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Deep fluid activity is widespread in large oil-gas basins around the world. Deep

fluids, as the links between internal and external factors of a basin, run in theway

of organic-inorganic interactions through the oil-gas formation and

aggregation. Herein, the identification characteristics of deep fluids in

sedimentary basins as well as their influence on oil-gas reservoir formation

and geothermal resource are summarized. The deep fluids of sedimentary

basins are identified from three aspects, including mineral composition, fluid

inclusions, and geochemical characteristics. The effects of deep fluid activities

on oil-gas reservoir formation are manifested in two key aspects of matter and

energy. As for the matter effects, deep fluids can improve the primary

productivity of sedimentary basins and carry abundant inorganic hydrogen,

which contributes to improving the hydrocarbon productivity through

hydrogenation. As for the energy effects, the heat energy of deep fluids can

promote the mature evolution from organic matter to oil and gas. During this

process, the heating of deep fluids will cause the oil-generation window depth

of the hydrocarbon source rocks to become thinner, and it will also generate

very high pressure, whichwill promote the discharge of abundant hydrocarbons

formed by the hydrocarbon source rocks. Furthermore, deep fluids can directly

form volcanic rock oil-gas reservoirs. And another manifestation of deep fluid

energy is geothermal. And the thermal energy of deep fluids can directly form

hot dry rocks, which is the most important existing form of geothermal

resources. The geological exploration of hot dry rocks should be supported

by further geochemical and geophysical research.
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1 Introduction

The deep fluids in sedimentary basins refer to the fluids

preserved in the deep crust and mantle below the basement of

sedimentary basins (Andersen et al., 1984; Hauri et al., 1994;

Izraeli et al., 2001). The activity of deep fluids is the carrier of

energy and matter in the deep earth, and it is widespread in the

major sedimentary basins worldwide (Andersen et al., 1995;

Izraeli et al., 2001; Scambelluri et al., 2008). Sedimentary

basins are just located in the intersection between the inner

and outer layers of the earth, and this intersection is covered by

the hydrosphere, biosphere and atmosphere, and underlaid by

the lithosphere and mantle asthenosphere (Hitchon, 1969;

Garven, 1985). During the formation of sedimentary strata,

many oil-gas basins developed intrusive rocks, volcanic rocks

and other endogenetic geological products. In particular, many

Mesozoic-Neozoic oil-gas basins belong to volcanic sedimentary

basins to some extent, in which the accumulation thickness of

volcanic rock layers is up to hundreds of meters or even above

one thousand meters as well as intrusive bodies in different sizes

(Vogt, 1974; Mazzarini et al., 2010). Recent research on

diagenesis, reservoir characterization and oil-gas systems

implies that deep fluid activities affect oil-gas reservoir

formation in many ways, and almost involve throughout the

entire formation, migration, accumulation, and preservation of

oil and gas. Hence, the oil/gas-controlling effects of deep fluids

have attracted wide attention. Beides the energy and matter

effects on oil-gas reservoir formation, volcanic rock oil-gas

reservoirs will also be formed after the condensed

crystallization of deep magmatic fluids (Luo et al., 2005; Feng,

2008).

Deep fluids will promote the formation of hydrocarbon

source rocks and improve the hydrocarbon generation and

expulsion efficiency (Dupuy et al., 1982; Mendelzon and

Toksoz, 1985). During the evolution of sedimentary basins,

the fierce active period of magma is generally the intense

cracking and sinking stage of basins and the critical

depositional stage of hydrocarbon source rocks. The existing

research suggests that deep fluids significantly affect the

formation and mature evolution of hydrocarbon source rocks.

Firstly, deep fluids are favorable for the formation and

preservation of original biological matter of hydrocarbons.

The deep hydrothermal fluids usually carry abundant mineral

elements and heat that can warm up the water bodies inside

basins, while the abundant nitrogen, phosphorus and other

nutrients lead to abnormal organism development in the

volcano eruption environment, which contribute to the

formation of parent materials (Liu et al., 2019). The

temperature and salinity of active fluids rise sharply, forming

anoxic conditions that are favorable for the rapid enrichment and

storage of organic matter. Secondly, deep fluids can accelerate the

hydrocarbon generation and expulsion of hydrocarbon source

rocks. During the burying of hydrocarbon source rocks, the heat

brought by magma and thermal fluids will bake and heat the

hydrocarbon source rocks, which greatly promotes the

hydrocarbon production quantity and speed of organic

matter. Furthermore, hydrothermal or magmatic activity will

bring abundant transitional metal elements (e. g. Ni, Co., V, Mn)

to the surrounding hydrocarbon source rocks. Thermal

simulation tests show that these transition metals can catalyze

the degradation of oxygen-containing groups in organic matter

and the decomposition of carbonates (Brother et al., 1991;

Kawanaka et al., 1991; Larter et al., 2003; Liu et al., 2019).

Hence, at the same pressure and temperature, the organic

matter of hydrocarbon source rocks in active deep fluid areas

will rapidly form hydrocarbons in duplicate amounts and allow

the organic matter to enter the maturity threshold earlier in the

case of low temperature and pressure.

Deep fluids can provide the necessary H source for oil-gas

production. Thermal degradation of organic matter to form

hydrocarbons is an H-consuming process, but H is a critical

reducing component of deep fluids. The hydrogen of the deep

source can enter sedimentary basins through two channels.

Firstly, H enters sedimentary basins directly through deep

degassing, and the channels are the deep and large fractures

or accompanying volcanic activities at the basin basements.

Secondly, secondary corrosion of ultrabasic rocks (e. g. the

serpentinization of peridotite) will release H. The infusion of

H-rich fluids will compensate for the H needed by the

hydrocarbon production of hydrocarbon source rocks, thereby

improving the hydrocarbon production efficiency of

hydrocarbon source rocks. As a result, the hydrocarbon

source rocks with low organic carbon concentration in the

basins can also become valid for the production of abundant

oil-gas (Larter et al., 2003; Tchanche et al., 2009; Dernaika et al.,

20152015). According to research, due to the effect of deep fluids

on the hydrogenation of hydrocarbon source rocks, the

concentrations of alkanes, aromatic hydrocarbons,

heterogeneous components and bitumen in hydrocarbon

source rocks are somehow different from those in unaffected

areas (Whelan et al., 1994).

Deep fluids can directly form volcanic rock reservoirs (Feng,

2008). The existing research on oil and gas reservoirs is mostly

focused on sedimentary rocks, but in fact, igneous rocks can also

act as oil and gas reservoirs under certain conditions. The

intercrystal pores and gaps formed from the cooling

crystallization of igneous rocks, the microfractures formed

from tectonic movement, and the secondary pores resulting

from the dissolution of oil-gas water media are all favorable

reservoir spaces for igneous rock reservoirs. Normally, igneous

rock reservoir systems are featured by the complex types and

structures of reservoir space, diverse geometrical shapes, different

causes, uneven distribution of pores, low connectivity, and

heterogeneity among horizontal reservoirs and longitudinal

reservoirs. Whether igneous rocks can become valid reservoirs

depends on the lithology, lithofacies, tectonics, tectonic
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fluctuation, and diagenesis of igneous rocks (Zou et al., 2008;

Chang et al., 2019). Furthermore, the formation of oil gas

reservoirs with industrial values is decided by specific oil

geological conditions, including sufficient oil-gas sources,

favorable reservoir-caprock assemblages, the reservoir space

formed by fracture-pore systems, valid trapping (matching

between trapping time and oil-gas migration time, the spatial

relationship between trapping position and oil source area), and

necessary preservation conditions.

Terrestrial heat is stored inside the earth. Geothermal

resources are the geothermal energy, geothermal fluids and

their valuable parts inside the earth that can be economically

used by humans. Geothermal resources can be divided by the

causes and occurring conditions into superficial geothermal

energy, hydrothermal resources and hot-dry-rock geothermal

resources. Hot dry rocks are the rock mass under high

underground temperature and lacking fluids owing to low

porosity and penetrability. The heat stored in hot dry rocks

should be exploited by artificially fracturing into the enhanced

geothermal systems (Kohl et al., 1995). As for the formation

mechanism, hot dry rocks are mainly formed when deep

magmatic fluids invading the strata of sedimentary basins are

not erupted out of the ground. The common hot dry rocks

include biotite gneiss, granite and granodiorite. Hot dry rocks are

nearly distributed throughout the world, and along with the

geothermal temperature rise into the deep part of the earth, any

place can be found with hot dry rocks at a certain depth (Zou

et al., 2008). So far, the most potential areas for exploitation and

utilization of hot dry rocks include the new volcanic active areas

or the crust thinning areas, which are mainly located at the

margins of global plates or tectonic terrains.

Herein, we statistically analyzed and summarized the deep

fluid activities of oil-gas basins in China as well as their

recognition marks, and elucidated the effects of deep fluids on

oil-gas reservoir formation. Moreover, we preliminarily

summarized and analyzed the relationship between deep

fluid activity and geothermal resources in sedimentary

basins, and finally clarified how the deep fluid activities of

sedimentary basins affected oil-gas and geothermal

resources.

2 Recognition marks of deep fluids

It is quite difficult to research the causes and sources of

deep fluids in basin. Though the sources of some fluids are

clear, the views about the causes and sources of fluids are

conflicting, which is mainly because the recognition marks are

unknown. Hu, (2016) divided deep fluids into three types.

Firstly, the fluids formed in the deep parts of basins and

originating from crystallization basements are generally

within the range of rigid crust and are called crust-derived

fluids. Secondly, the hydrothermal fluids related to

hydrocarbon formation are formed from the crude oil

splitting under deep burial and thermal sulfate reduction

(TSR) and are called hydrocarbon-derived hydrothermal

fluids. Thirdly, the fluids originating from the mantle are

called mantle-derived fluids. In previous studies, deep fluids

are recognized mainly according to the mineralogical

properties of rocks, the characteristics of fluid inclusions,

and geochemical characteristics (Hu, 2016).

2.1 Mineralogical properties of rocks

During the corrosive reconstruction by hydrothermal fluids,

along with the temperature and pressure changes and the spatial

migration of fluids, minerals often fill in the existing reservoir

space or fissures, including calcite, dolomite, quartz, fluorite,

barite, blende, chlorite and pyrite (Jin et al., 2006; Zhu et al., 2013;

Hu, 2016). The major types of filling minerals are decided by the

composition of the fluid-carried materials and the fluid-adjacent

rock interaction.

2.2 Characteristics of fluid inclusions

When deep fluids invade the superficial part of basins, the

temperature is usually 5 to tens of degrees Celsius above the

adjacent rocks (Davies and Smith, 2006). The calcite, dolomite

and quartz in deep carbonate strata possess higher

homogenization temperature and higher salinity than the fluid

inclusions in the strata.

The calcite cement inclusions in the tectonic fractures of

the Lucaogou formation, in the Jimsar Sag, Junggar Basin

possess very variable homogenization temperatures, and

thereby can be divided into three intervals (Figure 1). The

homogenization temperatures of inclusions within the same

interval are very stable, indicating tectonic fractures are well

coupled with fluid activities. Accordingly, three fluid activity

phases can be determined, there are 60–109°C, 109–157°C and

157.9–211°C respectively (Figure 2). Based on the multiphase

characteristics of homogenization temperatures, the tight

reservoirs of the Lucaogou Formation in the Jimsar Sag

experienced multiphase fracturing and fluid filling

activities. Particularly, the homogenization temperatures of

inclusions in the third phase are within 157.9–211°C, and

these inclusions originated from deep fluid activities. In the

Ordovician carbonate rocks from wells T737 and T740 in

Tabei of Tarim Basin, calcite samples from several parts were

found with fluid inclusions at high homogenization

temperatures, as the average temperatures were 158.1 and

144.2°C respectively, which were higher than the burying

temperatures of strata (Zhu et al., 2013). These two

samples also have high salinity, and the average salinity of

the sample from well T740 is 16.8%, indicating the cause of
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deep hydrothermal fluids. Compared with Tabei, the

Ordovician calcite samples from Tazhong were found with

fluid inclusions at higher homogenization temperatures and

salinity, as the homogenization temperatures (139.2–180.8°C)

were higher than the burying temperatures of strata,

indicating the cause of being deep hydrothermal fluids

(Figure 3). In conclusion, theoretically, the

homogenization temperatures of fluid inclusions from deep

fluid active areas are higher than the stratum temperatures.

FIGURE 1
Frequency histogram of the homogenization temperature (Th) for tectonic fracture calcite cements of the Lucaogou Formation in the Jimsar
Sag, Junggar Basin.

FIGURE 2
Fluid inclusions from calcite fillings in tectonic fractures of the
Lucaogou Formation in the Jimsar Sag, Junggar Basin, (A)
homogenization temperature (Th) V.S. fluid inclusion size plot, (B)
homogenization temperature (Th) V.S. ice point temperature
(Tm) plot.

FIGURE 3
δ18OPDB-δ18OPDB relationship of Ordovician calcites in the
Tarim Basin.
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2.3 Geochemical properties

The common hydrothermal minerals formed under deep

hydrothermal activities normally possess the geochemical

characteristics of deep hydrothermal fluids (Simmons and

Browne, 2000). In the Ordovician carbonate rocks in Tazhong

of Tarim Basin, the calcite veins have δ18OSMOW of −7.9‰–

~14.3‰, which is an important basis for discriminating the deep

fluid activities (Figure 3). The C-O isotopic distributions of

calcite cements in tectonic fractures of the Lucaogou

Formation in the Jimsar Sag are basically consistent with the

homogenization temperatures of fluid inclusions, these can be

divided into three intervals, which reflect the differences in the

C-O isotopes of filling fluids at the three phases. The calcite

cements in group A and B are mostly projected onto

“sedimentary carbonate domain” and “fluid process”,

respectively. Relatively, calcite cements in group C with

δ18OSMOW of 4.51‰–17.49‰ are mostly projected onto

“original mantle carbonates”, indicating calcite in group C is

correlated with mantle fluid action (Figure 4).

Generally, Sr isotopes are used to trace fluid activities (Foden

et al., 2001; Stewart et al., 2015). However, Sr is highly mobile in

fluids and is susceptible to assimilation and contamination

(Woodhead et al., 2001; Spandler et al., 2007). Accordingly,

the tracing ability of Sr over the provenances of fluids is

uncertain. Nd isotopes can effectively qualify the properties of

calcite cements in fractures, and are unsusceptible to geological

influence during fluid migration. The 143Nd/144Nd, 147Sm/144Nd,

and εNd(t) of group A of calcite cements in the Jimsar Sag are

0.512767–0.512986, 0.067292–0.19731, and

6.44–9.98 respectively. These data are similar to the εNd(t) of
Permian mafic-ultramafic complexes in north Xinjiang, the

peridotites of Tianshan Mountains, the basalts of Beishan-

Tianshan, and the surrounding basalts of Junggar Basin. Thus,

it can be deduced that calcite cements of group A resulted from

the hydrothermal fluid activities induced by post-collisional

mantle magmatism. The Eu positive anomaly of calcite largely

and directly reflects the Eu2+/Eu3+ ratio of fluids. The Eu2+/Eu3+

ratio of basin fluids is controlled by temperature, because Eu3+ is

reduced to Eu2+ under a high-temperature reducing environment

and the reduction is balanced at 250°C (Sverjensky, 1984; Bau and

Moeller, 1992). Since Eu2+ is larger than Eu3+ in radius (0.117 vs.

0.095 nm), Eu2+ is more difficult than Eu3+ to enter rock-forming

minerals. Thus, the Eu of fluids in a high-temperature

environment mainly exists as Eu2+ (Figure 5). During the

condensation and crystallization of hydrothermal fluids, Eu2+

FIGURE 4
C-O isotope diagram for calcite cements in the tectonic
fractures of the Lucaogou Formation in the Jimsar Sag, Junggar
Basin. Data of original mantle carbonate were from Taylor et al.
(1967) and Hoefs and Hoefs, (2009); data of sedimentary
carbonate were from Veizer and Hoefs, (1976) and Toyoda et al.
(1994) data of mantle carbonate of South India were from
Wickham et al. (1994); data of calcite cements, limestone and
sandstone of Dongying Sag were from Jin and Wang, (2007).

FIGURE 5
Rare earth element distributions of (A) Ordovician calcite in
Tazhong of Tarim Basin, and (B) Lucaogou Formation Permian
calcite of Jimsar Sag.
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is converted to Eu3+. Since Eu3+ is similar to Ca2+ in radius

(0.1 nm), Eu3+ can replace Ca2+ to invade into carbonate rocks

(Dasgupta et al., 2003), leading to the Eu positive anomaly in

calcite of hydrothermal origin. The positive anomaly of Eu in the

calcite veins and recrystallized limestone in Tazhong of Tarim

Basin, and the Lucaogou Formation calcite veins in Jimsar Sag of

Junggar Basin indicates the relevant fluids experienced very high

temperatures and must come from the deep hydrothermal fluids.

The homogenization temperatures of fluid inclusions surpassing

stratum temperatures suggests that relevant fluids are

hydrothermal fluids.

3 Resource effects of deep fluids

3.1 Matter supply from deep fluids to
hydrocarbon source rocks

The effects of deep fluids on oil-gas reservoir formation have

always been the focus of petroleum geology research. In addition

to abundant magmatic melted masses, the deep earth also

contains C-O-S-H fluids, which mainly exist in the form of

CO, CO2, N2, H2, CH4, SO2, and H2O, and contains all the

hydrocarbon-forming elements. These fluids can be considered

hydrocarbon or hydrocarbon-derived materials. During the

formation of hydrocarbon source rocks, deep fluids can

improve the primary productivity of sedimentary basins, and

can form favorable organic preservation environments. As for

improving the ocean productivity, the deep fluids provide the

organisms in sedimentary basins with bio-derived elements (N,

P, C, Si, Fe, Zn, and Mn) and offer the sedimentary basins with

archaea, thermophilic bacteria and other primary producers. The

abundant CO2 and CH4 gases carried by deep fluids offer

abundant carbon sources to ground surfaces and oceans.

These carbon sources facilitate the synthesis of glucose, amino

acids, nucleotides and other life elements, and provide sufficient

CO2 for photosynthesis by terrestrial plants and the inorganic

oxidation by deep-sea thermophilic bacteria (Figure 6). The

carbons in deep fluids mainly originate from the carbon

release in the subduction belts and deep mantle during

subduction, and the deep carbon cycles include the capture of

CO2 (subduction-belt sediment carbonates subducted along with

oceanic crust into the internal earth), and the eruption of CO2,

hydrocarbons and carbonate melts along with ocean ridges,

island-arcs, mantle plume and other tectonic zone magmatic

activities into ground surfaces and the atmosphere (Figure 6).

The deep carbon circulation and ground surface carbon

circulation jointly form the carbon circulation system on the

earth, of which internal carbon content accounts for 90% of total

carbon on the earth.

Predecessors have studied the oceanic crustal subduction

system and carbonate ophiolite suites and found the total carbon

content from subduction belts to deep earth every year was

5.4–5.8 × 1013 g (Philp and Gilbert, 1986), and the annual average

net carbon content entering the mantle was up to 3 1 × 1013 g.

Other parts of captured carbon that did not reach the deep

mantle mainly disengaged from subduction plates or deepmantle

through the oceanic-crust metamorphosis and decarburization,

the dissolution of plate dehydrated fluids, the fusion of carbonate

subduction plates and deep carbonate mantle, and the redox of

carbonates. Moreover, the escaping carbon entered the

hydrothermal fluids in the form of CO2 or carbonate melts,

and ascended with the fluids to the ground surface and

atmosphere (Figure 7). Notably, carbon-bearing rocks in

subduction zones produce carbon-bearing aqueous fluids (e.g.,

CO2-rich fluids and C-O-H fluids), graphite or diamond

hydrocarbon-rich supercritical fluids and carbonatite melts by

metamorphic reactions during the subduction process (Figure 7).

The abundant carbon carried by deep fluids provided the carbon

sources needed for the life activities of oceanic and terrestrial

organisms, and promoted the thriving and primary productivity

of oceanic and terrestrial organisms. This part of carbon also

became the critical material basis for the formation of CO2 gas

reservoirs from the inorganic origin. Due to the high temperature

and flow rate of mantle source CO2, it has a strong extraction

effect on surrounding rock during the flowing process, which can

improve the hydrocarbon expulsion efficiency of source rock to a

certain extent. The distribution of saturated n-alkanes from the

source rock samples in the mantle source CO2 affected area

shows a post peak pattern, indicating that the easily migrated low

carbon number hydrocarbons have been discharged. However,

the distribution of n-alkanes from the source rock samples in the

FIGURE 6
Phanerozoic deep carbon circulation modes (modified from
Dasgupta (Dasgupta, 2013) (2013)).
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areas not affected by the mantle source CO2 presents a stable pre

peak type, which indicates that the emission of low carbon

number hydrocarbons that are easy to migrate is relatively

small. In addition, the neutral gas (CO2, Co, and N2) carried

by the deep fluids is dissolved in the crude oil, reducing the

viscosity, density and freezing point of the crude oil, which is

conducive to the discharge of hydrocarbons from the source

rocks (Bau and Moeller, 1992; Stewart et al., 2015). At the same

time, a large amount of CO2 brought by deep fluids enters into

the formation, which immensely enhances the acidity of

formation water after being dissolved in water, thus forming

acidic fluid, dissolving carbonate minerals in the reservoir, and

effectively improving the physical properties of the reservoir.

There are a lot of transitional metal elements in the deep fluids.

The 3D electron layer of these transition metals is not filled,

which has strong adsorption on gas and organic matter, and can

break the C-C bond, C-H bond and C-O bond in organic matter

to form hydrocarbons. Among them, Ni has the strongest

catalytic performance among transition metal elements, even

with content of 1×10−6 Ni shows strong catalytic ability (Jin and

Wang, 2007).

The deep fluids are favorable for the organic matter

preservation in marine and terrestrial sedimentary

environments. Firstly, large-scale volcanic activities can cause

massive biologic deracination and create conditions for organic

matter embedding. The CO2, CH4, SO2 and other gases ejected

from magma isolated air, forming a reducing environment for

organic matter preservation. Secondly, the hydrothermal CO2

bound with the aqueous Ca2+ or Mg2+ to form carbonates, which

increased aqueous salinity and promoted the water stratification

and the stop of seawater circulation. These consequences created

favorable aqueous dynamic conditions and redox status for

organic enrichment (Jin et al., 2002). Furthermore, the

hydrocarbon generation and expulsion of hydrocarbon source

rocks in deep fluids also will be hydrogenated (Cadle, 1980; Neal

and Stanger, 1983). Globally, the mantle is rich in H resources

(Jin, 1998). The H-containing deep fluids canmigrate, along deep

and large fractures, to the superficial part of the earth and even

will reach ground surfaces. Hydrogen is also a major component

of volcanic gas erection (Cadle, 1980) and can be also formed in

the serpentinization of mantle-derived rocks and other sources

(Cadle, 1980; Neal and Stanger, 1983). Jin, (1998) designed a

comparative simulation experiment on the catalytic

hydrogenation of oil source rocks by using volcanic minerals,

adopting the fluorspar from magmatic rocks as the catalyst, and

olivine as the hydrogen source (Jin, 1998). It was found that when

the organic matter reached a certain temperature, the methane

yield rose by 2–3 times after adding the olivine and fluorspar

(Figure 7).

Many studies have confirmed that deep fluids are very

important for the formation and development of hydrocarbon

source rocks, the efficiency of hydrocarbon generation and

expulsion, the physical properties of reservoirs, and oil-gas

migration and aggregation. Case studies indicate deep fluids

FIGURE 7
Schematic diagram of subduction-belt carbon circulation.
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can enrich the sources of hydrocarbon source rocks, carry

abundant chemical components and heat, and bring some

nutrients to basins, promoting the thriving and breakout of

organisms in basins (Philp and Gilbert, 1986). Ocean

geological surveys reveal abundant “hydrothermal organisms”

were developed in the extreme deep-sea hydrothermal

environments. Volcanic ash cultivation experiments indicate

that, compared with the absence of volcanic ashes, the

presence of volcanic ashes increased the photosynthesis

efficiency and chlorophyll concentrations (Figure 8A, B).

Furthermore, as the hydrothermal fluid activity stopped, due

to the lack of energy and matter needed to maintain life activities,

the biotic communities died in very short time, resulting in the

enrichment of organic matter. Another view holds that excessive

deep fluids may “inhibit the development of hydrocarbon source

rocks”, and the single-layer thickness of tuff reflects the amount

of nutrients carried by volcanic ashes at one time. A larger

thickness reflects the larger amount of carried nutrients. In

Ordos Basin Yanchang Formation, when the tuff thickness is

smaller than 2 m, with the single-layer tuff thickness increases,

the total organic carbon (TOC) of shale close to tuff layers

gradually rises. However, when the tuff thickness is larger

than 2 m, the TOC decreases with the increase of single-layer

tuff thickness (Figure 9). These results suggest that when the

volcanic ashes from a single sedimentation are excessive, it is

unfavorable for organic matter formation.

3.2 Energy supply to hydrocarbon source
rocks by deep fluids

The critical effects of deep fluid activities on hydrocarbon

source rocks are also reflected by promoting themature evolution

of organic matter to oil and gas. The hydrocarbon formation of

organic matter is also supported by the internal heat of the earth,

and the hydrocarbon yield under certain conditions is also a

function of temperature (Tissot and Welte, 1984). On the one

hand, the heating action of deep fluids will cause the oil-

generating window depth of hydrocarbon source rocks to

narrower (Othman et al., 2001) and accelerate the mature

evolution of peripheral hydrocarbon source rocks, forming

premature oil reservoirs and increasing the hydrocarbon yields

(Uysal et al., 2000; Othman et al., 2001; Jin et al., 2013). On the

other hand, deep fluids also generate extremely high pressures

and promote the discharge of abundant hydrocarbons formed by

hydrocarbon source rocks, entering the reservoir aggregation to

form reservoir formation (Wan and Jin, 2003; Jin and Wang,

2007). Based on the calculation of heat energy, Jin and Wang,

(2007) found the heat brought by magmatic invasion in

sedimentary basins will allow the surrounding hydrocarbon

source rocks at 5 times its volume to rise in temperature by

tens or even 200°C (Wan and Jin, 2003; Jin and Wang, 2007;

FIGURE 8
Comparison of photosynthesis efficiency and chlorophyll contents with or without volcano ash cultivation.

FIGURE 9
TOC projected points of single-layer tuff thickness and
adjacent shale.
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Chang et al., 2019). Though the magmatic invasion will bring

abundant heat, causing a significant temperature rise in the

surrounding hydrocarbon source rocks, the acting time is

relatively short and is generally only a few thousand to ten

thousand years. But the cooling time of large-scale bedrocks is

up to tens of thousands of years, and the influence range is

directly proportional to the thickness of the intrusion, which is

generally 1–2.72 times of the thickness of the intrusion (Jin,

1998). Hence, as for the medium and small-sized intrusive bodies

in sedimentary basins, the magnitude of effects on hydrocarbon

forming fluids should be further explored.

To sum up, the intrusive body has a significant impact on the

thermal evolution of the organic matter of the surrounding rock,

which makes the organic matter in it mature abnormally, but the

impact time is very short. The influence range is about twice the

thickness of the intrusive body in the vertical direction, and the

distance from the center of the igneous rock in the horizontal

direction is about the same as the diameter of the igneous rock.

The huge heat brought by igneous rocks even makes the source

rocks metamorphic, and even loses the ability of hydrocarbon

generation. However, there is still a lack of research on the

influence mechanism and influence range of the energy effect

of extrusive rocks on the source rocks, especially the source rocks

overlying the extrusive rocks.

3.3 Direct formation of reservoirs from
deep fluids

The crystallized diagenesis of deep fluids will form magmatic

rock reservoirs, and volcanic rock oil-gas reservoirs are a special

type of oil-gas reservoirs. For a long time, it is believed that

artificial volcanic activities will destroy oil-gas formation and

aggregation, which is unfavorable for the formation of oil-gas

reservoirs (Zerong et al., 1989). Recent research on volcanic rocks

suggests that volcanic activities and volcanic rocks under certain

conditions will contribute to oil-gas reservoir formation or

namely the enrichment and hydrocarbon conversion of

organic matter, and can act as oil-gas reservoirs and overlays,

and ancient-uplift or synsedimentary anticline. East China

extends from Heilongjiang and Inner Mongolia in the north

to Guangdong in the south. Many faulted basins formed from

North China ground cracking movements were found with

volcanic rock oil-gas reservoirs that possessed high reserving

and oil-producing activities. The magma, melted in the heat

sources at above 1,000°C carried in large and deep fractures, will

be condensed into volcanic rocks, which can provided the heat

energy during heat loss needed by organic thermal

metamorphism and evolution to form hydrocarbons, and act

as a heat source focusing bodies. Moreover, during condensation,

due to the thermal expansion, the condensed volcanic rocks will

develop fissures, and some rocks contain pores after the escape of

melt-out gases. From the aspect of oil geology, volcanic rocks

with oil-gas reservoir abilities and oil-gas seepage abilities can

form oil-gas reservoir strata, which usually include basalt,

andesite, trachyte, rhyolite, and volcanic agglomerate, volcanic

breccia, tuff, and other volcanic clastic rocks.

Why volcanic rocks can become oil-gas reservoir strata with

commercial values can be explained by five reasons. 1) Volcanic

lava is often developed with pores and abundant contraction

fractures. 2) Volcanic clastic rocks are developed with abundant

inter-gravel (inter-grain) pores. 3) After the volcanic lava spewed

out of the surface, the physiochemical conditions will severely

change, leading to extreme instability of rock structures and

mineral composition, so the rocks can be easily weathered,

corroded and metasomatic, forming abundant corroded pores,

recrystallization pores, weathering/corroded fractures and other

types of seepage spaces. 4) The Young’s modulus is larger in

volcanic rocks than glutenite, and particularly large in acidic

volcanic rocks than neutral or basic volcanic rocks, as manifested

as high brittleness, so the rocks under tectonic forces can be easily

fragmented into tectonic fissures. 5) Many volcanic rocks, due to

crust activities and the long-term weathering/corrosion of the

outcropped parts, are extensively developed with weathering and

poured pore fractures, which fundamentally improve the

reservoir performances. For this reason, the superficial

intrusive rocks (also called secondary volcanic rocks, latent

volcanic rocks) and metamorphic rocks that are related to the

formation of volcanic rocks or accompany volcanic rocks (Jin

et al., 2006; Chang et al., 2019), due to the weathering and

corrosion of outcropped parts, also become oil-gas reservoir

strata.

In short, in the deep horizons of basins, the physical

properties of sandstone and glutenite are worsened, due to

thermal metamorphism and compaction. Therefore, the

sedimentary rock reservoirs in deep horizons are even worse

than volcanic clastic rocks and volcanic rocks. From the aspect of

oil-gas reservoirs, volcanic rocks are of favorable lithology. Thus,

the unique and favorable geological conditions are the geological

foundation for the formation of volcanic rock oil-gas reservoirs

in the rift valley basins of East China.

3.4 Deep fluids and geothermal resources

The heat energy of hot dry rocks is stored in various

metamorphic rocks or crystallized rocks, and some common

hot dry rocks include biotite gneiss, granide, and granodiorite

(Kumari et al., 2018; Ma et al., 2020; Wang et al., 2021). Hot dry

rocks are featured by enormous heat energy storage, high

utilization efficiency, and systematic stability. The hot dry

rocks at 3–10 km account for 90% of geothermal resources in

the world, so hot dry rocks are the major existing form of

geothermal resources. The exploitation of hot dry rocks will

open a huge thermal pool in the world. The exploitation and

utilization of hot dry rocks depend on artificially fabricated heat
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storage, and high-pressure infusion of low-temperature water

into injection wells (recharge wells) will cause fractures in rock

masses. During the continual injection of low-temperature water,

the fractures are gradually enlarged, expanded and connected,

forming a roughly plane-shaped artificial hot dry rock heat

storage structure (Kohl et al., 1995).

After crystallized diagenesis, deep fluids will become

magmatic rocks or high-temperature granitoid rocks, further

forming geothermal resources. In China, the Tengchong

Volcanic Group is characterized by intense hydrothermal

activities, such as boiling springs, intermittent fountains,

hydrothermal explosions, high-temperature jet holes and

steam emitting surfaces. It is a favorable area for geothermal

research. The abundant geothermal resources coincide with the

Tengchong volcano, indicating that there is a heat source in the

crust in this area. Through three-dimensional resistivity

inversion, three independent small-scale shallow magmatic

chambers are found in the upper crust (10–20 km) of the

Tengchong Volcanic Area, with an average temperature of

850–950°C (Tao et al., 2018). Three-dimensional resistivity

inversion of the lower crust and deeper in the Tengchong

Volcanic Area shows that there is a large basaltic magma

reservoir with a volume of about 7,000 km3 in the lower crust

(20–35 km depth). The deep crust magma reservoir is supplied

by the partial melting of the uppermost mantle, and the shallow

magma chamber is supplied by the lower crust magma reservoir

(Zhao et al., 2021). The existence of shallow magma chamber not

only provides heat source for high-temperature geothermal

resources in the Tengchong area, but also provides a

possibility for the existence of supercritical geothermal

resources in the Tengchong area (Wang et al., 2022).

So far, research on hot dry rocks exploration is still at the

starting stage. The geological exploration of hot dry rocks must

be assisted by further geochemical and geophysical studies.

4 Conclusion

The deep fluids of sedimentary basins can be identified from

three aspects of mineral composition, fluid inclusions, and

geochemical characteristics. The relationship between deep

fluid activity and basin oil-gas reservoir formation is all-

dimensional, as deep fluid activity is involved in the

diagenesis of hydrocarbon source rocks, reservoirs and

overlays, and affects the whole formation, migration,

aggregation, storage and destruction of oil-gas. Generally, the

effects of deep fluid activities on oil-gas reservoir formation are

manifested in two key aspects of matter and energy. As for the

matter effects, deep fluids can improve the primary productivity

of sedimentary basins, and can form favorable organic

preservation environments. Deep fluids normally carry

abundant inorganic hydrogen, so hydrocarbon production

efficiency can be improved by hydrogenation. The energy

effects are reflected by promoting the mature evolution of

organic matter to oil and gas. The heating by deep fluids will

narrow the oil-generating window depth of hydrocarbon source

rocks. Deep fluids also generate extremely high pressures and

promote the discharge of abundant hydrocarbons formed by

hydrocarbon source rocks, entering the reservoir aggregation to

form reservoir formation. Furthermore, the deep fluids can

directly form volcanic rock oil-gas reservoirs. As for

geothermal, deep fluids can directly form hot dry rocks. The

geological exploration of hot dry rocks is at the starting stage,

and must be assisted by further geochemical and geophysical

studies.
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