowered the barrier to entry, drawing elite software engineers
and machine learning practitioners into archaeological research. For example, a member of the
winning team ("Black Bean"), Yao Zhao, was a software engineer at Meta who utilized a career
break to apply advanced deep learning to archaeological site discovery.

However, this crowdsourced model has faced intense criticism from traditional archaeological bodies
and technology ethicists:

* Model Exploitation: Ethicists suggest that tech giants are using these challenges as cheap,
open laboratories to test and refine their proprietary multi-modal and geospatial Al models.
Under competition rules, the data and models submitted by contestants often become the
intellectual property of the sponsoring company.

 Sovereign Friction: Traditional CRM and state-level archaeological preservation are heavily
regulated. In Brazil, the Society for Brazilian Archaeology (SAB) pointed out that archaeological
research is legally the prerogative of trained professionals under state oversight. OpenAl's
crowdsourced challenge effectively bypassed these state-level regulatory gates, leading to a
direct intervention by Brazil's Ministry of Indigenous Peoples in July 2025.

"Parcak and Fisher say they expect to see more private companies, particularly those focusing on
Al and machine learning, launching similar competitions as federal funding for archeology dries
up." — Mohana Ravindranath, National Geographic (August 2025)



"University of Virginia technology ethicist Lori Regattieri adds that under the challenge rules, all
data submitted by contestants and their computer models become the property of OpenAl. She
suggests the company is selling the challenge as an archaeology research project when its real
goal may be to enlist free labor to test Al geospatial models. 'lt is an open laboratory for model
testing,' she says." — Sofia Moutinho, Science (July 2025)

Collaborative Commercial and Indigenous Frameworks

An alternative commercial and funding model is emerging through public-private partnerships that
respect local data sovereignty.

The development of the DINO-CV self-supervised framework in November 2025 was funded by the
Australian Research Council (ARC) under grant SR200200227, in close collaboration with the
Gunditj Mirring Traditional Owners Corporation. Under this framework:

« Ethical Safeguards: All raw LiDAR data, derived Digital Elevation Models (DEMs), and the
resulting predictive models remain the exclusive intellectual property of the Indigenous
corporation.

» Sovereign Commercialization: Rather than outsourcing data to a third-party tech platform, the
local community retains control of the technology, which they can use to manage wildfires,
monitor ecosystems, and guide sustainable development on their own terms.

This highlights a growing commercial opportunity for specialized Al-CRM consulting firms: building
custom, sovereign, and highly localized deep learning models for governments and Indigenous
groups, rather than relying on centralized, black-box platforms.
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Sources
» Al challenge to find lost Amazonian civilizations draws critics
» Where should archaeologists dig next? The winners of this OpenAl contest can tell them
» Mapping Hidden Heritage: Self-supervised Pre-training for Archaeological Stone Wall Mapping in Historic
Landscapes Using High-Resolution DEM Derivatives



