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• The amount of erosion is an important parameter, which has been widely 
applied to the estimation of basin evolution, minerals and oil exploration.

• Due to the special location and the evolution history of the basin, the 
traditional method for erosion amount analysis is difficult to use.

• This study believes that stress history analysis can overcome the obstacles 
of traditional methods. By using stratigraphic comparison and 
reinterpretation of Ro results, we can constrain the experimental results.
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Study area

• The study area is located in the Taiyuan Basin 
in the southern Coastal Range, southeastern 
part of Taiwan.

• Because the exposed rock formations in the 
Madagida section are relatively complete, the 
research in the Taiyuan Basin is often used as 
the standard profile. This study also focused
on this profile.



Under the action of this thrust, the palaeo sedimentary basin formed a 
syncline structure and lifted to eroded with the Tuluanshan formation 
(Luzon Island Arc), and the amount of erosion was unknown.



(Wu, 2009)

• The rock is affected by the increasing effective confining 
pressure. When the confining pressure is greater than the 
maximum confining pressure received in history, it will enter 
the normal consolidation stage.

• Under the double logarithmic coordinate, the focus of the 
normal consolidation line and the over consolidation line will 
reflect the historical maximum confining pressure. Normal consolidation (NC)
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Experiment method



In order to reduce the material variability among samples, this study only samples in 
the Paliwan formation.

The sampling points are scattered as much as possible in the Paliwan formation.

Repainted from Chen, 2018

Sample collection



Q = Mono Quartz (Qm) + Poly Quartz (Qp)

F = All Feldspar (Fsp)

L =         Sandstone        +              Slate

+

+

The sample was made into optical thin sections, by calculate 
300 mineral points, we can doing QFL ratio analysis.

The results show that: except for M10, the QFL composition of 
each sample is very similar, and all samples are Litharenite.

Quartz arenite

Sub arkose Sub litharenite

M10

Applicability of samples



Knut, 2014 Hiatt, 2015

For stress history analysis, rocks can not be compacted by chemical compaction.

There are two views on the transformation between mechanical and chemical 
compaction, but the common point is the precipitation of quartz in the pores.



• By substituting Ro% data into Sweeney & Burham
(1989)'s model, Paleotemperature can be 
calculated and distributed in the range of 76 ~ 95oC, 
that is in the range of Knut(2014) mention about.

• From the observation of the thin stction, the 
particle contact relationship like Hiatt(2015) type B.

Number Depth (m) Temperature(oC)

A 2900 95.92

B 2125 89.23

C 1591 84.48

D 1909 82.01

E 993 76.86

A

E

B
D C

Applicability of samples

PPL PPL



Quartz precipitation will make the vision in PPL 
become completely white.

XPL will crystallize as polycrystalline in the pores, 
and show needle-like shape on the particle surface. 

Quartz matrix

PPL

PPL

XPL

XPL

Clay matrixCarbonate mud
matrix

Calcite matrix
Adams, 1984

Hiatt, 2015

Applicability of samples



M01 thin section

PPL XPL
※Observe matrix changes with PPL and XPL



PPL

Clay matrix

Carbonate mud
matrix

A.E. Adams, 1984
Eric, 2015

Calcite matrix

XPL

Quartz matrix

By observing the flakes of this study, we can find:

1) In PPL, light brown can be observe.

2) In XPL, vision become black, with bright yellow spots.

Based on the observations, we believe that the sample is  carbonated mud matrix, 

No signs of quartz precipitation.

Applicability of samples



(Lai, 2016)

• Lai (2016) established a thin tuff marker 
bed in the Taiyuan Basin, and established 
a stratigraphic correlation between the 
north and south of the basin.

• The deposition rate and location of the 
FLA profile are similar to MDJ profile, by 
comparing these two profiles, we can 
assume that the erosion amount of the 
MDJ profile is at least 562 meters.

Key bed

437m

125m

※Lower boundary = 687-125 = 562 (m)

406m

687m

Experiment design



• Chen (2018) calculated the erosion 
amount of MDGD profile using vitrinite 
reflectance (Ro%) method, and use two 
different organic matter :coalified 
woods and mudstone extracted matter.

• It uses the method from Tong (2005), 
where Ro% = 0.2 approximates the 
paleosurface temperature, and the 
slope of the regression line represents 
the paleo-thermal gradient.

Recent surface

Palaeo surface

2500 m

(Chen, 2018)

Reinterpret Ro%



• This study suggests that organic matter from 
mudstone is mixed with high- metamorphism 
materials from the Central Mountain Range and 
can’t accurately reflect the thermal history of the 
basin.

• Coalified woods can relatively reflect the thermal 
history of its source. If the heat source is locked into 
the geothermal gradient of the sedimentary basin, 
we will be able to select logical data.

• The study also found that the depth of the data is 
not quite correct  and will be revised.

Recent surface

Palaeo surface

2500 m

(Chen, 2018)

Reinterpret Ro%



• The figure on the right shows new 
results after the selection of the data 
and modify the formation depth.

• The results from this method are 
strongly influenced by the geothermal 
gradient, so the slope of the 
geothermal gradient will affect the 
reliability of this result.

Reinterpret Ro%

Recent surface

Palaeo surface

3600 m



• By substituting Ro% data into Sweeney & Burham (1989)'s 
model, the geothermal gradient can be calculated and the 
geothermal gradient in the MDGD is 10oC/km, the current 
geothermal gradient of Luzon arc 40oC (Chen, 2017), 
comparing these two can significantly found that the MDGD 
area is low a lot.

• Andrade et. al. (2016) pointed out that, high deposition rates 
will inhibit the thermal evolution of organic matter, resulting 
in an underestimation of geothermal gradients.

• According to Behrmann et. al. (2006), the deposition rate 
above 1 mm/yr will meet the condition that thermal 
evolution has been suppressed.

Reinterpret Ro%

Number Depth (m) Temperature(oC)

A 2900 95.92

B 2125 89.23

C 1591 84.48

D 1909 82.01

E 993 76.86

A

E

B
D C



• By paleontology comparison, the deposition rate can be calculated as  4.3 
mm/yr, so this study suggests that the geothermal gradient in the MDGD 
region is underestimated. The lower geothermal gradient will overestimate the 
amount of formation erosion, meaning that the 3600m result will be the upper 
limit.

• Based on stratigraphic comparison and the results of Ro%, this study believes 
that the results of erosion amount falling between 562~3600 m are reasonable.

Limiting experiment result



Depth (m) σpc (MPa) Erosion amount (m) 0.67γsand +0.33γshale (g/cm3)

M16 581 59.78 3295 1.5765

M01 1387 55.47 2210 1.5908

M13 1944 64.31 2226 1.5748

M11 2416 57.71 1326 1.5683

M10 2800 82.44 2545 1.5530

(𝐴𝐴𝐴𝐴𝐴𝐴(𝑟𝑟) ∗ 𝐴𝐴 ∗ 10−3 ∗ −1)−1= 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = −64.84

※Close to data point

• By field measurements, the ratio of sandstone and shale is 2:1.

• Through experiments, that the effective unit weight of shale is 1.6 g / cm3.

• With the above information, the effective stress change with depth can be calculated.

Study results



Distance from
regression line

2320

Erosion amount 
Data point

Recent surface

Regression line

• By moving the regression line 
to the data point, the 
intersection point with the y-
axis will be erosion amount.

• Through this step we can 
observe the discrete 
concentration of the data 
points.

• If we add the limitation factor 
into the chart, the final result 
can be discussed.

Study results



Upper boundary by Ro%

Lower boundary by
stratigraphic comparison

Key bed

437m406m

687m

125m

※Lower boundary = 687-125 = 562 (m)

Present surface

Data point

Regression line

(Lai, 2016)

Recent surface

Palaeo surface

3600 m

Study results



• Based on stratigraphic comparison and the results of Ro%, this 
study believes that the results of erosion amount falling 
between 562~3600 m are reasonable.

• Through historical stress analysis, most of the data points are 
located between 2210 ~ 2545 meters.

• Although the experimental data is not highly concentrated, but 
all within a reasonable range. The reasons for some fluctuate 
data become remain to be examined.

Conclusions



• Try to apply this model to the Loho Basin.
• Try to find the factors that cause the fluctuate data.

Future work

Thanks for your attention!
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