2nd Edition

AAPG/EAGE Petroleum Systems
of the Middle East GTW

28-30 October 2025 | Kuwait City, Kuwait

Unraveling the Hugf Petroleum System: A High-Resolution Geochemical Framework
for Source Rock and Oil Correlation in Oman

Mohamed Al-Ghammari!, Paul Taylor?, Kauthar Al-Hadhrami!, Zayana Al Aisri!, Sven Scholten®

! Petroleum Development Oman, Sultanate of Oman
2 Multiphase analytics
3 Shell International E&P, Houston, USA

ABSTRACT

Oman hosts multiple prolific source rocks that have contributed to the generation of hydrocarbons across its sedimentary
basins. The most effective source intervals are primarily found within the Hugf Supergroup (Cryogenian to Cambrian),
the Safig Group (Ordovician to Silurian), and the Cretaceous Natih Formation. Among these, the Hugf petroleum
system is particularly complex, comprising several distinct source rock intervals (e.g., Terken et al., 2001). Advances
in high-resolution core sampling and modern analytical technigques have significantly improved our ability to distinguish
contributions from these various source units.

Early work by Grantham et al. (1988) recognized three principal source rock systems in Oman that could be correlated
with produced oils: the Precambrian Hugf Group, the Silurian Safig Group, and the Cretaceous Natih Formation. They
also proposed an additional oil family sourced from the Upper Jurassic Diyab Formation and a fifth oil family—termed
“Q”—which could not be correlated to a known source but showed geochemical signatures suggestive of an unidentified
interval within the Hugf.

Subsequent work (Ghammari et al., 2021) has now linked the Q oils to source rocks within the Cryogenian Ghadir
Mangil Formation (Abu Mahara Group), located in the lower Hugf Supergroup. Terken et al. (2001) further refined the
Hugf petroleum system by proposing two distinct families within the Ara/Nafun system: North Oman Hugf and South
Oman Hugf—previously grouped as a single entity by Grantham et al. Grosjean et al. (2008) later introduced a more
detailed classification, distinguishing between “Intrasalt” (Ara Group Carbonates and Athel Silicilytes) and “Nafun”
(pre-salt) oil families.

This study re-evaluates the geochemistry of the Ara and Nafun source rocks and oils in light of new data from forty-
three source rock samples and twenty oils. An extensive dataset was generated, including carbon and sulfur isotopes,
sulfur content, gas chromatography, and gas chromatography-mass spectrometry using selected ion monitoring (SIM).
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Ara Carbonate oils are characterized by high abundances of pregnanes, a C29/C30 hopane ratio >1, low Ts/Tm and
Pr/Ph values, abundant gammacerane, and elevated C35/C34 homohopanes—features indicative of deposition in
hypersaline, stratified, and anoxic environments. This study further subdivides Nafun-sourced oils into Lower and
Upper Nafun systems. Notably, Upper Nafun oils and source rocks are geochemically indistinguishable from Athel oils,
justifying a combined “Upper Nafun/Athel” oil family. This family exhibits considerable geochemical variation in
carbon isotopes, biomarkers, and aromatic hydrocarbons.

While Upper Nafun/Athel and Ara Carbonate oils overlap significantly due to their shared origins in clay-poor, anoxic
depositional settings (reflected by high sulfur content, elevated bisnorhopanes, and low diasteranes), Ara Carbonate oils
can be uniquely identified by their norsterane distributions.

The classification and geochemical signatures of the various Hugf oil families will be discussed in detail.



