
Porosity Prediction in 
Sandstones Using Erosional 
Unconformities 

Erosional unconformities of subaerial origin are created by tectonic uplifts and eustatic sea-level falls. 
Porosity increases below most erosional unconformities developed on sandstones, because uplifted 
sandstones are exposed to undersaturated C02-charged meteoric waters, resulting in dissolution of 
unstable framework grains and cements. The chemical weathering of sandstones is intensified in humid 
regions by the heavy rainfall, soil zones, lush vegetation, and the accompanying voluminous production 
of organic and inorganic acids. Erosional unconformities are considered hydrologically and geochemically 
"open" systems because of the abundant supply of fresh meteoric water and relatively unrestricted 
transport of dissolved constituents away from the site of dissolution, causing a net gain in porosity 
near unconformities. Consequently, porosity in sandstones tends to increase toward overlying 
unconformities. Such porosity trends have been observed in hydrocarbon-bearing sandstone reservoirs 
in Alaska, Algeria, Australia, China, Libya, the Netherlands, Norwegian North Sea, Norwegian Sea, 
and Texas. A common attribute of these reservoirs is that they were all subaerially exposed under 
warm and heavy rainfall conditions. 

An empirical model has been developed for the Triassic and Jurassic sandstone reservoirs in the 
Norwegian North Sea on the basis of the observed relationship that shows an increase in porosity in 
these reservoirs with increasing proximity to the overlying Base-Cretaceous unconformity. An important 
practical attribute of this model is its capability of predicting porosity in the neighboring undrilled 
areas by recognizing the Base-Cretaceous unconformity in seismic reflection profiles and by constructing 
subcrop maps of stratigraphic units susceptible to porosity formation by meteoric waters. Caution must 
be exercised in developing predictive models using unconformities, because porosity reduction due to 
cementation may also occur beneath some erosional unconformities. 

G. Shanmugam 
Mobil Research and Development Corporation 
Dallas, Texas, U.S.A. 

INTRODUCTION 
Prediction of porosity in frontier or undrilled areas 

is a formidable task in hydrocarbon exploration. 
Although predictive models were proposed in the past 
(Scherer, 1987), their numerous constraints often 
render these models impractical (Shanmugam and 
Alhilali, 1988). In order for a model to be practical 
in frontier areas of exploration, predictive models of 
porosity should be tied to seismic reflection profiles 
that are most commonly available from areas 
unexplored by drilling. In seismic profiles, erosional 
unconformities are recognized routinely. Therefore, 
a predictive model of porosity using erosional 
unconformities will be of practical value to explo-
rationists. The objectives of this paper are: (1) to 
summarize factors that promote mineral dissolution 

when rocks are subaerially exposed, (2) to document 
evidence for dissolution and porosity enhancement 
during subaerial exposure of rocks with selected 
modern and ancient examples, and (3) to discuss a 
method of predicting porosity in sandstones using 
erosional unconformities. 

Origin, recognition, and importance of erosional 
unconformities in sedimentary basins have recently 
been discussed by Shanmugam (1988). Erosional 
unconformities are created by allocyclic and auto-
cyclic processes in both subaerial and submarine 
environments. This study deals only with erosional 
unconformities of subaerial origin. Subaerial 
unconformities are believed to have been caused by 
tectonic uplifts and by eustatic sea-level falls. 
Subaerial unconformities are recognized by: (1) 
discordance of dip in outcrops and seismic sections, 
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(2) erosional surfaces and karst fades, (3) basal 
conglomerates, (4) weathered cherts, (5) abrupt 
faunal breaks, and (6) paleosol horizons. 

FACTORS THAT CONTROL 
ROCK DISSOLUTION DURING 

SUBAERIAL EXPOSURE 
The connection between subaerial unconformities 

(subaerial exposure) and the process of rock 
dissolution was first pointed out by Hutton (1788). 
Although numerous studies have focused on weath
ering of rocks (such as granites and carbonates), the 
aspect of sandstone dissolution during weathering 
has received only sporadic attention in the literature 
(Levorsen, 1934; Hrabar and Potter, 1969; Selley, 
1985; Shanmugam, 1985a, b, 1988, 1989). Subaerial 
exposure of sandstones brings them in direct contact 
with meteoric waters. During subaerial exposure, 
unstable cements (such as calcite) and framework 
grains (such as feldspar and rock fragments) are 
susceptible to dissolution by invading meteoric 
waters at near-surface conditions (Figure 1). Many 
factors exert control over dissolution of siliciclastic, 
carbonate, and even igneous rocks during subaerial 
exposure. These factors are discussed below. 

Meteoric Waters 
Rainwater (meteoric water) that is slightly acidic 

due to dissolved carbon dioxide from the atmosphere 
is available in large quantities to many sandstones 
exposed in humid climatic regions. These sandstones 
are in direct contact with a constantly renewed 
supply of fresh undersaturated rainwater that can 
react with unstable minerals. 

Giles and Marshall (1986), using theoretical 
considerations, concluded that leaching of minerals 
by meteoric water is the most viable mechanism for 
creating significant volumes of secondary porosity 
in the shallow subsurface. Unlike other mechanisms 
advocated for the formation of secondary porosity 
(such as dissolution by acidic fluids and carboxylic 
acids generated during the thermal maturation of 
organic matter), meteoric-water leaching does not 
suffer from a shortage of the dissolving agent. 
Meteoric-water leaching can occur under two 
different scenarios: (1) at subaerial depositional sites 
where sands are exposed to acidic meteoric water 
during and immediately after deposition, and (2) 
during unconformity development when uplifted 
sandstones are invaded by meteoric waters. All 
sandstones deposited in the subaerial environment 
undergo meteoric-water leaching to some degree; 
however, when some of these sandstones are exposed 
to meteoric water during later uplift and erosion, they 
may be further leached and thereby gain additional 
porosity. 

Soil Zones 

Soil zones play a vital role in the total weathering 
of near-surface rock strata. Subaerial erosion exposes 
new surfaces for leaching, commonly over wide areas. 
During subsequent weathering, extensive veneers of 
organic-rich soils can develop on erosional surfaces. 
These soils can help promote mineral dissolution. The 
soil zone can be considered an acid pump because of 
its unique ability to increase the acidity of percolating 
meteoric waters (Freeze and Cherry, 1979). The partial 
pressure of CO2 in the soil atmosphere may be as much 
as 10 times that of the air (Keller, 1955). Slightly acidic 
rainwater (pH 5-6) becomes even more acidic as it 
passes through the soil zone in temperate and humid 
climates. This is because large amounts of carbon 
dioxide, generated from the decay of organic matter 
and the respiration of plant roots, react with water 
to produce carbonic acid (Figure 1). In arid climates, 
however, soil zones are usually alkaline, and would 
not produce carbonic acids. In addition to inorganic 
acid, organic acids such as humic and fulvic acids are 
produced in the soil zone by plant roots via biochemical 
processes. Organic acids are powerful agents in the 
dissolution of rock-forming silicate minerals (Huang 
and Keller, 1970). Organic acids break down mineral 
constituents through the introduction of H+ into the 
system and the formation of organometal complexes 
(Schalscha et al., 1967). These chelating agents react 
with mineral constituents and accelerate chemical 
weathering in the near-surface environment (Konon-
ova et al., 1966). 

Bennett and Siegel (1987) reported increased 
solubility of quartz at near-surface conditions due 
to complexing by organic compounds. The percolation 
of meteoric waters downward through decaying 
organic matter in the soil zone should thus provide 
a suitable environment for the dissolution of minerals 
and for the transportation of dissolved mineral 
species away from the site of dissolution. 

Open System 

The unsaturated zone (also known as the zone of 
aeration or the vadose zone), which occurs above the 
water table, is an open system in geochemical terms 
(Figure 1). The continuous influx of undersaturated 
meteoric water and constant removal of dissolved 
material away from the site of dissolution result in 
a net loss of dissolved constituents. Low amounts 
of total dissolved solids in fresh meteoric water 
(<1000 mg/L), which are common in unsaturated 
zones, favor dissolution. In unsaturated zones, the 
water/rock equilibrium is either attained slowly or 
not at all. Such disequilibrium conditions are 
conducive to transport-controlled dissolution 
(Berner, 1978). The unsaturated zone may range in 
thickness from zero to hundreds of meters (Bloom, 
1978). 

The saturated (or phreatic) zone occurs below the 
water table. Here, meteoric waters may lose their 
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Figure 1. Schematic view of major hydrochemical 
processes in the soil zone (mostly after Freeze and 
Cherry, 1979). 

potential to dissolve minerals because of poor 
replenishment of carbon dioxide, high amounts of 
total dissolved solids, and sluggish circulation. 

Depth of Weathering 
Meteoric waters in basins may extend to depths 

approaching 3000 m (Galloway and Hobday, 1983); 
however, the depth of intense dissolution may be 
controlled by water-table depth, which is a function 
of climate, topography, and other factors. Meteoric 
waters have been reported to reach 1000 m in the 
Great Basin of Nevada (Winograd and Robertson, 
1982), more than 1000 m in the Anadarko basin of 
Texas (Dutton and Land, 1985), and nearly 5000 m 
in Bangladesh (Dutta and Suttner, 1987). In uplifted 
sequences, the ubiquitous presence of fractures and 
faults would further increase depth of penetration 
of meteoric waters. 

As percolating acidic waters emerge from the soil 
zone, they may quickly become saturated and lose 
their aggressiveness within a few decimeters of the 

soil zone (James and Choquette, 1984). However, a 
continued supply of fresh meteoric water increases 
the effective depth of leaching. Bloom (1978) 
suggested a maximum depth limit of 1000 m for 
chemical weathering. In unsaturated or vadose zones, 
meteoric water may be aggressive to depths of 100 
m or so (Thrailkill, 1968). Even beneath flat surfaces 
with only moderate rainfall, the zone of weathering 
(that is, the zone beneath the B soil horizon) may 
be as much as 100 m thick (Rose et al., 1979). Thus, 
it is not surprising that high porosity values (more 
than 20%) have been observed in sandstones that 
occur as much as 100 m from an overlying uncon
formity in sandstones, such as the Ivishak (Alaska) 
and Brent (North Sea). 

Fractures 
Fractures and faults, ranging in length from a few 

millimeters to thousands of meters, and oriented both 
vertically and horizontally, are characteristic of 
tectonically uplifted sandstones. In addition to 
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tectonic fractures, near-surface sheeting joints may 
develop upon unloading during mechanical weath
ering (Bloom, 1978). The importance of vertical 
fractures to regolith weathering is that they can 
increase vertical hydraulic conductivity. Fractures, 
for example, often play a major role in developing 
karst topography by serving as conduits for meteoric 
waters. Fractures and faults tend to create hydro-
logically open systems. 

Topography 

Rocks in topographically high and well-drained 
areas are more prone to leaching than sandstones 
in topographic lows. The depth of the weathered zone 
in the tropics is commonly equal to the local relief 
on hills. Thus the weathered zone may be quite thick 
and irregular, rather than a uniform thin rind (Bloom, 
1978). 

Climate 

Climatic conditions have a large effect on the extent 
of chemical weathering in uplifted, subaerially 
exposed rocks. A preliminary study of selected 
sandstone and carbonate units from both modern and 
ancient settings suggests that a warm and humid 
climate is essential for developing dissolution 
features (Table 1). In humid regions, an abundant 
supply of meteoric water facilitates a net movement 
of fluid through the exposed sandstone; this is a 
necessary condition for pervasive dissolution. Under 
warm and humid climatic conditions, the rate of 
chemical reactions is greatly increased by increased 
temperature. Furthermore, the lush vegetative cover 
of warm, humid regions promotes the production of 
inorganic and organic acids and thereby enhances 
soil development. Chemical weathering is maximized 
in the tropics as a product of high meteoric water 
availability, high temperature, and a high biological 
activity (Bloom, 1978). Soil zones in warm and humid 
regions are thick, acidic, and devoid of most 
chemically unstable minerals because of extensive 
dissolution. By contrast, soil zones in arid regions 
are thin, alkaline, and may be rich in unstable 
minerals in the absence of extensive dissolution. Most 
examples discussed in this paper are from regions 
with a warm and humid climate at the time of 
subaerial exposure. 

Framework Composition 

Framework composition is an important control
ling factor on dissolution. For example, sandstones 
enriched in unstable rock fragments are more prone 
to dissolution than sandstones enriched in stable 
quartz grains. However, other factors such as 
duration of exposure may facilitate even dissolution 
of quartz-rich sandstones. 

Duration of Exposure 

In order for a zone of porosity enhancement to be 
developed at an unconformity, the favorable condi
tions discussed above must persist for a considerable 
length of time (probably millions of years). Erosional 
unconformities that represent only a short period of 
subaerial exposure may not be associated with 
significant zones of weathering. 

Repeated flushings by rainwater tend to remove 
the soluble constituents at the mineral surfaces and 
transport them downward through the weathering 
zone. Given sufficient rainfall, permeability, and 
time, even the most stable minerals, such as quartz, 
can be destroyed (Loughnan, 1969). Thus, not 
surprisingly, karst facies, which are characteristic 
of carbonates, have been reported in quartzites from 
Australia, South Africa, and Venezuela. 

SELECTED MODERN 
EROSIONAL SURFACES 

China 

Because of ideal leaching conditions, the world's 
best developed karst is in southern China (Sweeting, 
1978). The karst area covers more than 500,000 km2 

(Figure 2). In places, Devonian to Upper Carbonif
erous carbonates exhibit well-developed tower karsts 
with cavernous porosity (Figure 3). 

The present climate in southern China, south of 
the Yangtze River (Figure 2), is warm and humid, 
with little seasonal variation. Temperatures range 
from 16 to 24°C, and precipitation averages as much 
as 200 cm/yr. Rain forests are restricted to the 
southern part of China (Wang, 1961), where soil types 
are almost exclusively "red and yellow earths," 
intensely leached, with moderate to high acidities. 

Australia 

Orthoquartzites are considered to be extremely 
stable and unaffected by chemical weathering. 
However, spectacular tower karsts have been 
reported in Proterozoic and Paleozoic orthoquartzites 
(Figure 4) in the east Kimberley region of north
western Australia (Young, 1987). These sandstones 
are firmly cemented by quartz (orthoquartzites). 
Extensive dissolution of quartz and the loss of silica 
have been attributed to acidic, organic-rich solutions 
percolating through the sandstone. The karst 
features in sandstones were primarily developed 
during the late Mesozoic to late Tertiary, when 
northwestern Australia was under a warm humid 
climate (Young, 1987). Quartz is inferred to have been 
dissolved under acidic, near-surface temperature 
conditions. This is in conflict with the more 
traditional view that quartz dissolves only under 
highly alkaline or high-temperature conditions. 
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Table 1. Relationship between climate and dissolution 

Dissolution Period of Exposure Climate 
Karst in quartzites, southeastern Venezuela, 

(White etal., 1966) 

Tower karst in carbonates, southern China 
(Sweeting, 1978; Williams, 1978) 

Tower karst in quartzose sandstones, 
northwestern Australia (Young, 1987) 

Dolomite, feldspar, and rock fragments in 
Latrobe Group, Gippsland basin, Australia 
(Bodard etal., 1984) 

Feldspar and rock fragments in Sarir 
Sandstone, Sirte basin, Libya 

Chert in Ivishak Formation, Prudhoe Bay 
field, Alaska 

Plagioclase feldspar in Brent Group, Statfjord 
field, North Sea 

Potassium feldspar in Halten Group, 
Haltenbanken area, Norwegian Sea 

Chert and carbonates in the Devonian, 
Permian Basin, Texas 

Karst in carbonates, North China Basin 
(Guangming and Quanheng, 1982) 

? to Present 

Tertiary to Present 

Late Mesozoic to Present 

Oligocene 

Albian to Cenomanian 

Early Cretaceous (Neocomian) 

Early Cretaceous 

Early Cretaceous 

Pre-Pennsylvanian 

Precambrian, Ordovician to 
Carboniferous, Paleogene 

Hot and humid 
(T: 40-50°C 
R: 100-750 cm/yr)* 
Warm and humid 
(T:16-24°C 
R: 100-200 cm/yr)* 
Humid tropical 
(T:18-35°C 
R: 65-75 cm/yr)* 
Temperate humid 
(T:13-16°C 
R: 100-250 cm/yr) 
(Shanmugam, 1985c) 
Warm and semihumid 
(Sanford, 1970; 
Al-Shaieb etal., 1981) 
Warm and humid 
(Smiley, 1966) 
Warm and humid 
(Hallam, 1984) 
Warm and humid 
(Hallam, 1984) 
Humid 
(Mapel etal., 1979); 
(Dutton and Land, 1985)*' 
Warm and humid 
(bauxite/laterite deposits) 

T: Temperature 
R: Rainfall 
* Present climate 

" Pennsylvanian climate 

Venezuela 

In the Gran Sabana, southeastern Venezuela, the 
Precambrian Roraima quartzarenite contains karstic 
solution features such as small pits, grooves and 
ridges (White et al., 1966). Large caves (Figure 5), 
pillars, and tunnels are common in the quartzarenites 
(S. K. Ghosh, oral communication, 1989). The present 
climate here is humid and hot, with alternating wet 
and dry periods. The annual rainfall is as much as 
750 cm at 2000 m elevation. The spectacular 
development of modern karst in the Precambrian 
Roraima quartzarenites (George, 1989) attests to 
quartz dissolution in outcrops by acidic meteoric 
waters under surface weathering conditions. 

South Africa 
Another example of karst development is in 

Precambrian quartzites from the eastern Transvaal, 
South Africa (Martini, 1981). These quartzites are 
characterized by large dolines, pinnacles, and caves. 
The eastern Transvaal region has a hot and cool 
subtropical climate with heavy rainfall. 

POROSITY ENHANCEMENT 
BENEATH ANCIENT 

EROSIONAL SURFACES 
Many hydrocarbon reservoirs throughout the 

world exhibit excellent reservoir quality beneath 
erosional unconformities (Table 2). Selected exam
ples are discussed below. 

Alaskan North Slope 
In the Prudhoe Bay field, North Slope, Alaska, the 

Triassic reservoir (Ivishak Formation of the Sadle-
rochit Group) is truncated by the Lower Cretaceous 
(Neocomian) unconformity. The Ivishak Formation 
is composed of a lower deltaic facies (zone 1) and 
an upper braided fluvial channel facies (zones 2, 3, 
and 4). Chert is the dominant framework constituent 
(as much as 70%) in the hydrocarbon-producing 
fluvial facies but is uncommon in the deltaic facies. 
Secondary porosity caused by dissolution of frame
work chert is common in the fluvial facies (Shan-

Prediction of Reservoir Quality Through Chemical Modeling 5 



/ 

l^. YUNNAN 

n 

SZECHWAN 

y 
S 

HUPEH SHANGHAI 

KWEICHOW 
HUNAN 

KIANGSI 
GUILIN 
YANGSHUO 

> -̂i n I 
yS \ VIETNAM ^ 

S LAOSrJ f 
/ \ .[TONKIN 

THAILAND 

*S* i*° 
y^«\"9ANT0N Jr~' 

CHAOCHING ^ f ' 
" HONG KONG 

/TROPIC 

X J CANCER 

GULF OF 
* * 

*> 

# 
•mm KARST REGION 

0 500 

KILOMETERS 

Figure 2. Karst region of southern China (from Williams, 
1978). 

mugam and Higgins, 1988). Petrographic evidence for 
chert dissolution includes: (1) chert weathering rims, 
(2) completely weathered microporous (tripolitic) 
chert, (3) clay rims outlining shapes of dissolved chert 
grains (Figure 6), (4) oversized pores, (5) elongate 
pores, (6) corroded chert grains, and (7) rounded 
crystals of microcrystalline quartz in chert. 

The dissolution of chert in the Ivishak Formation 
is primarily attributed to percolating meteoric waters 
from the Lower Cretaceous (Neocomian) unconfor
mity surface (Shanmugam and Higgins, 1988). Warm 
and humid climate of present southern China, where 
karstic solution features are abundant, is considered 
to be a modern analog of Lower Cretaceous (Neo
comian) climate in Alaska. Because of unconformity-
related chert dissolution, average core porosity values 
in the Ivishak increase with increasing stratigraphic 
proximity to the Lower Cretaceous (Neocomian) 
unconformity (Figure 7). It must be noted that highest 
porosity (>25%) occurs in sandstones within 100 m 
of the unconformity. This is consistent with depths 
of chemical weathering discussed earlier. It is also 
important to point out that the porosity increase in 
the Ivishak Formation occurs within the fluvial facies 
(zone 4), which has a uniform framework composi
tion, and therefore is not controlled by a difference 
in depositional facies. Chert dissolution is the major 
cause of porosity development within fluvial facies, 
and thus I attribute the increase of porosity toward 

the unconformity within the fluvial facies to 
unconformity-related chert dissolution. 

Chert dissolution has also been observed in the 
Mississippian Kekiktuk Conglomerate in the Alaskan 
North Slope. As in the Ivishak Formation, weathering 
of chert in the Kekiktuk has also resulted in rounded 
crystals of microcrystalline quartz (Figure 8). More 
importantly, dissolution holes have been observed 
within quartz grains (Figure 8B). The Lower 
Cretaceous (Neocomian) unconformity is also 
considered to be responsible for silica dissolution in 
the Kekiktuk. 

Norwegian Sea 

Dissolution of feldspar grains can be seen in rocks 
of the Jurassic Halten Group in the Haltenbanken 
area of the Norwegian Sea (Figure 9). An important 
consequence of feldspar dissolution in the Halten 
Group is the development of high-permeability 
channels by connecting adjacent pores. These 
dissolution channels are considered to be responsible 
for the high permeability measured in many reservoir 
sandstones (see Table 2). One of the diagnostic 
diagenetic features in the Halten Group is dissolution 
of garnet grains (Figure 10). Garnet is stable under 
deep burial conditions but is unstable under near-
surface weathering conditions (Morton, 1984). 
Dissolution of garnet takes place when fluids are 
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Figure 3. Development of large caves in Devonian to 
Upper Carboniferous carbonates, which also form tower 

acidic (Morton, 1984); such conditions would be 
expected during subaerial exposure. It is proposed 
that dissolution of feldspar and garnet in the Halten 
Group was caused by percolating meteoric waters 
from the Base-Cretaceous unconformity. 

The Netherlands 
Triassic reservoirs in the Netherlands produce gas 

in the DeWijk field, where these reservoirs are in 
contact with the Base-Cretaceous Cimmerian 
unconformity (Gdula, 1983). Nowhere else in the 
Netherlands are any of the Triassic reservoirs gas 
productive (Gdula, 1983). Dissolution of anhydrite 
cement improved the reservoir quality immediately 
below the unconformity. Sonic logs show that 
porosity increases toward the Base-Cretaceous 
unconformity (Figure 11). 

Algeria 
In the Hassi Messaoud field of Algeria, the 

producing reservoir, the Cambrian "Ra" sandstone, 
directly underlies a post-Hercynian unconformity. In 

karsts near Guilin, southern China. Note man (arrow) 
standing inside cave. 

this sequence, permeability increases abruptly below 
the unconformity. Kaolinite content decreases with 
increasing depth below the unconformity (Balducchi 
and Pommier, 1970). This trend has been attributed 
to the dissolution of feldspar and related precipitation 
of kaolinite by percolating meteoric waters from the 
unconformity surface. 

Libya 

The Augila field in Libya produces oil from 
fractured and weathered Precambrian granitic 
basement rocks (Williams, 1972). Reservoir rocks, 
including weathered granite, granophyre, and 
devitrified rhyolite, occur beneath a major erosional 
unconformity. Erosion of the Precambrian basement 
occurred during Early Paleozoic to Late Cretaceous 
time. The highest porosities typically occur on the 
tops of horst blocks, as suggested by higher 
production of oil from wells located on paleohighs 
(7627 bbl/day); as compared with production on 
paleolows (1200 bbl/day). Differential weathering is 
also indicated by the occurrence of fresh granite in 
lower areas and weathered granite in higher areas. 
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Figure 5. Caves and pillars in the Precambrian Roraima 
quartzarenites, Venezuela. Height of pillars is approx
imately 3 to 5 m. Photo by S.K. Ghosh. 

China 

The Buried Hills oil fields of the North China Basin 
are good examples of high-permeability reservoirs 
underlying an unconformity (Guangming and 
Quanheng, 1982). The unconformity is a buried karst 
surface that consists of a large number of high-relief, 
fault-bounded "hills" (Figure 12). Most hydrocarbon 
production is from karst facies of dolomite and oolitic 
limestone, but reservoirs also include karst facies of 
quartzite, volcanic rocks, and granitic basement. 
Karst surfaces of Upper Precambrian, Ordovician to 
Carboniferous, and Paleogene age are present 
throughout the Buried Hills area. The widespread 
occurrence of karst facies and bauxite/laterite 
deposits indicates a warm humid climate. In the 
Renqiu field, solution-channelled dolomite reservoirs 
of Precambrian to Ordovician age are present beneath 
a major erosional unconformity (Figure 12). The best 
producing zones are characterized by dissolution 
vugs that are interconnected by a pervasive fracture 
system. 

Australia 

The Gippsland basin of southeastern Australia 
contains major oil fields with nearly 3 billion barrels 
of recoverable oil. Sandstones of the Latrobe Group 
(Late Cretaceous-Tertiary), which form the reser
voirs, contain well-developed secondary porosity due 
to dissolution of dolomite, feldspar, and rock 
fragments (Bodard et al., 1984). The occurrence of 
the Latrobe Group immediately beneath a major 
Oligocene unconformity (Shanmugam, 1985c) sug
gests a connection between the unconformity and 
secondary porosity. A thick zone of friable sand 
occurs in the Snapper 1 well (Bodard et al., 1984, 
their figure 6). We have calculated porosity for this 
sand interval from sonic logs. The porosity values 
increase from nearly 6% at 250 m below the 
unconformity to 24% near the unconformity. Bodard 
et al. (1984) explained that dissolution of dolomite 
cement is the principal cause of porosity enhance
ment in the sand interval. They have also suggested 
that the dedolomitization process was related to 
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Table 2. Reservoir quality of selected sandstones beneath erosional unconformities (Shanmugam, 1988) 

Sandstone 
Latrobe, Cret. - Eocene, Gippsland 

basin, Australia (Bodard et al., 1984) 
Sarir, Cretaceous, Sirte basin, Libya 

(Sanford, 1970; Hea, 1971; Al-
Shaiebetal., 1981) 

Halten, Jurassic, Norwegian Sea 
Brent, Jurassic Statfjord field, North 

Sea (Sommer, 1978) 
Lunde, Triassic, North Sea 
Ivishak, Triassic, Prudhoe Bay, Alaska 
Triassic, DeWijk gas field, The 

Netherlands (Gdula, 1983) 
Mesozoic and Paleozoic, Buried Hills 

pools, North China Basin 
(Guangming and Quanheng, 1982) 

Minnelusa, Permian, Powder River 
basin, Wyoming and Montana 

Kekiktuk, Mississippian, Mikkelsen 
Bay, Alaska 

Devonian, Ector, Crane, and Pecos 
counties, Permian Basin, Texas 
(David, 1946; Hanson, 1985) 

Maximum Core 
Permeability (md) 
3000 

3000 

22,900 
6400 

8600 
3000 
100 

No data (cavernous porosity 
in karst facies) 

3200 

12,800 

200 

Dissolved Constituents 
(secondary porosity) 
Dolomite, feldspar, rock 
fragments 
Quartz, feldspar, rock 
fragments 

Feldspar, garnet 
Feldspar 

Feldspar 
Chert, siderite 
Anhydrite 

Carbonates 

Anhydrite, carbonates 

Chert, quartz 

Chert, carbonates 

Figure 6. Thin-section photomicrograph showing 
secondary macroporosity caused by complete disso
lution of chert grains; plain light. Note clay rim (arrow) 
outlining shape of dissolved chert grain. Triassic Ivishak 
Formation, subsurface sample, Alaskan North Slope. 

created extensive secondary porosity through 
dissolution of framework grains and cements by 
undersaturated meteoric waters in the vicinity of the 
truncation surface (Ghosh et al., 1989). Similar to 
outcrop dissolution of Roraima quartzarenites, these 
sands exhibit evidence for profuse leaching of quartz. 
Ghosh et al. (1989) reported that the sands imme
diately beneath the unconformity have the best 
reservoir quality. 

Texas 

The pre-Pennsylvanian unconformity marks a 
major erosional surface in the Permian basin, Texas. 
This regional unconformity separates the Devonian 
chert (marine facies) from the overlying Pennsylvan-
ian chert-pebble conglomerate and sandstone (alluv
ial plain facies). The Devonian chert is characterized 
by collapse breccias (Figure 13), which have been 
interpreted to be products of karst-related processes 
during subaerial exposure of the Devonian chert. 

organic maturation. The increase in porosity toward 
the unconformity, however, suggests that the 
unconformity may have played a major role in 
porosity enhancement. During the Eocene and 
Oligocene, this area was under a temperate humid 
climate (Shanmugam, 1985c). 

Venezuela 
In the B-6 Sands (Eocene) of the Mosoa Formation, 

Maracaibo basin, the Oligocene regional uplift 

POROSITY PREDICTION 

Norwegian North Sea 

In the Statfjord field (Figure 14) and the surround
ing area of the Norwegian North Sea, Jurassic and 
Triassic sandstones occur beneath the Base-
Cretaceous unconformity (Figure 15). These feld-
spathic sandstones exhibit secondary porosity caused 
by dissolution of feldspar (mainly plagioclase) grains 
(Figure 16). The dissolution of feldspars in these 
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Figure 7. Increase of average core porosity in zone 
4 (fluvial facies) of the Triassic Ivishak Formation with 
increasing stratigraphic proximity to Lower Cretaceous 

(Neocomian) unconformity (from Shanmugam and 
Higgins, 1988). Vertical lines represent well locations 
from which core samples were taken. 

reservoirs has been attributed to incursion of 
meteoric waters during the Early Cretaceous uplift 
(Hancock and Taylor, 1978; Sommer, 1978; Selley, 
1984; Shanmugam, 1988). A major phase of uplift 
and erosion occurred across Europe during Volgian 
to Ryazanian time, resulting in the "Late Cimmerian 
unconformity" (Rawson and Riley, 1982), which is 
also known as the Base-Cretaceous unconformity 
(Ziegler, 1975). 

Some authors (Bjorlykke, 1983; Bjorlykke and 
Brendsdal, 1986) proposed two periods of feldspar 
dissolution by meteoric waters in the Brent Group-
initially during Middle Jurassic deposition, and later 
during Early Cretaceous uplift and erosion. Petrogra-
phic evidence and core porosity trends, however, 
suggest that feldspar dissolution primarily occurred 
during the uplift. First, the amount of feldspar 
dissolution increases toward the unconformity, and 
second, the core porosity values show a general increase 
toward the unconformity, as illustrated in a well in 
Figure 17. Core and log porosity values from several 
wells show a dramatic increase in porosity of the Brent 
Group toward the unconformity (Figure 18). The role 
of burial depth on porosity, however, is less striking 
in the Brent Group (Figure 19). 

Kaolinite is a common product of feldspar disso
lution along unconformities (Al-Gailani, 1981). Some 
investigators believe that feldspar dissolution does 
not enhance reservoir quality, because aluminum is 

relatively immobile and so the products of feldspar 
dissolution will invariably precipitate in nearby pores 
as kaolinite (Thomson and Stoessell, 1985). In the 
Statfjord field, however, kaolinite is not abundant 
in zones of extensive feldspar dissolution (Figure 16), 
suggesting that most dissolved aluminum was 
transported away from the site of feldspar dissolution 
(Akselsen, 1985). In other words, there is a net loss 
of dissolved constituents locally within a sandstone. 
The dissolved constituents may, however, precipitate 
some distance away within the same sandstone 
(Selley, 1984), or they may be lost to adjacent 
stratigraphic units through fractures and faults. 

An empirical model has been developed for 
predicting porosity in the Triassic and Jurassic 
reservoirs of the Norwegian North Sea (Figure 20). 
This model shows that sandstones increase in 
porosity with increasing proximity to the unconfor
mity (Figures 17, 18, 19). By the empirical model, 
the Middle Jurassic Brent Group is expected to have 
porosity values commonly in the range of 25 to 30% 
in areas where the Base-Cretaceous unconformity is 
in contact with the Brent Group (Figure 20, second 
column from left). Seismic reflection profiles across 
Block 34/8 show areas where the Brent Group is 
in contact with the Base-Cretaceous unconformity, 
and these areas of potential porosity development are 
shown on a subcrop map (Figure 21). The empirical 
model for the region (Figure 20) and the Base-
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Figure 8. SEM photographs showing rounded crystals 
of microcrystalline quartz in chert grains (arrows in A 
and B), and a dissolution hole in a quartz grain (B, 
lower right), Mississippian Kekiktuk Conglomerate, 
subsurface sample, Alaskan North Slope. 

Figure 9. SEM photograph showing etched feldspar, 
Jurassic Halten Group, Haltenbanken area, Norwegian 
Sea. 

Figure 10. SEM photograph showing dissolved garnet 
(almandine), Jurassic Halten Group, Haltenbanken 
area, Norwegian Sea. 

Cretaceous subcrop map (Figure 21) have been used 
to predict that the Brent porosity should range from 
25 to 30% in areas where the Brent is in contact 
with the unconformity in Block 34/8 (Figure 21). 

The predictive model has been successfully tested 
for the Triassic Lunde Formation in Block 34/7 
(Figure 22). Core porosities (18-26%) of the Lunde 
Formation from a well drilled in 1984 were found 
to be in close agreement with porosity values (15-
20%) that were predicted in 1983 using an earlier 
empirical model for the region. 

CAUTION 
Although porosity enhancement beneath erosional 

unconformities is common worldwide, porosity 
reduction due to cementation can also occur beneath 
erosional unconformities. An example of cementation 
(dolomite) beneath an unconformity is found in the 
Parkman field, Saskatchewan (Miller, 1972). There
fore, caution must be exercised in recognizing these 
exceptions when developing predictive models by 
using erosional unconformities. 
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Figure 11. Sonic logs showing anhydrite dissolution 1983). Reprinted by permission of Kluwer Academic 
in Triassic reservoir beneath Base-Cretaceous Publishers, 
unconformity, DeWijk gas field, The Netherlands (Gdula, 
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Figure 12. Entrapment of oil in karst facies with large Renqiu oil field, North China basin. After Guangming 
dissolution pores and fractures in Precambrian and Quanheng (1982). 
reservoirs beneath a major erosional unconformity, 
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Figure 13. Collapse breccia in Devonian chert beneath 
the pre-Pennsylvanian unconformity, Permian Basin, 
Crane County, Texas; subsurface sample at 5671 ft. 
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Figure 16. Thin-section photomicrograph showing 
dissolution of plagioclase feldspar; plain light. Note 
absence of authigenic clay minerals. Middle Jurassic 
Brent Group, Norwegian North Sea. 
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range of 25 to 30%. Porosity prediction was made in 
1985 before the block was drilled. Subsequently, this 
block has been drilled, but porosity data are not 
available to the writer. 
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Figure 22. Base-Cretaceous subcrop map of the 
Triassic Lunde Formation in Block 34/7, Norwegian 
North Sea. Stippled areas show the regions where the 
Lunde Formation is in contact with the Base-

Cretaceous unconformity. In 1983, predicted porosity 
range in stippled areas was 15-20%. In 1984, this block 
was drilled and the observed porosity was 18-26%. 
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