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Abstract: We analyze the excess area and depth to detachment method developed by Epard and 
Groshong (1993), and apply it to the sand box model of Ge et al (2004) to illustrate that inadequate 
consideration will affect the calculation of true depth to detachment. Using the data of Yu et al (2006) 
to fit linear regression lines, we obtain the depths to detachment of Kela-2, Misikantage anticline and 
Dongqiu-8 structures, 115.74km, 14.17km, and 75.48km below the reference level (Cretaceous bottom) 
respectively with the excess area intercept equal to zero. However, the calculation results of depth to 
detachment in Yu et al (2006) are based on excess area intercept unequal to zero.
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1 Introduction
Yu et al (2006) used the excess area method (Epard and 

Groshong, 1993) to calculate the depth to detachment in the 
Kuqa Depression, Tarim Basin, China. They took the Kela-2, 
Misikantage anticline, and Dongqiu-8 structures as instances 
to calculate the true depth to detachment with Cretaceous 
bottom as the reference level. Their result showed that the 
true detachment level of Kela-2 structure is 5.3 km below the 
reference level, that of the Misikantage anticline is 0.25 km 
above the reference level, and that of the Dongqiu-8 structure 
is 3.2 km deeper than the reference level (Fig. 5 in Yu et al 
(2006)).

We agree with Yu et al (2006) in that “use of the excess 
area diagram makes it possible to predict the detachment level 
which cannot be discerned in seismic profiles and provides 
reference information for the interpretation of structural styles 
and design of balanced cross sections, etc”. However, we 
would like to discuss some drawbacks that arise from their 
misinterpretation of Fig. 5 in Yu et al (2006). 

2 The Epard and Groshong method 
Epard and Groshong (1993) presented a linear graph 

method for using the excess area in a fold to determine 
the depth to detachment. They used the excess areas of 
multiple horizons to overcome the problems that arise from 
the Chamberlin method on a single horizon, in which the 
following five assumptions are typically made (Epard and 
Groshong, 1993; Chamberlin, 1910).

(1) It is assumed that no material enters or leaves the ends 
of the cross section. For example, displacement will occur 

on the upper detachment of a fault bend fold (Suppe, 1983; 
Fig. 6 in Mitra and Namson, 1989), and layer-parallel shear 
will also make an originally vertical pin line become tilted or 
curved (Fig. 10-19 in Mitra and Namson, 1989).

(2) The bed length is assumed to be constant.
(3) The area is assumed to be constant, neither gained 

(such as by extension fracturing) nor lost (such as by pressure 
solution). 

(4) The original regional elevation of a horizon is assumed 
to be known, because it may be shifted vertically from its 
original level by deformation (Homza and Wallace, 1995; 
1997; Bulnes and Poblet, 1998; Wallace and Homza, 1998; 
Wilkerson et al, 2007).

(5) The reference horizon and the lower detachment are 
assumed to be parallel.

If any one of these assumptions is not satisfi ed, the excess 
area calculation is not valid. 

Considering these limitations in using the Chamberlin 
method, Epard and Groshong (1993) developed the excess 
area method, which uses the excess areas of multiple horizons 
to overcome the problems that arise from the conventional 
method for a single horizon. The Epard and Groshong method 
does not need to measure the bed length, so it eliminates most 
of the associated assumptions and problems. 

We used modified Fig. 1 based on Epard and Groshong 
(1993) to illustrate the real meaning of this method. There 
are two variables to be measured: excess area above original 
level (S) and thickness between reference level and original 
level (h) (Fig. 1(a) and (c)). 

In the case that reference level is the true detachment and 
constant area is assumed (Fig. 1(a)), the excess area is

S=Dh                                                                               (1)
where the slope (D) of the line through the data points 
represents the displacement of the anticline. At this time, the 
line goes through the origin (Fig. 1(b)); that is, the line goes 
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4 Application to Yu et al (2006) example
We used the data in Table 1 of Yu et al (2006) to fi t linear 

regression lines (Fig. 4).
The equation for Kela-2 is S=0.1452h+16.806, with 

a correlation coefficient of 0.3733 (Fig. 4(a)). Firstly, the 
correlation coefficient of these data is not satisfactory. 
Secondly, the line intersects the h  axis at S=0, h e=
–115.74km. Therefore, if without regard to other factors 
such as step fault, the true detachment level should be 
115.74km below the reference level (Cretaceous bottom), 
which is impossible in Kela-2 area. Whereas, the 5.3km 
below the reference level of Yu et al (2006) is based on 
the line intersecting the h axis at S′=16km2; that is, he′=
(16-16.806)/0.1452= –5.3km.

 Analogously, the equation for the Misikantage anticline 
is S=1.0392h+14.735, with a correlation coefficient of 
0.9838 (Fig. 4(b)). As a result, the true detachment should be 
14.17km below the reference level if without regard to other 
factors such as lateral movement of salt, while the 0.25km 
above the reference level of Yu et al (2006) is based on the 
line intersecting the h axis at S′=15km2. 

The equation for the Dongqiu-8 structure anticline is 
S=0.1714h+12.938, with a correlation coefficient of 0.9772 
(Fig. 4(c)). As a result, the true detachment is 75.48km below 
the reference level if without regard to other factors, whereas 
the 3.2km below the reference level of Yu et al (2006) is 
based on the line intersecting the h axis at S′=12.5km2. 

In conclusion, we think Yu et al (2006) may have 
misinterpreted the real meaning of their Fig. 5.
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Fig. 4 Redrawn excess area of  Fig. 5 in Yu et al (2006)
(a) Kela-2; (b) Misikantage anticline; (c) Dongqiu-8 structure
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