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PREDICATIONS OF OIL AND GAS POTENTIAL
BY FACTOR DIAGRAM METHOD AND REPROCESSING
- DIAGRAM DATA IN YAKELA STRUCTURAL AREA

Zeng Zhaode
Geochemical Prospecting Center, MGMR, Hefei, Anhui 230022 ,China -

ABSTRACT

Geochemical survey was made in Yakela structure area in 1987. 195 soil samples were taken
for measurement and 13 gaseous geochemical indicators were made for R-type factor analysis.
According to the characteristics of factor loading, the author divided the 13 indicators into 4
types and predicated 4 oil and gas potential zones with 12 high geochemical anomalies. Three
producing wells (Shacan-2, Sha-4 and Sha-7) are located within the two geochemical anoma-
lies. 10 prospective oil land have been predicated by this method. 8 anomalous zones from these

favorable areas have higher factor score than that from well Shacan-2 area. Note that there is a
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single and circular geochemical anomaly with the coverage about 6km’ at the well Shacan-2
area. This is not shown from other geochemical map in the same area, In order to comparing
‘the distribution character of the surface geochemical anomalies determined, the author repro-
cessed the diagram data in 1993 by computer mapping procedure and solved rationally the prob-
lem of the origin for several higher factor scores resulting in the correction of originakl geo-

chemical anomalous zones in the studied area.

INTRODUCTION

Yakala structure is situated in the north-eastern part of the Tarim Basin in Xinjiang
and middle part of Shaya uplift. It belongs to a high structual block between Aman oil-
bearing depression (in the south) and Kuche (in the north) oil-bearing depression. There
are 5 producing wells Shacan-2, Sha-4, Sha-5,Sha-6 and Sha-7. Well Shacan-2 is a com-
mercial oil well just to be located within the structural area. Producing formation from the
Ordovician has the depth of over 5000m.

Soil gas survey method is one of the most effective survey techniques in geochemical
prospecting for ﬁetroleum at home and abroad. There are three types of gases detected
(1>hydrocarbon gases, (2)nonhydrocarbon gases,and (3) rare gases. Single and combined
components from the same gas type or different gas types related to the oil and gas pools
are all regarded as geochemical indicator (direct or indirect) for finding petroleum. There-
fore, soil gas survey method is a multi-indicator technique in hydrocarbon prospecting.

In mathematical geology,factor analysis (R-type or Q-type) is a multivariate statis-
ties. It is an important tool for data classification of system or origin. The function of the
factor analysis is based on th relationship between original data. The complex and multiple
variates can be transformed into a few new independent variate-factor by mathematical
method. The new variares are used to indicate the factor playing a main role in observa-
tional data and finding their inner relationship. It is useful for expressing and interpreting
an essential phenomenon of geology. R-type factor analysis is to study the relationship bet-
wegp variates and Q-type factor analysis is to study the relationship between samples. The
character of R-type factor analysis is to express the relationship between P variates by m
factors. In general, the number of factor m is less than the number of variarte P. The
mathematical model of factor analysis is to express the variate (or sample) as linear combi-
nation of a common factor. We finally obtain a factor loading matrix and a varimax rota-
tion matrix. On the contrary, the common factor can be expressed a linear combination of
the variate (or sample) to calculate common factor score. In fact, factor score is a compre-
hensive indicator. It allows the information of common factor in original data to collect. If
the factor number is two and the variate of each sample is P, the {actor score (F1 and F2)
would be calculated by corresponding formula. A 2-dimensional map can be done by using

F1 and F2 for geochemical classification and geological interpretation.
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R-type factor analysis was conducted with 195 soil samples and 13 gas indicators in
Yakala structure. According to the factor‘loading character the geochemical anomalous
zones have been divided for predications of oil and gas potential in studied area. With the
geochemical data increasement and in order to further research the chatacteristics and dis-
tribution of geochemical anomalies, the author reprocessed the diagram data by computer
mapping procedure. It has rationally classified several anomalous sites of factor score and

leaded to correct the original geochemical anomalous zones.
EVALUATION OF GEOCHEMICAL INDICATOR

Following 13 soil gas indicators were sellected for R-type factor analysis in ofder to
forecast the oil potential of the area. They are: (1)methane (C1), (2)ethane (C2),(3)
propane (C3), (4)iso-butane (1C4), (5)n-butane (nC4), (6)n~péntane (nC5), (7)iso-
pentane (iC5), (8 heavy hydrocarbon (C2+4 ), (9)total hydrocarbon (Ct), (10)C1/C2+,
(11»iC4/nC4, (12)C3/nC4, (13)helium (He).

The main results of computer processing ifcludes; (1)correlation matrix, (2)factor
variance, (3)principal factor loading, (4)principal factor score, (5)factor loading of vari-
max rotation, (6)factor score of varimax rotation, (7)factor secore of oblique rotation,
(8)correlation matrix of oblique rotation factor, (9)structural matrix of oblique rotation
factor. v

The main characters of the part of above processing results are; -

1. The character of the correlation coefficient indicates that correlation coefficient of
methane (showing gas indicator) vs. heavy hydrocarbn (showing oil indicator) is 0. 5196,
but methane vs. total hydrocarbon is 0.9286. Large difference correlation coefficience
(about 1/2) of the two indicates that methane is important in the area. The correlation co-
efficience of C1, vs. C2, C4,C3,C5 are respectively 0. 5555, 0. 4904, 0. 4443 and 0. 4322.
It shows that with the inerease of carbon number of composition the correlation coeffi-
cience decrease. All above indicators present a positive correlation coefficience. The rare
gas He might be come from deep depth. Helium vs. iC4/nC4, C3/nC4,iC4 has positive
correlation coefficience ,0. 0530,0. 0399,0. 0033 respectively. It suggests -that He and iC4/
nC4 have more closely relationship than the other two.

_ 2. Sellection of principal component is necessary for reducing Variate number. The cri-
terion of sellection is to make the percentage of variance contribution in the former of m
principal components above the reach of 80%;. The characteristic value, percentage and ac-
cumulated percentage of the variance contribution from 13 geochemical indicators in
Yakela structure area were calculated. The data indicate that the accumulated variance
contribution in the first to third principal factors (F1—F3) is 86.84%,75.74% in the F1
and F2,59.84% in the F1. It represents the majority of information of gas indicators.

Thus,C1,C2 and C3 are important indicators for finding petroleum in studied area.
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3. The, factor loading is a correlation coefficient between variate (sample) and common
factor. It can be interpreted how much proportion of the principal factor occupies in vari-
ance. The character of factor loading of gas indicators in Yakela area are described. Ac-
cording to the factor loading character, the author divided the 13 indicators into 4 types.
The first type consists of C2,C3,nC4,iC4,nC5,iC5 and C2+,the second type of C1 and
Ct, the third type of iC4/nC4 and He, and the fourth type of C1/C2+, C3/nC4. In the
first factor axis(F,), it has the factor loading 0. 8~1.1, 0. 6~0.8, 0~0.03 and —0. 4~
—0. 1 respectively from the first type to the fourth type. In the second factor axis (F2), it
has the factor loading —0.1~0.2,0.8~0.9, —0.2~0 and 0. 2~0. 9 respectively from
the first type to the fourth type. Note that the second type of indicator has larger factor
loading in the F1 and F2 factor axis and the first type has larger factor loading in the F1
factor axis. The first and second type are the main indicator for finding oil and gas pools in
the area, then the third but the fourth type is according to their factor loading magnitude
(see Fig. 1).
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N

Fig.1 The factor Ibading of 13 gas indicators in Yakela survey area
F1. The first factor axiss F2,The second factor axis
1=methane;2=ethaney3=propane;4=i-butane;5=n-butane; 6 =n-pentane; 7=i-pentane; .
=heavery hydrocarbon;9=total hydrocarbon;10=methane/heavy hydrocarbons;11=1i-butane/n-hutane;

12=propane/n-butane ; 13=helium

DETERMINATION AND PREDICATION OF ANOMALOUS ZONES

Four anomalous zones were determined based on the character of the factor score and
the threshold 0.'5. Three producing wells Shacan-2, Sha-4 and Sha-7 are located within the
two geochemical anomalies. 10 prospective oil lands have been predicated by the methods.

8 anomalous zones from these {avorable areas have higher factor score than that from well
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Shacan-2 area. Note that there is a single and circular geochemical\anomaly with a cover-
age of 6km?® at the well Shacan-2 area, This is not shown from other geochemical map in
the same area.

The original 4 anomalous zones were determined by hand mapping. The first anoma-
lous zone is situated in well Shacan-2 area. The largest factor score is 1.17. The second
anomalous zone is situated in the southeast part of the area. Sha-4 and Sha-7 are within
the zone. Wells Sha-4 and Sha-7 have the factor scores 1. 17 and 1. 60 respectively. The
third anomalous zone is situated in the north part of the area. It consists of two anomalies.
The highest factor scores are 2. 55 (in the east) and 6. 39 (in the west). The well Sha-6 is
.in the middle part of the two anomalies. The fourth anomalous zone is situated in the west
part of the area and consists of four anomalies. the highest factor score is 2. 61. The well
Sha-5 is at the side of the north of the anomalous zone. According to the statistics, there
are 12 higher geochemical anomalous zones in Yakela if the threshold of the factor score is
1. Among them one is in the first anomalous zone, two in the second zone,five in the third

zone and four in the fourth zone (see Fig. 2),

Fig. 2 Geochemical anomaly map showing the factor scores of varimax rotation in Yakela survey area
(mapped by hand in 1988)
1=anomalous contour ; 2=contour of the threshold; 3=anomalous site}

4=number of the anomalous zone;5=well

The aim of this geochemical survey is to extend the area of oil-bearing structure and
search for new hydrocarbon potential. Above results indicate that producing wells Shacan-
2, Sha-7 and Sha-4 are within the range of two geochemical anomalies among four anoma-

lies to be predicated and suggests that the geochemical survey data are reliable. The new
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predictions of petroleum potential by this method might be prospective. It is shown that
the contour of the score 0.5 are widely distribution but only exists at the well Shacan-2
area in small trap. However,the contour of the score 1. 0 can make more anomaldus zones.
I.t is probable caused by apical effect over oil and gas pools in Qian Shan type. One must
pay attention to the anomalous zones at which the score contour are equal or more than
1. 0. The author proposes that the geochemical anomalies should be proven by drilling in
conjuction with research of geological and geophysical data. Geochemical tesults might be

effective because of less pollution in the desert region of the Tarim Basin.
RESULTS OF REPROCESSING DIAGRAM DATA

With the increase of geological data, the author teprocessed the diagram data in 1993
by computer mapping procedure in order to further study and compare the relationship be-
tween the distribution characteristic of surface geochemical anomaly and subsurface geolo-
gy. It has shown the following results: (1)verify well Shacan-2 area to be a separated geo-
chemical anomaly, (2)divide reasonably some geochemical anomalies, for example, wells
Sha-4 and Sha-7 areas belong to two neighbouring anomalous zones respectively, and (32
reveal the key sites to play an important role in correcting and interpreting anomaly and
provide a new reliable basis for oil and gas prospecting and predicating in Yakela structure
area. For example, the original anomalous zones (the second and third) are merged to-
gether to form rationally the second anomalous zone known as the northeast anomalous
zone by correcting several anomalous sites in the sur:rey lines Y-19 and Y-21. It changes

the original anomlous zones from 4 to 3 (see Fig: 3).

RECOGNIZATION AND DISCUSSION

Some recongnization and discussion are made through studying the data of factor dia- .
gram analysis in Yakela structure area.

1. The geochemical data indicate that surface geochemical anomalies are related closely
with deep hydrocarbon accurnulations. Three anomalous zones determined by factor analy-
sis include producing wells Shacan-2, Sha-4, Sha-5 and Sha-7. It is proven that the Yakela
structure is a target for otl and gas prospecting. It is expected that more and better results
could achieve at the third anomalous zone (I ) southwest of the well Sha-5 and the anoma-
lous zone west ahd east of the well Sha-6 if drilling in these favorable areas. It is an impor-
tant oil and gas discovery for well Shacan-2 from Paleozoic formation: In addition, the
wells Sha-7, Sha-4 and Sha-5 have provided an information that a good prospect of
petroleum perhaps occurs in Mesozoic time. One must therefore pay attention to searching
for hydrocarbon accumulations from Mesozoic and Cenozoic time in favorable places (west

and east slope) of Paleozoic in conjuction with the distribution charactets of geochemical
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Fig. 3 Geochemical anomaly map showing the factor scores of varimax rotation in ‘Yakela survey area
(mapped by computer in 1993)
+ . .1=contour of the threshold;2=anomalous contour; 3==anomalous site;

4=number of the anomalous zones 5=well
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2, The charactertstms of factor loading diagram show that 01l is the main production
when 011 and gas coexist and natural gas can exist as separated reservoir.

‘ 3. Helxum is. the characterlstlc of deep source information and related to 1C4/nC4, It
V can become deposxt alone in favorable geological conditions.

4. The geochemical anomalous zones divided by factor dlagram method are more effec-
tive for evaluating pros?ective-oiland gas potential. They also i'ndicate that the separated
geochemical anomaly is sometimes important for evaluating a favorable region. The geo-
chemical anomaly in well Shacan-2 area is an example.

Because different geochemical time and different type of oil or gas pools repeat in the
same vertical stratum column, it has probable influence on the formation and -apparent
character of the surface geochemical anomalies. The problem has to be solved in the fur-

ther combined studies.
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