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INTRODUCTION

(3.1 The Conception of Geological General Field

Nowadays, subject differentiating and integrating scientifically
i dialectics of Earth science development. The system of geological
general field might be a try of subject integration.

Li Jialing(1989) proposed a concept of “Earth general field”[*,
but he only analysed the material field and energy field; Zao pengda
(1991)') researched the geological abnormal and anomaly field: Liu
Shinian(1992, 1993)also proposed the “Geological general field” and
analysed overall its composition, intrinsicness and structure, _ancl then
developed it into a system of geological general field.

The geological general field (or generalized geological field)is a
comprehensive concept of geological bodies or their assemblage and
relative physical-chemical characteristics. In composition, it includes
geological and geophysical as well as geochemical fields; Intrinsically
it includes material field and energy field; structurally it includes
background field and anomaly field. Either in geologica! fields or geo-
physical and geochemical fields, intrinsically there are only moving
material and movement of material. While either in material fields or
energy fields, there all exist different scale of background fields and
anomaly fields upon background. These fields have numeric charac-
teristics at first. When natural forces exist in space, they also have
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vector characteristics. The result is the formation of material flows
and energy flows in variety forms. In different grade of open condi-
tion and gross nonequilibrium state, the system could exchange con-
tinually its material and energy with environment. When the outer
conditions change to certain threshold value, different kind and scale
of time-spatial ordering structures could be occurred because of the
enlargement of random fluctuation and the occurrence of partial e-
quilibrium. Different scale of minerals distribute in different grade of
geological ordering structures.

The systematic framework of geological general field (abbr.
GGF) can be illustrated as following:

GBOLOGICAL. GENERAL FIELD

! , l

Comgposition Intinsicalness Structure
T —T
ical field Material field l Background field
jcal field
Geochemical field Encrgy field | |  Anomaly field
] L

[ J

[ Geological ordering structures \
!

I'l'imt—spﬂ:ial distibution of minerals !

0.2 GGF System and Mantle Dissipative Structures

The time-spatial scales for geological general field can be ex-
tended over the whole geohistory and crust-mantle system. The main

dynamic process of crust-mantle system is the mantle creeping flow.
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The simplest model is that mantle increases heat caused by molting
of radioisotope U, Th, K, etc, and then moves owing to the mantle

~creep and temperature grade. In the process of creep, the mantle dis-
sipates heat energy to outer field, and drives the crust plate or crust-
body (Chen Guoda, 1992)%) moving slowly at the same time. Never-
theless, the farther research has shown the complex model of mantle
dynamics. The creeping flow of mantle could be multistate as sta-
tionary, nonstationary and chaos states, and multiorder structures as
whole mantle convection, upper mantle convection and the mantle
creeping flow cause by abnormal mantle

(1) Stationary state. The distribution of mantle materials (in-
cluding radioisotopes) is inhomogeneous, so there is temperature
grade and density difference in mantle, which result in creeping flow
of mantle. The creeping flow of mantle can be divided into two
kinds: diffusive flow and convergent flow that the former is similar
to the a-type and the latter is similar to the b-type of convection pro-
posed by Scheidegger (1982)'8. When Earth’s movement is rela-
tively stable and the disturbance of outer field is not big, the creeping
flow of mantle could be a stationary state. It drags the plate or crust-
body moving slowly and controlls the tectonic action in plate devel-
oping continually and progressively. In this situation, the heat state
of mantle corresponds to a stable bifurcate solution of dissipative
structures.

(2) Nonstationary state. The analysis by nonequilibrium ther-
modynamics shows that when the value of controlling parameters is
locating at a critical value, the disturbance of outer field and the fluc-
tuation of system itself would decide the developing trend of system.
When the disturbance is periodically changing, the flow state and di-
rection would be alternative. The result is the formation of nonsta-

- 10 -




tionary creeping flow of mantle that oscillates periodically with time.
The periodical changement of acceleration of Earth’s rotation could
be the outer field of periodical disturbance. The polarity reversal
event of Earth’s magnetic field might enforce & natural connection
with both of them. The alternation of the form and direction of
creeping flow of mantle would result in nutation and transition of the
systemic state. Corresponding tectonic-magmatic action would be
taken place. Many times of alternation of the mantle creeping state
and direction would result in multicycle and periodicity .

(3)Chaos state. Lorenz equation'®! dealing with nonlinear dy-
namics proved that its lower-order spread formula can not give the
chaos salution when Prandtl value is infinity. The convection struc-
tures would be stable or metastable. Stewart and Turcotte (1989)(%7]
considered the high-order spread formula of Lorenz equation. Their
analysis shows that out of the reasonable range of Lorenz's trunca-
tion and in the condition of infinite Prandtl and very higher Rayleigh
value, the convection would be a chaos state correlated with time be-
cause of the nonlinear coupling existed in convection nomial of ther-
mal equation. It is also analysed by Prigogine and Nicolis'®! that
when the system is far from equilibrium stats, it would be change
from order to chaos state because of the desabilization time after time
and multistage bifurcation. It has the strange absorbent, which is the
result of coaction of the irreversible dissipative process and the non-
stability of moving orbit.

The creeping flow in crust-mantle system is the principal influ-
ential factor on the thermal and stress states of crust. The mantle
creeping flow of diffusion-type dissipates heat energy to crust, and
results in horizontal tensile stress and higher thermal state. The
mantle creeping flow of convergence-type results in strong horizontal

+ 11




nnressive stres= md lowe e thermal state. This is principal dynana -
roresis of the svstem of geob wival general ficld. In the action of tem
perature and pressare grade. The metallogenic materials would dif-

ferentiate and form multistage-ordering structures,

(0.3 The Multiorder Differentiation and Multiorder Metallogenic
Background Field in Crust

(1) The first-order differentiation of crust. It occurs between o-
ceanic crust and continental crust. The ectogensis of differentiation is
the tectonic action caused by the movement of plates or crustbodies
with the mantle creeping flow. The endogenesis is the vertical and
honizontal lateral nugration of mantle materials in the action of tem-
perature and pressure field. At first the differentiation of materials
occurs at the rift or mid-oceanic ridge. In tensile environment, heat
mantle materials in depth rise up and differentiate, form basic front
and accompany with low pressure-trending metallogenic elements.
Then the materials produce lateral shift differentiation along with
the movement of accreting plate in horizontal direction. At last the
composition of oceanic crust would be more basic-trending while the
continental composition be more acid-trending. The result is the for-
mation of the first-order metallogenic background field.

(2) The second-order differentiation of crust. It occurs in the o-
ceanic or continental crust, and correlates with the developed history
of tectonics and the differentiation of diagenetic and metallogenic
materials once again. It results in the formation of varied characteris-
tic tectonic-metallogenic unit, e. g. rift, trench, arc, marginal sea, su-
ture, and intraplate environment. They are the second-order metallo-
genic backgrond field in crust.

. 12 .




(3} The third =, fourth —, {ifth — order differentiation of
crust. They take place in subsidiary tectenic cells or different order
structures. Because of the material differentiaton controlled by dif-
ferent orders of energy fields, the third =, fourth —, fifth - order
mataflogenic background fields is respectively formed.

The multistage differentiation of crust correlates with the mul-
tiorder structures of mantle creeping flow and their multiple control-
ling over the tectonic action. The diffenent grade of metallogenic
background fields are all the multi order dissipative structures in
crust — mantle system in the condition of open and far from equilib

rium states.

0.4 The Correlation of the Geological Background, Anomaly
And Geological Ordering Structures

(1) The different grade of geological background ficlds are the
basis or environment of corresponding grade of anomaly [ields, while
the latter is a kind of new time-spatial ordering structure relatively
to the Iormer Any kind of geological anomalies have higher com-
plexity “and perfecter metallogenic differentiation as well as higher
organization than background field. They also have lower entropy
and smaller formative possibility.

(2) The geological anomalies are full or parts of the geological
anomaly field. The mathematical relation of them can be represented
as following:

(G, );;:—(GM).u’n (GA),QEGF,, G;, G.h G,i

Here, (G4),/, is a group of different orders and kinds of the
static or dynamic geological anomalies. (G, ),,, is a corresponding
group of the geological anomaly field in space or a geological anomaly
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domain in time. The state geological anomaly { G4 ), includes body-

face-line-spot type. (18] 1

is a complete pattern and series of geologi-
cal anomalies. '

(3) The diffusive center and convergent center of mantle creep-
ing flow and anomaly mantle or mantle sack often produce geological
anomalies-in crust, which are the important parts of mantle-crust

metallogenesis.
0.5 The Application of Geological General Field

(1} The geological general field is characterized by dual prop-
ertes of structure and probability. The structrual property can be
shown as multistage ordering structure in stationary, nonstationary
etc. mantle creeping flow and multiorder mantle convection in
space. The probability reflects in the deterministic chaos caused by
the high-grade bifurcation of dissipative structures in crust-mantle
system. The time-spatial distribution of minerals is also controlled by
dual properties of regularity and probability. We can recognize the
metallogenic law through research in the structures of geological
general field, and the probability of minerals distribution and.statisti-
cal regularity through analysis by statistics.

(2) Geological general field supplies minerals with the geologi-
cal, geophysical and geochemical backgrounds. The ore deposits dis-
tribute in the geological ordering structures and anomaly fields upon
comprehesion background. The metallogenic provinces, belts, dis-
tricts etc. are controlled by different orders of geological anomaly
fields. The higher the grade of the ordering structure and geological
anomaly fields is, the perfecter the metallogenic fractionation is.
The high ordering structures are the favorable sites for minerals oc-
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