Nonlin. Processes Geophys., 18, 1039 2011 4 "K Nonli P
www.nonlin-processes-geophys.net/18/103/2011/ GG onlinear Frocesses

doi:10.5194/npg-18-103-2011 in Geophysics
© Author(s) 2011. CC Attribution 3.0 License. -

Singular value decomposition (SVD) for extraction of gravity
anomaly associated with gold mineralization in Tongshi gold field,
Western Shandong Uplifted Block, Eastern China

B. B. Zhao and Y. Q. Chen
School of Earth and Mineral Resource, China University of Geosciences, Beijing 100083, China

Received: 7 June 2010 — Revised: 28 November 2010 — Accepted: 9 December 2010 — Published: 15 February 2011

Abstract. A singular value decomposition (SVD) program located within the contact metasomatic mineralization
on MATLAB platform was effectively used to handle gravity zone. Thus both of them are potential areas for gold
signals for the Tongshi gold field. Firstly, the gravity signals deposits.

were decomposed into different eigenimages with the help of

singular value decomposition method (SVD). Secondly, the 3. The Tongshi gold field exhibits a typical complexity
thresholds between the eigenvalues reflecting different layers ~ With multi-layers of ore-controlling factors.

of ore-controlling factors were established by multi-fractal
method. Finally images reflecting different layers of ore-
controlling factors were rebuilt. This yielded two layers of
two-dimensional singular value images that depict regionall Introduction
and local ore-controlling factors, respectively.

Singularity is a property of different types of nonlinear
natural processes, including cloud formation, rainfall,
2 , , s hurricanes, flooding, landslides, earthquakes, wildfires and
51ums* on the NW trending swell with thze gravity - mineralization (Cheng, 2008). In nonlinear theory, ore-
anomfaly values varying f_rom55 tq o267 HmS*on the . _forming process is a kind of singular geological process.
SW side of the Mesozoic volcanic sedimentary basinryg ginguiarity may result in anomalous amount of energy
with the grgwty anomaly values varying from56.to release or material accumulation within a narrow spatial-
—974um S™ The saddle valley might ?e tectonically temporal interval. The results of singular geological process,
an extensional area where the Tongshi compl_ex pIUtO.nfor example, mineral deposits and ore-forming anomalies,
and all gold deposits are located and thus this area I?epresent fractal or multi-fractal distribution which can be
favorable for gold deposits. described with power-law function (Cheng, 2009). How to
separate the information associated with ore-forming process
from whole complicated geological process is a subject we

1. The regional ore-controlling factor is a saddle valley
with the gravity anomaly values varying from55 to

2. The local ore-controlling factor is the Tongshi complex
pluton with a negative circular gravity anomaly varying

from —339 to —11pms?2 and the ring contact ©XPlore. _ |
metasomatic mineralization zone around the Tongshi With the SVD, a matrixX can be decomposed to a series

complex with the positive gravity anomaly varying from ©f €igenimages. The SVD can be used for signal and noise
37 to 345ums2. The skarn and porphyry types of separation (Glifford, 2005; Vrabie et al., 2004). Ulrych
gold deposits are located within the complex pluton ang®t al. (1988) illustrated the application of SVD to seismic

the Carlin and cryptobreccia types of gold deposits argProfiles. Freire and Ulrych (1988) used SVD to separate the
downgoing and upgoing waves in vertical seismic profiling

(VSP). Cagnoli and Ulrych (2001) evaluated the amount of
Correspondence toY. Q. Chen wavy reflections in ground-penetrating radar (GPR) image
BY (ygchen@cugb.edu.cn) of base surge deposits.The eigenvalues derived by means of
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SVD represent fractal or multi-fractal distribution described weighting coefficients of eigenimages; (3) their squared
with power-law function. Li (2005) used the multi-fractal values (i.eA) are equivalent to power spectral density values
SVD for feature extraction and anomaly identification for in Fourier space (Li, 2005).
mineral exploration. Relatively few eigenimages contain the most energy of
Anomalous amount of energy release or material accumatrix X. The percentage of each eigenimag®)(can
mulation which the singular geological process may resultbe calculated as the following equation (Freire and Ulrych,
in within a narrow spatial-temporal interval might exist in 1988; Li, 2005):
some specific eigenimages. The energy of eigenimages 5
or the squared eigenvalue.)( perhaps represents multi- P — % _ Aj )
fractal distribution, and can be described with the power-low™ ‘2. ,
functions. Thus some eigenimages which can be separated 2 9 2 Aj
j=1 j=1
and extracted may characterize some anomaly information
associated with mineralization.
In this paper, the SVD and multifractal methods are

used for analyzing the gravity data surveyed at scale of3 Application
1:50000 within Tongshi gold field, Western Shandong
Uplifted Block, Eastern China. We try to reveal the spatial Geophysical fields are very useful in inferring deep-seated
relationship between the deep geological structure and gol@eological structures and delineating concealed geological
mineralization in Tongshi gold field by extracting the gravi- objects such as buried intrusive bodies and ore bodies.
tational information in certain frequency to provide valuable Effective use of gravity fields, like other geophysical
evidences for predicting new gold deposits in depth. fields, depends on establishment of a set of signatures that
characterize forms, sizes and depths, as well as masses
of various geological objects and their relationship to
mineralization (Pan and Harris, 2000). The most direct
information acquired from gravity fields is the density of
geological bodies. A high gravity value indicates the
presence of geological objects with higher average density
X =UsV! (1) than the materials surrounding them. Conversely, a low

gravity value indicates the presence of geological bodies with
WhereU is a left eigenvector matrixs is a diagonal matrix relatively low average density.
calIepI singular. value matrix and” is a right (.ai.genvect'or Because of heterogeneity in the density of geological
matrix. The singular values ok are the positive entries ogies created during complicated geological processes,
of S which can be entered in decreasing order along itSeyen the same lithological unit in different spatial locations
main diagonal and are equal to positive square roots of thean cause different gravity anomalies, whereas different
eigenvalues() of the covariance matriceéX " andX”X. lithological units can produce similar gravity fields. This

Thus non-unigue correspondence can cause some difficulties in
?) inferring deep-seated geological structures and in delineating
concealed geological objects. Thus, intrinsic geological and

2 Singular value decomposition (SVD)

The SVD is a factorization of a rectangular matkxinto
orthogonal matrices, i.e.

S=diag(o1,02,...,0,)

wherer =rank(4), o1 > 02> ... > 0., 0; =+/A;. geochemical information is required.
The singular value decompositionXfcan be also written The scale of gravity anomalies is related not only to the
as follows: size, but also to the depth of geological bodies. The same
- scale and type of anomaly might be produced by different
xzzgiuiviT () lithological units located at different depths. Different
i=1 scales and types of anomalies are possibly associated with

] ] ) ] . differences in both the lithology and buried depth of
wherer is the rank ofX, u; o thei-th eigenvector oKX",  geological bodies. These complexities and difficulties mean
v; is thei-th eigenvector oK™ X, o; is thei-th singular value 4t new information decomposition techniques are required

T - - - | i . A .
of X, andu;v; is anm x n matrix of unitary rank called {4 jgentify possible ore-bearing locations from huge amounts
thei-th eigenimage oK (e.g. the first eigenimage;uyv; . of geosciences data.

According to Eq. (3), the original matrix can be rebuilt with
all of the eigenimages. Also if some specific eigenimags are3.1 Mineralization characteristics in Tongshi gold field
selected, a sub-matrix can be reconstructed.

The singular values obtained by SVD method haveThe Tongshi gold field is located at the concealed basement
features as follows: (1) they are distributed in decreasingarea in the southwestern margin of the Mesozoic Pingyi
order along main diagonal; (2) they represent differentvolcanic sedimentary basin in Western Shandong Uplifted
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Fig. 1. Geology and mineralization of the Tongshi gold field, Western Shangdong Uplift Block, Eastern China
(revised after Chen et al., 2000).

Block, Eastern China (Chen et al., 2001a, b). Thebodies vary in decreasing sequence?3- 2.90 g cnt3 for
concealed basement area where the Cambrian-Ordoviciathe Archean greenstone belt),62~ 2.76 gcnt2 for the
carbonates lay on the Archean green stone was intrude@ambrian-Ordovician carbonates,62~ 2.71gcn3 for

by the Tongshi subvolcanic alkalic intrusive complex which the Tongshi intrusive complex,.46 ~ 2.53gcnt? for the
consists of syenite porphyries and diorite porphyrites. TheJurassic-Cretaceous volcanic sedimentary rocks (Wang et al.,
w(*Ar)/w(3%Ar) analysis of amphiboles from the diorite 2003).

porphyrite and the syenite porphyry suites have recorded The SVD is used for analyzing the gravity data surveyed
ages of 188.4 Ma and 189.8 Ma (Lin and Tan, 1996). Theat scale of 1:50000 within Tongshi gold field, Western
zircon SHRIMP U-Pb ages vary from 167.9 Ma to 183 Ma Shandong Uplifted Block, Eastern China (Fig. 2).

(Hu et al.,, 2005). The mineralization has the zonation Freire and Ulrych (1988) defined band-pXss, low-pass
with the center of the Tongshi complex: porphyry gold X_p, and high-pas¥Xyp SVD images in terms of the ranges
occurrences are located within the intrusive complex. Skarrof singular value used.

iron-copper-gold occurrences are located at the inner contact 1

metasomatic zone between the intrusive complex and i'?( —pX:auv-T )
host rocks. Farther from the center, Crypto-breccia and -~ —~

Carlin gold deposits can be found. The large Guilaizhuang a

gold deposit has double mineralized features of both Crypto- g—1

breccia and Carlin types (Fig. 1) (Chen et al., 2000; Zhu etXgp= ZoiuiviT (6)

al., 2000; Yu, 2001). i=p

3.2 Extraction of gravity anomaly information Xpp = Xr: ouv’ @)
i=q

The gravity data surveyed at grid of 5000250 m for

this study is provided by Yanzhou Geology and Mineral where p and ¢ are eigenimage indexes of breakpoints.
Exploration Institute of Shandong province. The resolution The choices ofp and ¢ depend on the magnitudes of the
of surveyed data ist232x 10-2pums=2. The control  singular values themselves. One of the unique properties
area is 408k The densities of the exposed geological of singular geological processes is that their end products
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Fig. 2. The original gravity data image surveyed at scale 1:50 000. The legends for the gold deposits see in Fig. 1.

obey the power-law distribution. For example, grade- ** '
tonnage of mineral deposits, and number-size distribution -«
e!

of mineral deposits follow power-law distribution (Turcott
1997; Cheng, 2008; Hronsky and Groves, 2008). Here
will use the power-law distribution to determipeandq.

The main proposition supporting the non-linear theory Gue

and application of power-law models is that mineralizati
can result from some singular geological processes,
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that mineral deposits can regarded as the products of ' ()
some singular geological processes, and that these singular

geological processes may be characterized by power

-lavirig. 3. log-log plot of» — P with two break points, Itk ,) =17.13,

models (Cheng, 2007, 2009). The square of the singulat'(:¢) =1417.

values (i.e.A) corresponds to the spectral energy densities

of eigenimages (Li, 2005). Thus, the sum of energy (i.e. a

measurement of energy in spectral energy radius or scale) Because of the power law distribution, the curve in log-

whose squared singular values are larger tharcan be
written as follows (Li and Cheng, 2004):

EQMAzr)=) . (8)

k=1

And its relevant proportionK) is:

Plrz=r)=) du [ D b (9)
t=1

k=1

A andE (or P) may represent a fractal or multifractal (L
2005; Li and Cheng, 2004; Li and Liu, 2003).

E xA® (10)
or
POUA> M) oA, (11)

Nonlin. Processes Geophys., 18, 1039 2011

log plot of A — P can be separated into several segments
due to different slopes. And the break points areand
g (sometimes can be separated into more than 3 segments).
The reconstruction of some specific eigenimages may reflect
some specific geological processes, including ore-forming
processes.
With the multi-fractal SVD methodp andgq in Egs. (5),
(6), and (7) can be determined. The curve in log-log plot of
A — P of gravity signal in Tongshi gold field can be separated
into three segments according to the break points between
i, straightlines with different slopes (Fig. 3).The right segment
is made ofi; and A2, and the percentage of its energy is
about 90% of total energy. The reconstructed gravity image
with the sum of the 1st and 2nd eigenimages (Fig. 4) usually
reflects regional ore-controlling factors.The middle segment
is made of ranking fromi3 to Ag, and the percentage of
its energy is about 9% of total energy. The reconstructed
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Fig. 4. Reconstructed Image of the 1st and 2nd eigenimages. The legends for the gold deposits see in Fig. 1.
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Fig. 5. Reconstructed image from the 3rd to 8th eigenimages. The legends for the gold deposits see in Fig. 1.

gravity image with the sum from 3rd to 8th eigenimages Combined with Fig. 1, it has been shown by Fig. 4 that
(Fig. 5) usually reflects local ore-controlling factors. The the Tongshi complex and all gold deposits are distributed
left segment is made of ranking frorg to Azs,and the at the saddle valley (with gravity anomaly values varying
percentage of its energy is only about 1% of total energy.from —55 to 51 um 52) of the northwest trending concealed
The contents shown by this reconstructed gravity image withbasement (with gravity anomaly values varying from 52
the sum from 9rd to 35th eigenimages is generally uncertainto 567 ums?2) on the southwestern side of the Pingyi
It may reflect either minor ore-controlling factors or the volcanic sedimentary basin (with gravity anomaly values
“noise” from various errors. varying from —56 to 974 ums2). The saddle valley may
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be tectonically an extensional area where it is easy forEdited by: A. G. Hunt
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