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Geologic Controls on Occurrence and Composition of Tertiary Heavy 
Oils, Northern North Sea 

The United Kingdom North Sea contains a wide variety of reservoired 
oils, including large accumulations of heavy and heavy-medium (API 
< 25°) crudes trapped in Paleocene and lower Eocene sand bodies. Typi­
cally, these pools lie at depths of less than 6,000 ft (1,900 m), and they are 
characterized by having undergone extensive post-accumulation modifi­
cations. One of the prime causes of such changes is bacterial biodegrada-
tion, acting under temperature-critical control. Biodegraded heavy oils 
are notably common in the Tertiary of UKCS quadrants 3 and 9. All of 
these known accumulations appear to have been sourced from the Kim-
meridge Clay Formation. 

This paper reviews what is now known of the origin and distribution of 
these potentially important heavy oils and to analyze main controls on 
their accumulation and alteration. Tectonic deformation of the Tertiary 
sequence is of no small significance, and several heavy oil accumulations 
can be viewed as structurally trapped. Structural deformation has been a 
primary and highly important coiitrot in migration and eventual trap­
ping, and this control can be confirmed as deep seated. An overview of 
basin development provides dynamic models both for migration and 
trapping and for understanding the movement of bacterially contami­
nated water into oil accumulation. 

Sedimentary Evolution of Passive Margins of Mesotoic Tethys 

The Alpine mountain chains of the Circum-Mediterranean area and 
the Near East are the result of oblique convergence between Africa and 
Eurasia. This convergence was, from the Late Triassic to Early Creta­
ceous, preceded by an oblique divergence during the opening of the 
Jurassic-Early Cretaceous Atlantic-Tethyan ocean. Rifting and spread­
ing of this ocean are discordantly superimposed onto the preexisting late 
Paleozoic paleogeography of Pangea and the paleo-Tethys. Kinematic 
considerations suggest that in the Alpine-Meditenanean area the opening 
of Tethys was dominated by sinistra transform movements. 

Whereas, in the central Atlantic and western Mediterranean area. Late 
Triassic to Early Jurassic rifting occurred in a continental environment 
and was accompanied by alkaline volcanicity and evaporite deposition, 
east of the central Mediterranean the zones of rifting which eventually led 
to the opening of the oceanic Tethys did not follow the complex pattern 
of Triassic seaways, but occurred across the marine carbonate belts of the 
Gondwanian margin of paleo-Tethys. As a consequence, there are hardly 
any iHlicif lastic sediments associated with the Early Jurassic phase of rift­
ing, and evaporite deposits of Jurassic age are conspicuously lacking 
along the rift zone. Depositional geometry of the synrift sediments, at 
places, suggests listric normal faulting as a possible mechanism of crustal 
thinning, and the resulting pattern of tilted fauh blocks compares very 
well with that found along undeformed margins, e.g., the Cretaceous 
Iberian or Armorican margins. In the Tethys, this rifting phase initiated a 
new paleogeography along the developing continental margins with 
Bahamian-type carbonate platforms, submarine plateaus, basins, and 
marginal highs. With the onset of spreading in the oceanic areas, subsi­
dence rates deaeased and were more evenly distributed over the margins; 
during this stage, subsidence apparently followed a curve of exponential 
decay. Sedimentary facies of the distal continental margins were then 
determined by increasing water depth and basin-wide paleo-
oceanographic events. This general paleotectonic reconstruction of 
Tethyan margins is confirmed by comparable sedimentary facies in unde­
formed margins of the Mesozoic central Atlantic. 

In the Mid-Cretaceous, plate motions in the Atlantic-Tethyan system 
changed drastically, and sinistral and opening movements in the Mediter­
ranean were replaced by dextral and compressive ones leading to the com­
plete elimination of the oceanic Tethys between the Late Cretaceous and 
late Eocene. 
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Structure and Evolution of Some Continental Rifts—Consequences for 
Their Thermomechanical Behavior 

Continental rifts are attractive basins for hydrocarbon exploration, 
btcause they presently furnish 10% of the worid hydrocarbon produc­
tion, yet cover only 5% of the Earth's surface. 

The evolution of the rifts where volcanism is of reduced importance 
will be emphasized through present examples such as the Suez rift 
(Egypt), the rifts beneath the Bay of Biscay, and other Atlantic-type conti­
nental margins. 

The continental rifts, typically 50-100 km (30-60 mi) in width, are tec-
tonically characterized by the extension and thinning of the continental 
crust together with subsidence in the central part of the rift. The superfi­
cial structure consists mainly of tilted blocks bounded by listric normal 
faults. Continental extension may reach 50% of the crust's original hori­
zontal length, and even more depending on the amount of dike intrusions 
from the mantle. The thinning of the crust may reach much higher rates, 
perhaps 300% or more where oceanic floor is formed in the central part 
of the rift. The subsidence in the rift trough is characterized by the alter­
nation of rapid downward movements over a period of a few million 
years and periods of relative stagnation. Meanwhile, the shoulders of the 
rift may uplift after the beginning of normal favilting in the mam troughs. 

Heat flow is higher generally in the rifts than in the surrounding areas. 
This evolution is the consequence of an initial thermal perturbation in 

the deep asthenosphere. The evolution of the lithosphere-asthenosphere 
system is studied by means of a thermomechanical model with the 
hypothesis of a non-newtonian rheological behavior of the lithosphere as 
a function of the depth. The vertical movements of the continental crust, 
the thinning of the lithosphere, the stresses, and the gravity anomalies in 
the thermal regime are given as a function of time during rifting. 
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Heavy and Tar Sand Oil Deposits of Europe 
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