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Abstract

In order to obtain new additional oil and gas reserves and improve energy security, it is of great significance to expand the petroleum
exploration and development to deep siliciclastic rocks in petroliferous basins. Based on the latest data of deep siliciclastic reservoirs, this
study aims at documenting the distribution patterns and geological features of the global siliciclastic reservoirs. Central and South America
hosts 19358.5 million barrel oil equivalent, which are the largest share and amount to 27.31% of the total oil and gas proved and probable
reserves in deep siliciclastic rocks. It is followed by North America (excluding the Lower 48 States). North America contains the bulk of oil
reserves in deep siliciclastic rocks. Whereas Central and South America has the lion's share of gas and condensate reserves. Of the 74 deep
petroliferous basins with siliciclastic reservoirs, the richest petroliferous basins are the Gulf of Mexico, East Venezuela Basin, Arabian, South
Caspian, Tarim and Santa Cruz-Tarija Basins and they host 73.7% of the total oil and gas reserves in deep siliciclastic reservoirs. The
maximum porosity of deep siliciclastic reservoirs significantly decreases with the buried depth. In contrast, the median value of porosity
decreases at shallow and intermediate burial, then increases, and finally decreases again with the burial depth. The variation of porosity with
depth implies that anomalously high porosities and permeabilities have developed in deep siliciclastics reservoirs. Their development is
associated with the presence of grain coatings, hydrocarbon emplacement, fluid overpressure and formation of secondary pores. In China, deep
petroleum exploration should focus on the fairways where oil and gas discoveries have been made at the intermediate and shallow reservaoirs.
To a large extent, the success of deep petroleum exploration depends upon the delineation of “Sweet Spots™ in deep layers where grain
coatings, fluid overpressure and well-developed salts might have preserved original primary porosity. Integrated application of diagenetic
model, depositional model and 3-D basin modeling will play an important role in accurately forecasting the quality of deep siliciclastic
reservoir rocks.
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Introduction

Definition:

The oil or the gas occurring in reservoirs at burial depths of no less than 15,000 ft(Dyman et all,,
2002)

Chinese researchers defined deep petroleum burial depths no less than 10,000 ft(Tuo, 2002;
Zhang, 2005; Zhu, et., 2009; )

Differences:

In China the researchers believe that the deep level physical properties of the reservoir,
specifically. the porosity and permeability need to be considered together.
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The current composition of deep oil
and gas resources

Deep oil: 42 BBO (Making up 1.9% of the world
total oil supply)

Deep gas: 356 TCF (Making up 3.6% of the
world’s total oil supply)

Deep condensate: 10 BBC (2.1%)

\

Total: 111,

670 MMBOE
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Introduction

Discovery history of worldwide deep petroleum
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(excludes onshore Lower 48 States and unconventional resources are not counted)



_AAPGI{SEG

International Conference

Chinese University of Petroleum (Beijing) atio
PEAEAS CEO e

Introduction

Clastic rock contains majority of all reservoirs

0,016690388

@ Clastic
O Carbonate
& Crystalline

Clastic rocks, carbonate, igneous and metamorphic rocks
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Clastic reservoirs exhibit the h

ighest porosities.
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Distribution pattern and geological
features of the deep siliciclastic reservoirs
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Distribution pattern and geological
features of the deep siliciclastic reservoirs
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The top ten deep clastic rock oil and gas reservoirs compose
83% of the world total 2p (Proved Plus Probable)
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features of the deep siliciclastic reservoirs

Original 2P Original 2P
Petroleum Petroleum Maximium Tap Significant Oil/Gas Field example : Primary
Mo, |Basincode  (Basin Name Basin Type Main Reservoirs Porosity (% Permeabi mD
Resemnes Resemnes depth (m) (%) SOEmE reservoir(s); Maximum top depth (m)
Class (MMTOE} Class (MMBOE}
1 5038 Gutf of Mexico Passive margins | 2492 18263 Jr shallow clasic rocks, Pg and g deep manine slope | ggeg 4-36 9-3505 Mensa: U.Mio. sandstone . 4602
2 &019 East Vanezuela Basin Foreland 1584 11466 20-Mio marine delta and shallow marine sandstones L) B2 3-1375 Sania Barbara: ON-Mio sandstones ;. 5240
. . . . L. [ shallow marine and fluvial sandstones, C-F glacio, and | ¢ P )
3 2003 Arabizn Basin Passive margins | 1224 ot ] flinvial and eolian sandstones 5180 L5-22 Ghawar: L. D sandstones, 5180
4 1015 Sowth Caspian basn FPassive mangins | 738 B4 Fi lacustrine delta sandstones and siltstones 5a50 5~18 0.8-461 Shah Deniz: Pl sandstones and silbstones ; 5800
5 021 Tarim basin Forsland 582 4287 C el anc shallow ciasiics, K-Pg fluvial and lacusine | 7os7 3.4-228 0.2-1138 Taha: C tidal and shallow dastics; 5285
[ [Tk} Santa-Cruz-Tarija basin | Foreland L x] 3405 L. O shallow marine sandstones, G055 Incahuasi x-1 5T L. D sandstones, 5873
7 G026 Maracaibo Foraland 358 2700 ¥, ghelf clastic rocks, Eo. fluvial sandstones 5516 3-18.3 1-26 Ceutz: Eo. sandstonas ; 4880
8 2002 Oman Basin Rift 33z 2435 Cam-0 shallow manine and eolian sandstones L2ve &-0 0.02~3.7 Saih Rawl: Cam sandstones ; 4572
E] 4006 Worth Sea Graben Rift 321 ety Tr-Jr fluvial, shallow marine and deep marine slope clastics |5818 525 0.1-25 Eigin: Jrclastics; 5212
10 1008 Dnieper-Donets basin Foreland 238 1750 Mizs shallow marine paralic sandstosns [rra] “ablunivske : Miss sandstoens; 4588
11 4008 MWorthwest German basin | Foreland 187 1225 L. P fluvial, lacustrine and eclian clastics SA00 B-24 0.1-25 Sopehlingen: L. P clastics ; 45843
12 2007 Levantine Basin Passive margins | 158 1167 Mio deep marine sandstones 5000 Aphrodite 1: Mio sandstones ; 5000
13 I0E2 Hrishna Passive mangins | 130 @53 K, Pg and Mg deap marime sandstones 5250 5 UD-1: O sandstona; 5243
94 a0 Uanos-Barinas-Apura | Foreland 74 540 fan“;ﬂ:gd shallow marine sandstones, Eac fluvial 5838 4-20 80~1000 Huron 1: U. Mio. sandstone: 4832
15 TOAs Mila daita FPassive margins |68 484 Qli-Mio shelf sandstones 4844 F3-25 200 Satie 2: U, Qli-L. Mio sandsionas ; 8000
18 534 Scaotian shelf Passive margins |63 A58 Jr-L. ¥ marine delta and shelf clastics X 4.8-23.7 Vanbure: Jr-L. K clastics, 5550
. L.-M. Jr and . K fluvial-lacusirine sandstones, UL P r _ _ ] - ]
17 e Junggar basin Foreland &0 441 Iacustring sandstonas BO51 SE~-30 0.3-17.3 Liwhwsdi : L-M. Jrand L. K sandstones: &081
18 4015 Pannonian Basin Foreland &S A08 Mio fluvial and lacustrine conglomerates and sandstones | 5500 Mako Trough: Mia conglomerates and
sandstones ; 5500
18 TO2G Tanzania basin Passive margins |51 an Pg deep marine sandstones 4500 Zafarani 1: Pgsandstones; 4500
20 6020 Trinidad Foreland 50 4 Mg marine delta and shelf sandsiones Sl 18 Bounty 1: Mg sandstonas; 4800

Summary of deep siliciclastic reservoir data in the top 20 basins ranked by the
proved plus probable (2P) original reserves of deep petroleum reservoired
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There is a positive correlation between permeability and porosity.
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Permeability vs. porosity for global siliciclastic petroleum reservoirs
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Reasons for this phenomenon

elbourne, Australia

1. Grain coating and grain rims

2. Early emplacement of hydrocarbons

3. Shallow development of fluid overpressure.
4. Secondary porosity development

5. Salt development

(Schmidt, et al., 1979; Bjgrlykkek, 1984, 1998,2012; Saigal, et al., 1992; Ehrenberg, 1993;Aase et al.,
1996; Bloch et al., 2002; Tylor et al., 2010; Nguyen et al., 2013; Grant et al., 2014 )
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Deep siliciclastic reservoir
development characteristics in
China:lizhong Depression
Raoyang Sag of Bohai Bay
Basin
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Case Study

The main composition of Shahejie Formation is feldspar-quartz sandstone
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Ternary diagram showing the framework-grain composition of

Shahejie Formation sandstones in Raoyang Sag
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Case Study

Diagenesis characteristics in sequence stratigraphic framework of Raoyang Sag
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If we want to obtain high porosity
at the deep clastic reservoirs,
better primary porosity are
needed. This will help the
development of early
emplacement of hydrocarbons
and secondary porosity
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AAPGSEG

Chinese University of Petroleum (Beijing) International Conference
FEARHKFE JEED L L
PESA s,

Conclusion:

»Central and South America and North America (excluding the Lower 48 States), which are the
largest shares and amount to 57.3% of the total proved and probable oil and gas reserves in deep
siliciclastic rocks.

ANorth America contains the bulk of oil reserves in deep siliciclastic rocks, whereas Central and South
America has the lion’s share of gas and condensate reserves.

»0Of the 74 deep petroliferous basins with siliciclastic reservoirs, the richest petroliferous basins are
the Gulf of Mexico, East Venezuela, Arabian, South Caspian, Tarim and Santa Cruz-Tarija Basins and
they host 73.7% of the total reserves.

»The variation of porosity with depth implies that anomalously high porosity and permeability have
developed in deep siliciclastic reservoirs. Their formation is most closely linked to the presence of
grain coatings, early hydrocarbon charging, pore-fluid overpressure and secondary porosity.

An China, deep petroleum exploration should focus on the fairways.The success of deep petroleum
exploration depends upon the delineation of “Sweet Spots” in deep layers where grain coatings,
fluid overpressure and/or well-developed salts might have preserved original primary porosity.
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