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Abstract 

Geological carbon storage is widely used to reduce CO2 emissions to the atmosphere. Cenozoic rock strata up to 8 km 
in thickness, consisting of thick sandstone and shale layers in central Taiwan and offshore areas, where major emitting 
sources are located, are investigated for their carbon storage potential. Four carbon storage systems are characterized 
in the aspects including the spatial distribution of lithologies, formation thicknesses, depths, permeability, and poros‑
ity of the reservoirs, using data from 22 boreholes and a few seismic sections. Three sites, the Taichung Power Plant 
(TPP), Changhua Coastal Industrial Park (CCIP), and Mailiao Taisu Industrial Park (MTIP), are selected for detailed site 
characterization. The storage systems, each composed of a caprock and reservoir pair, are (1) R1 system of the lower 
Cholan Formation (Fm); (2) R2 system from the Chinshui Shale (Sh), Kueichulin Fm, to Nanchuang Fm, and Kuany‑
inshan Sandstone (Ss); (3) R3 system from the Talu Sh to Peiliao Fm and Shihti Fm; and (4) R4 system from the Piling 
Sh to Mushan Fm and Wuchishan Fm. The four systems above show spatial depth variations and lateral changes 
in the lithofacies of caprocks and reservoirs, leading to different storage systems from site to site. Our results indicate 
that central Taiwan and offshore areas are ideal for the geological sequestration of CO2 and that their capacity to host 
CO2 requires further investigation.

Highlights 

•	 Four carbon storage systems in central Taiwan and its offshore area are identified.
•	 Measured reservoir porosity and permeability values from borehole cores are presented.
•	 Storage potentials are discussed in detail at three coastal sites near major CO2 emission sources.
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1  Introduction
Carbon capture and storage (CCS) is widely used to 
mitigate atmospheric CO2 emissions in the atmosphere 
(Anwar et al. 2018). The proposal of ‘Net Zero Emission 
by 2050’ under the Paris Agreement was adopted by 196 
Parties at COP 21 in Paris on 12 December 2015 and 
entered into force on 4 November 2016 (Savaresi 2016). 
To achieve ‘Net Zero Emission by 2050’, the Taiwanese 
government intends to deploy CCS technology widely 
to reduce CO2 emissions, with a goal of reducing 40.2 
Mt of CO2 annually by 2050 (NDC 2022). Therefore, an 
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assessment of carbon storage capacity and stratigraphic 
storage systems is essential for future CCS deployment in 
Taiwan.

In central–western Taiwan, the need for prompt inves-
tigations is pressing due to the prevalent infrastructure of 
large power plants and industrial parks that produce sig-
nificant CO2 emissions in the area. In this study, we used 
borehole data from 21 hydrocarbon exploration wells 
(Lin 2001; Lin et al. 2003, 2016; Lin et al. 2021a, b) and an 
additional borehole, TPCS-M1 (M1), to identify carbon 
storage systems and thier spatial variations in formation 
depth, thickness, and lithology in the study area. The cri-
teria proposed by Chadwick et al. (2008) and Bachu et al. 
(2009) were adopted, including fundamental rock pair of 
reservoir and seal, minimum burial depth (> 800 m), layer 
thickness (≧10–20  m), porosity (≧10%), and permeabil-
ity (≧20 mD). The carbon storage systems are specifically 
evaluated at three sites with massive emissions of great 
concern: the Taichung Power Plant (TPP), Changhua 

Coastal Industrial Park (CCIP), and Mailiao Taisu Indus-
trial Park (MTIP).

2 � Geological setting and stratigraphy
The study area (Fig. 1), central Taiwan, and the offshore 
area lie in the central-southern Taihsi Basin (TB). The TB 
is an early Paleogene rift basin overlain by Oligocene–
Miocene post-breakup sediments and the overlying late 
Miocene-Recent foreland-basin succession (Lin et  al. 
2003). The passive-margin successions deepen toward the 
east because of the flexure of the Taiwan mountain belt 
(Lin and Watts 2002) in addition to the thermal cooling 
and deepening toward the distal margin in the east dur-
ing the Oligocene to late Miocene. The TB is bounded to 
the north by the Kuanyin Platform and the Penghu Plat-
form (PHP) to the south. Peikang High (PKH) is located 
at the eastern edge of the PHP. Cenozoic sediments up to 
8 km thick, consisting of thick sandstone and shale lay-
ers, in the TB provide multiple carbon storage systems. 

Fig. 1  a Topographic and bathymetric features in Taiwan with color-coded contour depth map (in km) showing the top of the Mesozoic basement 
(Mesozoic basement from Lin et al 2003) and major geo-tectonic units in the Taiwan island. The thick, barbed black line indicates the frontal 
compressive structure. b Geological map in western-central Taiwan (Central Geological Survey 1986) and bathymetry in the eastern Taiwan Strait. 
Locations and names of studied boreholes (green dots), borehole correlation panels (red lines), three sites (TPP, CCIP, MTIP sites marked in green 
rectangles), Taichung Power Plant (blue dots), and Tsaohuchi section (black line with circle no.3) for detailed discussion are also shown. Acronyms 
for the tectonic unit (Lin et al. 2003) are KYP Kuanyin Platform, NJB Nanjihtao Basin, PHB Penghu Basin, PHP Penghu Platform, PKH Peikang High (Hu 
et al. 1997), TNB Tainan Basin, and TB Taihsi Basin
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Depending on the geological units, central Taiwan is 
divided into the western foothills of the Taiwan mountain 
belt, the coastal plain, and the eastern Taiwan Strait. The 
western foothills comprise a series of active thrust-and-
fold belts, with the Changhua fault and a related anticline 
(Pakua anticline) as frontal compressive structures. The 
coastal plain and the eastern Taiwan Strait pertain to the 
foreland basin (Lin and Watts 2002; Lin et al. 2003), with 
formations dipping gently toward western foothills.

The study area has experienced basin develop-
ments from the Paleocene–Eocene syn-rift episode 
(~ 58–37  Ma), the post-breakup episode (~ 30–6.5  Ma), 
and the foreland and orogenic belt episode (6.5  Ma to 
present; Lin et al. 2003; Teng and Lin 2004). The depos-
its that accumulated during the post-breakup episode 
(approximately 30–6.5  Ma) in the passive continental 
margin are, in ascending order, Wuchishan Fm, Mushan 
Fm, Piling Sh, Shiti Fm, Peiliao Fm, Talu Shale (Sh), 
Kuanyinshan Sandstone (Ss), and Nanchuang Fm (Fig. 2). 
The stratigraphy description of the Wuchishan Fm to the 
Nanchuang Fm is shown in Figs. 3 and 4. Formations in 
the foreland basin (6.5 Ma to present) include, from bot-
tom to top, the Kueichulin Fm, Chinshui Sh, Cholan Fm, 
and Toukoshan Fm (Fig. 2). The stratigraphy description 
of the Kueichulin Fm to the Toukoshan Fm is shown in 
Fig. 5.

The Paleogene sediments are not considered good 
CO2 storage systems for the following reasons: (1) Their 
depth is mostly over 3500  m and thus limited storage 
potential. The porosity and permeability of the Paleogene 
sediments are also poor (Lin et al. 2003). (2) Even if the 
Paleogene sediments are located within suitable depth 
ranges, existing boreholes (e.g. E, G, H, I, K, L, N, O, P, 
and Q) indicated that the Paleogene sediments are com-
posed mostly of shale and tuff with thin sandstone beds 
(Chan et al. 1978; Chang et al. 1978; Ye et al. 1993).

3 � Data and carbon storage system
3.1 � Borehole data and seismic profile
We collected 22 well data down to 1300 to 5200 in depth, 
from nine onshore boreholes and thirteen offshore ones. 
Twenty-one of them are hydrocarbon exploration wells 
drilled by the CPC Corporation, Taiwan, and have been 
reported by Lin (2001), Lin et al. (2003), Yu et al. (2013), 
Lin et  al. (2016), and Lin et  al. (2021a; b). The M1 well 
is drilled by the Taiwan Power Company at the CCIP for 
carbon storage. Some CPC borehole data can be found in 
the project report of Lin et al. (2016), which is a joint pro-
ject between the Ministry of Science and Technology, the 
CPC Corporation, and the Taiwan Power Company. The 
drilled depths of the studied boreholes are in the range 
of 1300–5200  m. The studied 22 boreholes are evenly 
distributed in the study area with good spatial coverage, 

which is therefore considered sufficient for characteriz-
ing the carbon storage systems in central Taiwan.

The 18 boreholes had collected logs of the spontaneous 
potential (SP), gamma ray (GR), sonic log (DT), and resis-
tivity (including ILD and RLA). The logs, together with 
the description of well cuttings, were used to determine 
the lithology and formation depths and therefore, the 

Fig. 2  Stratigraphy and proposed carbon storage systems in central 
Taiwan. Eleven formations are divided into four storage systems: R1, 
R2, R3, and R4. R1 system: Lower Cholan Fm; R2 system: Chinshui 
Sh, Kueichulin Fm, Nanchuang Fm, and Kuanyinshan Ss. Nanchuang 
Fm is further divided into Sanfuchi Ss and Tunkeng Fm; R3 system: 
Talu Sh, Peiliao Fm, and Shiti Fm; R4 system: Piling Sh, Mushan Fm, 
and Wuchishan Fm. The formations in storage systems are further 
divided as cap rock (labeled as C), reservoir rocks (R), and interbedded 
sandstones and shale (In)
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carbon storage system. The spatial distribution of each 
carbon storage system is shown in six borehole correla-
tion panels (Fig. 1).

We also collected porosity and permeability data from 
previous studies, where the values were measured from 
core samples from nine boreholes. The data sources are 
listed below. The porosity and permeability data from the 
M1 well were previously reported in Sinotech Engineer-
ing Consultants, Inc. (2014), Yang (2015), and Lin (2018). 
The porosity and permeability values of R2 systems were 
reported in Hsu et  al., (1969), Yang et  al. (1969), and 
Yang et al. (1971); R3 system, in Yang et al. (1971), Chan 
et  al. (1974), and Hsieh et  al. (1974); and R4 system, in 
Hsieh, (1962), Hsu et al. (1969), Yang et al. (1969), Chan 

et al. (1978), and Wu et al. (1991). The porosity and per-
meability values for M1 well as reported by Yang (2015) 
and Lin (2018), were measured under various effective 
confining pressures, and they also employed a stress his-
tory-dependent model (Wu and Dong 2012) to estimate 
the porosity and permeability values under atmospheric 
pressure. The porosity and permeability values from M1 
well as reported by Sinotech Engineering Consultants, 
Inc. (2014), and other boreholes were measured under 
atmospheric pressure.

We correlated the formation boundaries from the 
boreholes to five offshore seismic profiles to show the 
spatial variations in the studied formations. The loca-
tions of these five seismic sections are shown in Fig.  1. 

Fig. 3  Description of stratigraphy for the Wuchishan Fm, Mushan Fm, Piling Sh, and Shiti Fm. Logs of borehole I is used to demonstrate example 
vertical lithologic variations
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The seismic profiles were collected by onboard research 
vessels by the research projects of Hsu et al. (2013) and 
Lin et al. (2014) for MCS928 and MCS1033 seismic lines, 
respectively.

3.2 � Carbon storage systems
An ideal carbon storage system should consist of cou-
pled high-capacity reservoir rock and impermeable seal 
rock (Chadwick et al. 2008; Bachu et al. 2009) at depths 
greater than 800  m, where the injected CO2 maintains 
a supercritical phase (Sasaki et  al. 2008; Brantley et  al. 
2015; Ma and He 2017). The lower depth limit of the 
injected CO2 depends on the CO2 injectivity (i.e., rock 

porosity and permeability) and compression energy con-
sumption during injection, which is a function of the 
formation pressure. Lin (2008) estimated that a 3000  m 
depth corresponds to the maximum CO2 trapping capac-
ity in terms of residual gas and solubility trapping and 
a 1300  m depth represents the maximum net financial 
income. The amount of CO2 produced due to the con-
sumption of energy for CO2 storage per unit mass is 
around 15% of stored CO2, even when the CO2 is injected 
at a depth of 7000 m (Lin 2008). According to Lin et al. 
(2003), porosity is less than 10% in the Cenozoic deposits 
below 3500 m in depth in Taiwan, which marks the maxi-
mum efficient depth in this study. The minimum efficient 

Fig. 4  Description of stratigraphy for the Peiliao Fm, Talu Sh, Kuanyinshan Ss, and the Nanchuang Fm. Logs of boreholes B and I are used 
to demonstrate example vertical lithologic variations
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depth is set at 800 m, because CO2 is unstable and out of 
a dense supercritical phase due to the rock temperature 
and pressure (Span et al. 1996; Ma and He 2017).

The regional shale layer is defined as the top of the car-
bon storage system. In central Taiwan, the rock forma-
tions of the Chinshui Sh, Talu Sh, and Piling Sh are thick 
shaly formations (> 100 m thick). Below the top shale of 
the storage system, various thick sandstone layers are 
present, which may serve as good CO2 reservoirs. We 
assigned Chinshui Sh, Talu Sh, and Piling Sh as the top 
seals for carbon storage systems R2, R3, and R4, respec-
tively. The R1 system is different from the other storage 
systems because it lacks a thick regional top shale layer. 

The lower part of the Cholan Fm consists of thick sand-
stone and shale beds of offshore to shoreface facies, with 
a thickness of approximately 1250  m. In contrast, the 
upper part consists of thickly bedded shoreface sand-
stones without thick shale beds and has a thickness of 
about 550 m. The boundary between the lower and upper 
Cholan Fm is the top of the topmost thick shale. There-
fore, we defined the multiple interbedded shale layers 
as seals and the interbedded thick sandstones as reser-
voirs. The R1 system comprises multiple sub-storage 
systems. Depending on the aforementioned criteria, we 
divided the formations of the TB (Lin et al. 2003, TB in 
Fig.  1) into four carbon storage systems, including 11 

Fig. 5  Description of stratigraphy for the Kueichulin Fm, Chinshui Sh, Cholan Fm, and the Toukoshan Fm. Logs of borehole B and the stratigraphic 
column of the Tsaohuchi outcrop section (Chen et al. 2001) are used to demonstrate example vertical lithologic variations



Page 7 of 22Syu et al. Terrestrial, Atmospheric and Oceanic Sciences           (2025) 36:22 	

formations, from top to bottom as follows (Figs. 2 and 6): 
(1) R1 system is the lower Cholan Fm; (2) R2 system is 
from the Chinshui Sh, Kueichulin Fm to Nanchuang Fm, 
and Kuanyinshan Ss; (3) R3 system is from the Talu Sh to 
Peiliao Fm and Shiti Fm; and (4) R4 system is from the 
Piling Sh to Mushan Fm and Wuchishan Fm. The caprock 
and reservoir of all the systems are shown in Fig. 2. We 
have divided the gross lithology in detail using well logs; 
therefore, the reservoirs are subdivided into several sub-
storage systems. Figure 6 shows the four storage systems 
from the representative boreholes and outcrops. The R1 
system is shown in the Tsaohuchi outcrop section (Chen 
et  al. 2001), and systems R2, R3, and R4 are shown in 
boreholes B, O, and I, respectively.

4 � Spatial distribution of carbon storage systems
Herein, we use six borehole correlation panels to demon-
strate the spatial distribution of carbon storage systems 
in the study area (Table 1). The Line-1 and Line-2 corre-
lation panels are offshore and run roughly parallel to the 
coastline, respectively (Figs. 7 and 8). The horizontal dis-
tance is scaled with the exact borehole locations shown 
in the panel, except for boreholes N, H, and L. They are 
adjacent to boreholes P and K, and the three dashed 
arrows on Line-1 show their exact location. Solid arrows 
along the correlation panels indicate the projected loca-
tions and distances of the centers of the potential carbon 
storage sites (TPP, CCIP, and MTIP). Lines 3–6 are ori-
ented roughly east-to-west (Figs.  9, 10, 11 and 12) and 
arranged from north to south, showing the stratigraphic 
correlations of three to four boreholes, respectively.

4.1 � R1 system
The R1 system is the lower Cholan Fm of the early Pleis-
tocene. The Tsaohuchi outcrop section exemplifies this 
system (Fig. 6), and Chen et al. (2001) describe the lithol-
ogy, with its location shown in Fig. 1. The upper Cholan 
Fm and Toukoshan Fm are unsuitable for carbon stor-
age because they do not contain thick shale to seal the 
stored CO2. The upper section of R1 consists mainly of 
several layers of sandstone and shale, each of which is 
over 40  m thick. The lower section comprises multiple 
layers of sandstone and mudstone, with individual bed 
thicknesses that can reach up to 50 m. Bachu et al. (2009) 
propose that several layers of shale, each several tens of 
meters thick, may serve as efficient seal rock. Therefore, 
we defined thick sandstone beds as reservoirs and multi-
ple thick shale layers as caprocks in the R1 system. How-
ever, the lower Cholan Fm grades into sandy deposits in 
the west (e.g., Figs. 9, 10, 11 and 12), where the intrafor-
mational sealing capacity decreases. Approximately six 
groups of substorage systems are present in the Tsao-
huchi outcrop section (Fig.  6). We also have correlated 

the stratigraphic column of the Tsaohuchi outcrop sec-
tion (Chen et al. 2001) with nearby boreholes, as shown 
in Line-4 (Fig. 10), to visualize the lateral lithological var-
iations of the R1 system.

Overall, the top and basal depths of the R1 system 
range from 485 to 2935 m (top) and from 485 to 3690 m 
(base). The R1 system is the thickest and deepest in the 
NE, becoming the thinnest and shallowest toward the 
southwest. R1 system becomes sandy to the south and 
west. Therefore, the R1 system is a good carbon storage 
system in the NE and poor in the west and south of the 
study area regarding depth distribution and seal/reser-
voir-rock pairs.

For the north-to-south correlation panels, as shown in 
Line-1 and Line-2 (Figs.  7 and 8), the R1 system is fur-
ther divided into 4–5 subsystems with 10–40 m thick seal 
rocks and 10–80  m thick reservoirs. This system thins 
toward the south and disappears in borehole N (Fig. 7). 
South of the K and O wells (Figs.  7 and 8), part of the 
R1 system is shallower than 800 m. For the west-to-east 
correlation panels, as shown in Lines 3–6 (Figs. 9, 10, 11 
and 12), the R1 system consisted of 2–6 subsystems with 
10–150 m thick reservoirs and 10–70 m thick caprocks. 
Part of the R1 system is shallower than 800  m; it thins 
toward the west and disappears in boreholes E, G, and P 
(Figs. 10, 11 and 12).

4.2 � R2 system
The R2 reservoirs comprise thick sandstone beds of the 
Kueichulin Fm, Nanchuang Fm, and Kuanyinshan Ss, 
with the Chinshui Sh serving as the regional caprock. 
Borehole B (Fig.  6) represents the vertical lithological 
variations in the R2 system in the offshore central TB 
(Fig. 1). The R2 system dates from the middle Miocene to 
the Pliocene (Fig. 2).

Overall, the R2 system features sandstone beds up 
to 600  m thick and caprock shale approximately 120  m 
thick, as illustrated in borehole B (Fig.  6). In this study, 
Chinshui Sh is approximately 120 m thick and has been 
informally divided into three units (Fig. 6). The upper and 
lower units are shale tens of meters thick. The middle 
unit comprises interbedded sandstone and shale beds.

The top reservoir comprises a sandstone layer from the 
Kueichulin Formation. In central Taiwan, the Kueichu-
lin Formation is divided into three stratigraphic units, 
listed in ascending order: Kuantaoshan Ss, Shihliufen Sh, 
and Yutengping Ss (Hsieh et al. 2013, Fig. 6). The Kuan-
taoshan Ss comprises 40 m of thick sandstone. The Shi-
hliufen Sh is a shale formation roughly 45 m thick. The 
Yutengping Ss comprises sandstones interspersed with a 
thin layer of shale (Fig. 6).

In central Taiwan, the Nanchuang Formation is 
split into the upper Sanfuchi Sandstone and the lower 
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Fig. 6  Representative carbon storage systems with stratigraphic columns and well logs. The acronyms for well logs are DT: sonic log GR: gamma-ray 
log, ILD: induction resistivity log, and SP: spontaneous potential log. The R1 system is represented by the lower Cholan Formation exposed 
along the Tsaohu River (Tsaohuchi section), as reported in Chen et al. (2001). The R2, R3, and R4 systems are represented by the B, O, and I boreholes 
(see Fig. 1 for locations), respectively
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Table 1  Depths, caprock thickness, and reservoir-rock thickness for systems from R1 to R4 along 6 borehole correlation panels (Line-1 
to Line-6, see Fig. 1 for locations)

C Caprocks, R Reservoir rocks

Line-1 Line-2 Line-3 Line-4 Line-5 Line-6

Depth 485 – 1700 m 695 – 2415 m 830 – 2880 m 580 – 3500 m 490 – 3690 m 550 – 2480 m

R1 C. Thickness 10 – 20 m (4 – 5 
layers)

10 – 40 m (3 – 6 
layers)

10 – 50 m (3 – 6 
layers)

10 – 70 m (5 layers) 10 – 70 m (5 layers) 10 – 60 m (2 – 4 layers)

R1 R. Thickness 10 – 30 m 10 – 80 m 15 – 80 m 10 – 105 m 10 – 150 m 10 – 100 m

Depth 370 – 2545 m 760 ~ 3465 m 1000 – 4035 m 170 – 3960 m 450 – 4000 m 370 – 2685 m

R2 C. Thickness 0 – 120 m 0 – 140 m 120 – 360 m 0 – 160 m 0 – 155 m 0 – 60 m

R2 R. Thickness 100 – 720 m 50 – 910 m 720 – 910 m 295 – 405 m 155 – 420 m 40 – 100 m

Depth 470 – 3680 m 795 – > 4000 m 2005 – > 4500 m 470 – 4520 m 875 – 4360 m 470 – 2940 m

R3 C. Thickness 95 – 560 m 75 – > 240 m 285 – 560 m 140 – 195 m 125 – 185 m 45 – 105 m

R3 R. Thickness 200 – 580 m 235 – > 345 m 495 – 580 m 380 – 395 m 195 – 405 m 205 – 230 m

Depth 785 ~ > 4000 m 1115 – > 4000 m 2995 – > 4000 m 995 – 5125 m 1325 – 4180 m 785 – 3055 m

R4 C. Thickness 70 – > 145 m 105 – > 120 m  ~ 130 m 130 – 210 m 110 – 135 m 70 – 105 m

R4 R. Thickness 70 – > 605 m 0 – > 365 m  ~ 710 m 140 – 395 m 365 – 605 m 25 – 75 m

Fig. 7  Borehole stratigraphic correlation panel, Line-1, along the offshore NE-SW direction (see Fig. 1 for locations). Projected locations of studied 
sites (TPP, CCIP, MTIP) are also marked. Apparent formation dip angles along this profile and in-between boreholes are also labeled on the top. The 
Peikang High is PKH in Fig. 1
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Tunkeng Formation (Figs.  2 and 6). The Sanfuchi Ss is 
approximately 90 m thick and consists of several meters 
of thick sandstone and a few thin shale layers. The 
Tunkeng Fm is approximately 170 m thick and comprises 
thickly bedded sandstone interspersed with shale beds 
(Fig. 6).

The bottom reservoir of the R2 system is the Kuanyin-
shan Ss, which is approximately 270 m thick (Fig. 6). The 
middle of the Kuanyinshan Ss has a thick shale of approx-
imately 20 m, further dividing this stratigraphic unit into 
lower and upper sections. These sections primarily com-
prise thick sandstone beds.

According to the correlation panels, the R2 system in 
the NE area is suitable for CO2 storage. However, in the 
south and west, it is too shallow and lacks a caprock, 
resulting in poor containment conditions. Regarding the 
north-to-south correlation panels illustrated in Line-1 
and Line-2 (Figs. 7 and 8), the R2 system’s top and basal 
depths vary from 370 to 2415  m (top) and from 470 to 
3465  m (base), respectively. The regional seal, Chinshui 
Sh, is thick in the north at boreholes B and C (120–140 m 

thick), gradually thins toward the south, and disappears 
at boreholes H and O (Figs. 7 and 8). This indicates that 
the regional caprock for the R2 system is absent in the 
south of the study area. Underneath the Chinshui Sh 
caprock, the thickness of the remaining R2 reservoirs 
varies from 50 to 910  m (i.e., the cumulative thickness 
of the Kuichulin Fm, Nanchuang Fm, and Kuanyinshan 
Ss). The Kueichulin Fm and Kuanyinshan Ss include two 
thick and extensive shale layers that may serve as intra-
formational seals, similar to the concept proposed by 
Daniel and Kaldi (2008). The upper intraformational seal, 
located in the middle of the Kuichulin Fm (specifically, 
the Shihliufen Shale), can reach up to 40 m thick. How-
ever, it tapers off to the south and is absent in boreholes 
L and O (Figs. 7 and 8). The lower intraformational seal 
in the middle of the Kuanyinshan Ss is approximately 
20 m thick. It is more widespread than the upper intra-
formational seal and appears in every borehole indicated 
in Line-1 (Fig. 7).

The west-to-east correlation panels (Figs. 9, 10, 11 and 
12) show the R2 system features caprocks up to 360  m 

Fig. 8  Borehole stratigraphic correlation panel, Line-2, along the onshore NE-SW direction (see Fig. 1 for locations). Projected locations of studied 
sites (TPP, MTIP) are also marked, and the M1 well is in the middle of the CCIP site. Apparent formation dip angles along this profile and in-between 
boreholes are also labeled on the top. Acronyms for well logs are RLA: high-resolution array induction log. The Peikang High is PKH in Fig. 1
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thick and reservoirs ranging from 40 to 910 m, with top 
depths from 170 to 3690  m and base depths from 470 
to 4035  m. The Chinshui Sh thins toward the west and 
vanishes at several boreholes in the offshore area. The 
two intraformational seals are also displayed in the east–
west correlation panels. The upper intraformational seal 
(Shihliufen Shale) is exclusively located in the northern 
region. In contrast, the lower intraformational seal within 
the Kuanyinshan Ss is more broadly distributed but nota-
bly absent in the southeastern area. However, the Nan-
chuang Fm is absent near borehole O and is substituted 
by basaltic and tuffaceous layers in boreholes N, P, and Q 
(Figs. 7, 8, 12).

4.3 � R3 system
The R3 system in central Taiwan comprises sandstone 
reservoirs in the Peiliao and Shiti Fm, with the Talu Sh 
serving as the caprock. The stratigraphic ages span the 
early to middle Miocene (Fig.  2). Borehole O (Fig.  6) 

represents vertical lithological variations within the R3 
system in the onshore southern TB (Fig. 1).

The R3 system has up to 230 m of sandstone or inter-
calated sandstone/shale units, with a caprock of approxi-
mately 70 m thick shale at the top, as shown in borehole 
O (Fig. 6). The Talu Sh is about 70 m thick shale with a 
10 m thick interbedded sandstone and shale. The top of 
the Peiliao Fm, acting as a secondary reservoir, consists 
of a fossiliferous/calcareous sandstone bed about 10  m 
thick, laterally equivalent to a limestone unit (Orbit-
oid Limestone, Chi 1981). The primary reservoir in the 
R3 system is a sandstone bed up to 50 m thick, directly 
underlying the calcareous sandstone unit. The lower sec-
tion of the Peiliao Fm is primarily composed of interbed-
ded sandstone and shale, with a thickness of about 65 m. 
In the middle of this section, a 15  m-thick shale layer 
is located (Fig.  6). The second reservoir unit of the R3 
system is the Shiti Fm, which is divided into two units. 
The upper unit is dominated by interbedded sandstone/

Fig. 9  Borehole stratigraphic correlation panel, Line-3, across the onshore and offshore NW–SE direction (see Fig. 1 for locations). Acronyms for well 
logs are Re-1 and Re-2: resistivity log
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shale and sandstone, with a thickness of about 80 m. The 
lower unit comprises 65  m thick sandstone beds, with 
10 m thick shale and intercalated sandstone/shale layers 
(Fig. 6).

According to the correlation panels, the R3 system 
exhibits excellent conditions for CO2 storage, except 
for the southwest offshore area (shallower than 800  m) 
and the northeast corner of the study area (deeper than 
3,500  m). For the north-to-south correlation panels 
(Figs. 7 and 8), the top and basal depths of the R3 system 
range from 470 to 3465 m (top) and 785 to 4000 m (base), 
respectively. The system includes 200–580  m thick res-
ervoirs and a 75–560 m thick caprock, the thickest seal 
rock in the study area. For the west-to-east correlation 
panels (Figs. 9, 10, 11 and 12), the top and basal depths 
range from 470 to 4035 m (top) and 785 to 4520 m (base), 
respectively. The system also comprises 45–560 m thick 
seal rocks and 195–580 m thick reservoirs.

A moderately thick shale layer (15–60 m thick) in the 
middle of the Peiliao Formation serves as an intraforma-
tional seal, which is widely distributed and found in sev-
eral boreholes. South of borehole L (Fig. 7), part of the R3 
system is shallower than 800 m in the offshore area and 
unsuitable for CO2 storage. Near borehole E (Fig.  10), 
the R3 system is buried at depths shallower than 800 m; 
however, this area is more than 60 km from the shoreline. 

North of borehole M1 (Fig. 8), part of the R3 system lies 
at depths greater than 3,500  m and has not been thor-
oughly penetrated by drilling (e.g., boreholes C and D) 
(Fig. 9).

4.4 � R4 system
The R4 system, central Taiwan’s deepest storage sys-
tem, features thick sandstone layers in the Mushan and 
Wuchishan Formations, capped by the Piling Sh. Bore-
hole I (Fig. 6) illustrates the vertical lithological variations 
of the R4 system in the onshore central-southern TB 
(Fig. 1). This system’s age ranges from the late Oligocene 
to the early Miocene.

Overall, the R4 system includes sandstone beds up to 
370  m thick, capped by approximately 115  m of shale, 
as shown in borehole I (Fig.  6). The Piling Sh is about 
115 m thick, including a 20 m interbedded sandstone and 
shale unit. The upper reservoir of the R4 system features 
a sandstone bed from the Mushan Fm, divided into two 
sections. The upper section includes interbedded sand-
stone/shale and sandstone beds, approximately 65  m 
thick. In some areas, a Molluscan Limestone bed is at 
the Mushan Fm and Piling Sh boundary (Chi 1981). The 
lower section of the Mushan Fm consists of 70  m thick 
sandstone with intercalated sandstone/shale beds (Fig. 6).

Fig. 10  Borehole stratigraphic correlation panel, Line-4, across the onshore and offshore NW–SE direction (see Fig. 1 for locations)
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The lower reservoir features a 230  m thick sandstone 
bed from the Wuchishan Formation, the oldest exposed 
in the central Western Foothills. Pre-Miocene sediments 
resting below. The upper Wuchishan section has 115  m 
of sandstone mixed with sandstone/shale beds, each 
about 10 m thick. The lower section consists of interbed-
ded sandstone and shale, around 115 m thick.

As the deepest storage system, the R4 system has not 
been entirely penetrated by drilling in the northeastern 
or eastern regions of the study area. Therefore, the depths 
in these regions are extrapolated from nearby boreholes. 
The uppermost part of the R4 system in the study area is 
deeper than 800  m, making it suitable for CO2 storage. 
However, in the northeastern and eastern regions, where 
the depth exceeds 3500  m, CO2 storage is not feasible. 
According to the correlation panels, the R4 system pro-
vides suitable conditions for CO2 storage, except for the 
northeastern and eastern areas, where the depth exceeds 
3500 m.

In the north–south correlation panels (Figs.  7 and 8), 
the R4 system’s top and basal depths range from 785 
to over 4000  m and 920 to over 4000  m, respectively. 

It comprises caprock 70–145  m thick and reservoirs 
0–605  m thick, which are thin towards the south. The 
Wuchishan Formation disappears at boreholes N and 
O, while the Mushan Formation vanishes near borehole 
O (Figs.  7 and 8). In the west-to-east correlation panels 
(Figs. 9–12), the R4 system’s top and bottom depths vary 
from 785 to 4520 m (top) and 920 to over 5125 m (base). 
This system includes seal rock with thicknesses ranging 
from 70 to 210 m and reservoirs 25 to 710 m thick.

4.5 � Offshore seismic profiles
Five offshore seismic profiles are used to show the spa-
tial variations in the studied formations and their correla-
tions among the boreholes (Figs. 13 and 14). We convert 
the well logs of borehole K in the depth domain to the 
time domain using the time-depth chart from the vertical 
seismic survey of borehole K. We correlate the formation 
tops from borehole K to the MCS928-1a seismic profile 
(Fig. 13a). The formation tops from MCS928-1a are then 
correlated with other seismic profiles (Figs.  13 and 14). 
The seismic profiles show that the strata in the study area 
are mostly unaffected by faulting (Figs.  13 and 14). The 

Fig. 11  Borehole stratigraphic correlation panel, Line-5, across the onshore and offshore NW–SE direction (see Fig. 1 for locations)
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locations of the overlapping features seen in the seismic 
profiles are consistent with the positions shown on the 
borehole correlation panels (Figs. 7, 11, 13, and 14). The 
spatial thickness distribution of the formations is consist-
ent with the borehole correlation panels and seismic pro-
files. The deposits of TB thin toward the south and west. 
The R1 disappears near boreholes G and N (Figs.  7, 11, 
13 and 14). The Chinshui Sh disappears near the borehole 
H. The Kueichulin Fm disappears near boreholes G and 
N. The R3, R4, and lower part of R2 (Nanchuang Fm and 
Kuanyinshan Ss) show a uniform thickness and exhibit 
shallowing and thinning features toward the south 
(Fig. 13) and west (Fig. 14) from the basin center in the 
Taichung-Miaoli region. The Wuchishan Fm disappears 
in the south of the study area (Figs. 13b, 14b, and c), it is 
also shown in correlation panels (Figs. 7 and 11).

5 � Porosity and permeability of potential CO2 
reservoirs

The porosity and permeability values shown in Fig. 15 
were measured from core samples of sandstones and 
shaly sandstones from nine boreholes (i.e., boreholes 

D, F, F2, I, J, M1, S, T, and U) (Hsieh 1962; Hsu et  al. 
1969; Yang et  al. 1969; Yang et  al. 1971; Chan et  al. 
1974; Hsieh et  al. 1974; Chan et  al. 1978; Hsu et  al. 
1969; Sinotech Engineering Consultants, Inc., 2014; 
Yang 2015 and Lin 2018). These values of these major 
sandstone and shaly sandstone reservoirs are used to 
characterize the R1 to R4 systems.

5.1 � Porosity
The nominal porosity of sandstones is better than the 
shaly sandstones (Fig.  16a, Table  2). Among the four 
systems, the R1 reservoirs show the highest average 
porosity values (29% for sandstones and 23% for shaly 
sandstones), and the R3 reservoir porosity readings are 
the lowest (20% for sandstones and 15% for shaly sand-
stones; Fig.  16a, Table  2). The average porosity values 
for the R2 reservoirs are 26% for sandstone and 20% 
for shaly sandstone, whereas the average porosity val-
ues for the R4 are 23% for sandstone and 17% for shaly 
sandstone.

Fig. 12  Borehole stratigraphic correlation panel, Line-6, across the onshore and offshore NW–SE direction (see Fig. 1 for locations). Acronyms 
for well logs are SFLU: Spherically focused resistivity log. IDER: resistivity log
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5.2 � Permeability
The overall permeability of the shaly sandstone is not 
as good as that of sandstone. The averaged permeabil-
ity of shaly sandstone is up to 18.3–170 mD (Table 2), 
which is considered as a good CO2 reservoir (≥ 20 mD 
as defined by Bachu et  al. 2009). The average permea-
bility of all four systems for sandstone is 243–1068 mD, 
which was relatively high and is considered as very 
good to excellent CO2 storage reservoir. The perme-
ability of most of the samples is greater than 20 mD for 
porosity around 15–40% (Fig. 17). The porosity/perme-
ability of the sandstones shows a more clustered trend 
than that of the shaly sandstones. In summary, the 

porosity and permeability of the reservoir for CO2 stor-
age in the TB shows good CO2 storage potential.

The average permeability of R3 reservoirs is the high-
est among the four systems (1068  mD for sandstone 
and 55.7  mD for shaly sandstone), in contrast to the 
lowest average porosity (Fig.  16b and Table  2). The 
average permeability values for the R1 reservoirs are 
671 mD for sandstone and 170 mD for shaly sandstone; 
the R2 reservoirs average 586  mD for sandstones and 
32.1  mD for shaly sandstone; and the R4 reservoirs 
average 243 mD for sandstones and 18.3 mD for shaly 
sandstone.

Fig. 13  Offshore seismic profiles in NE-SW direction: a MCS928-1a. b MCS1033-S2S1-1. Formation tops are correlated from borehole K as shown 
in (a). Projected locations of boreholes along the seismic profiles are also marked. Acronym for lower Cholan Formation is LCL
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Fig. 14  Offshore seismic profiles in NW–SE direction: a MCS928-18. b MCS1033-S6S5. c MCS1033-S24S22. Formation tops are correlated 
from borehole K as shown in Fig. 13a. Projected locations of boreholes along the seismic profiles are also marked. Acronym for lower Cholan 
Formation is LCL
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6 � Discussion
This section focuses on central Taiwan’s three primary 
CO2 emission sources: the TPP, CCIP, and MTIP. Con-
sidering the maximum migration distance of the injected 
CO2 plume (Birkholzer et  al. 2015; Williams and Chad-
wick 2021; Rathmaier et al. 2024), the square area of the 
potential injection site with the TPP, CCIP, or MTIP at 
the center is 20 km by 20 km. The R1–4 storage systems 
at these sites are evaluated regarding the spatial distri-
bution of the caprock thickness, reservoir thickness, 
and depth ranges. In addition, the porosity and perme-
ability of the reservoir rocks are assessed quantitatively. 
Tables  3, 4 and 5 list the storage system parameters for 
the TPP, CCIP, and MTIP sites.

The TPP and CCIP sites are located in the center of the 
TB and their storage system characteristics shows thick 
caprock/reservoir pairs. Most of the R4 and lower R3 
systems are unsuitable as CO2 reservoirs because their 
burial depths are greater than 3500 m. The MTIP site is 
located on the southern margin of the basin. Its storage 
systems (R1, R3, and R4) lie within a suitable depth range 
of 800–3500  m; however, its reservoir thickness is gen-
erally thinner than that in the basin center. Our results 
provide a holistic understanding of carbon storage sys-
tems in central and offshore Taiwan and directions for 
selecting suitable carbon storage systems in the areas of 
interest.

6.1 � Taichung coal‑fired power plant (TPP)
Boreholes B, C, D, M1, and F represent the TPP at the 
northern coast of the study area as references (Fig.  1). 
These boreholes and borehole correlation panels (Lines 
1–4; Figs. 7, 8, 9 and 10) serve as the basis for our discus-
sion. Table 3 summarises the storage system parameters 
of the TPP sites.

Fig. 15  a A plot of porosity values versus depth from borehole core 
samples for sandstones and shaly sandstones of R1, R2, R3, and R4 
systems. b A plot of permeability values versus depth from borehole 
core samples for sandstones and shaly sandstones of R1, R2, R3, 
and R4 systems. Samples from the M1 well are from Sinotech 
Engineering Consultants, Inc, (2014) with a few samples from Yang 
(2015) and Lin (2018). The R1 system of the M1 well from Sinotech 
Engineering Consultants, Inc, (2014) and Yang (2015) are infilled blue 
circles and dark blue triangles, respectively. The R2 system of the M1 
well from Sinotech Engineering Consultants, Inc, (2014), Yang (2015), 
Lin (2018), and the R2 system of F, F2, J wells are infilled orange 
circles, dark orange triangles, green diamonds and red diamonds, 
respectively. The R3 system of the M1 well from Sinotech Engineering 
Consultants, Inc, (2014) and the R3 system of D, J, T wells are infilled 
grey circles and black diamonds, respectively. The R4 system of F, F2, I, 
S, U wells are infilled yellow circles

Fig. 16  A plot showing the ranges of measured porosity and permeability for sandstones (ss) and shaly sandstone (shs) of the R1, R2, R3, and R4 
systems. a the range of porosity for R1 to R4 systems (b) the range of permeability for R1 to R4 systems. Blue and orange colors are sandstones (ss) 
and shaly sandstone (shs), respectively. Note that the averaged values of permeability are log-scale averages
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(1)	 R1 system: The R1 system exhibits good conditions 
at the TPP site regarding suitable depth range and 
seal/reservoir-rock pairs. The top of the R1 system 

at the TPP site is 1,450 to 2600  m deep (Table  3, 
R1). The R1 system (lower Cholan Fm) is composed 
of 5–6 subsystems with 10–60  m thick seal rocks 
and 30–90 m thick reservoirs.

(2)	 R2 system: The top of the R2 system at the TPP site 
is approximately 1900–3200  m (Table  3, R2), with 
70–160  m thick seal rock and 300–900  m reser-
voirs. Two thin shale layers may also serve as intra-
formational seals, with an approximately 30 m thick 
upper intra-seal and an approximately 20  m thick 
lower intra-seal.

(3)	 R3 system: The top of the R3 system at the TPP 
site is 2750 to 3700 m deep (Table 3, R3). Although 
part of the R3 system is deeper than 3500 m in the 
northeast corner of the TPP site, it shows suitable 
conditions for CO2 storage in the rest of the area. 
Another advantage of the R3 system is the thicker 
caprocks and reservoirs. The caprock, Talu Sh, is 
approximately 180–560  m thick, and the reservoir 
is thicker than 400 m. A 30–60 m thick intraforma-
tional shale is present within the middle Peiliao Fm. 
This shale bed divided the R3 system into two sub-
storage systems.

Table 2  A list of measured porosity and permeability values from core sample

It shows the maximum, mean, and minimum of porosity and permeability for R1 ~ R4 systems. Porosity and permeability are only considered for sandstones and shaly 
sandstones. Acronyms for the lithology are ss: sandstone, and shs: shaly sandstone. Note that the mean values of permeability are log-scale averages

System Porosity-ss Porosity-shs

Min Mean Max Min Mean Max

R1 0.19 0.29 0.39 0.17 0.23 0.42

R2 0.12 0.26 0.35 0.14 0.20 0.27

R3 0.03 0.20 0.31 0.06 0.15 0.30

R4 0.16 0.23 0.32 0.13 0.17 0.23

System Permeability-ss (mD) Permeability-shs (mD)

Min Mean Max Min Mean Max

R1 3 671 1300 1.5 170 500

R2 19 586 1200 0.1 32.1 100

R3 31 1068 3800 1 55.7 180

R4 13 243 890 1 18.3 39

Fig. 17  A plot shows the porosity–permeability relationship 
of sandstone and shaly sandstone. Blue and orange circles are 
sandstone (ss) and shaly sandstone (shs) samples, respectively. Blue 
and orange dotted lines are the porosity–permeability relationship 
of sandstone and shaly sandstone, respectively

Table 3  List of properties of carbon storage systems in and around the Taichung Power Plant (TPP) site

TPP is in the middle of a 20 km × 20 km square. The R3 and R4 systems lie too deep in this region and are not drilled by any boreholes within this assessed site. The 
caprock/reservoir thicknesses and depths for R3 and R4 systems are interpolated from nearby boreholes. The values are marked as estimated

Systems Caprock thickness Reservoir thickness Depth of top system

R1 10 – 60 m (5 – 6 layers) 30 – 90 m (5 – 6 layers) 1450 – 2600 m

R2 70 – 160 m 300 – 900 m 1900 – 3200 m

R3 180 – 560 m 400 – 450 m (estimated) 2750 – 3700 m

R4 120 – 150 m (estimated) 370 – 610 m (estimated) 3700 – 4500 m
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(4)	 R4 system: Although the R4 system has thick res-
ervoirs (> 370  m) and caprocks (> 120  m), the R4 
system is not suitable for CO2 storage because its 
depth is greater than 3500 m. The top of the R4 sys-
tem at the TPP site is approximately 3700–4500 m 
deep (Table 3, R4), deeper than 3500 m. As the R4 
system is not penetrated by drilling, we estimate 
the thicknesses of the caprock and reservoirs in the 
ranges of 120–150 m and 370–610 m, respectively, 
by interpolation from nearby borehole data.

6.2 � Changhua coastal industrial park
The CCIP is located in the central part of the study area 
on the reclaimed coastal land in Changhua County. We 
present the data in Table 4 using nearby boreholes M1, H, 
I, F, and C (Fig. 1) and borehole correlation panels (Lines 
1, 2, 4, 5; Figs. 7, 8, 10, and 11) as references.

(1)	 R1 system: Similar to the TPP site, the R1 system 
shows good conditions at the CCIP site regarding 
a suitable depth range and seal/reservoir-rock pairs. 
The top of the R1 system at the CCIP site is 1385 
to 2400 m in depth (Table 4, R1). The R1 system is 
composed of five subsystems with 10–25  m thick 
seal rocks and a 25–80 m thick reservoir.

(2)	 R2 system: The top of the R2 system at the CCIP site 
is approximately 1655–2850  m in depth (Table  4, 
R2), with 35–115 m thick seal rock and 280–505 m 

thick reservoirs. Two thin shale layers that may also 
serve as intraformational seals: a 20–30  m thick 
upper intra-seal and a 10–20  m thick lower intra-
seal. Line-4 (Fig. 10) indicates that the Chinshui Sh 
caprock has disappeared approximately 23 km from 
the central point (M1 well) of the CCIP site.

(3)	 R3 system: The top of the R3 system at the CCIP 
site is 2085 to 3320  m in depth (Table  4, R3). We 
estimate that the caprock is approximately 150–
240 m thick, and the range of the reservoir is 240–
400  m. A 30–55  m thick intraformational shale is 
present within the middle part of the Peiliao Fm.

(4)	 R4 system: Good conditions are observed at the 
southern CCIP site with a thick caprock/reservoir 
and depth distribution (< 3500  m) (Figs.  1 and 8). 
The top of the R4 system at the CCIP site is approx-
imately 2800–4350  m in depth (Tables  4 and R4). 
The thicknesses of the caprock and reservoir are 
estimated to exceed 100 m and 350–600 m, respec-
tively. The R4 system at the northern CCIP site is 
more than 3500  m deep, making it unsuitable for 
CO2 storage.

6.3 � Mailiao Taisu industrial park
Boreholes K, L, I, N, O, and Q represent Mailiao Taisu 
Industrial Park in the southern study area of Yunlin 
County as references (Fig. 1). These boreholes and bore-
hole correlation panels (Lines 1, 2, 5, and 6; Figs. 7, 8, 11, 
and 12) serve as the basis for our discussion.

(1)	 R1 system: Except for the southwest of the MTIP 
site, which is extremely shallow (< 800  m), the R1 
system shows good conditions for storing CO2 
regarding suitable depth distribution and seal/res-
ervoir-rock pairs. The top of the R1 system at the 
MTIP site is 650 to 1300 m in depth (Table 5, R1) 
and consists of 3–4 subsystems with 10–20 m thick 
seal rock and 10–40 m thick reservoirs.

(2)	 R2 system: Although most of the R2 system is 
within suitable conditions, including the depth 

Table 4  A list of properties of carbon storage systems in and around the Changhua Coastal Industrial Park (CCIP) site

The M1 well is in the middle of a 20 km × 20 km square. Because the lower R3 system and the R4 system lie too deep in this region and they are not drilled by any 
boreholes within this assessed site. The caprock/reservoir thicknesses and depths for R3 and R4 systems are interpolated from nearby boreholes. The values are 
marked as estimated

Systems Caprock thickness Reservoir thickness Depth of Top

R1 10 – 25 m (5 layers) 25 – 80 m (5 layers) 1385 – 2400 m

R2 35 – 115 m 280 – 505 m 1655 – 2850 m

R3 150 – 240 m 240 – 400 m (estimated) 2085 – 3320 m

R4  > 100 m (estimated) 350 – 600 m (estimated) 2800 – 4350 m (estimated)

Table 5  A list of properties of carbon storage systems in and 
around the Mailiao Taisu Industrial Park (MTIP) site

The MTIP is in the middle of a 20 km × 20 km square. Formations of the Chinshui 
Shale, Mushan Formation, and Wuchishan Formation are missing in some areas 
around the MTIP site; thus, the minimum thickness is marked by 0

Systems Caprock thickness Reservoir thickness Depth of Top

R1 10 – 20 m (3 – 4 layers) 10 – 45 m (3 – 4 layers) 650 – 1300 m

R2 0 – 35 m 50 – 300 m 680 – 1515 m

R3 85 – 170 m 210 – 370 m 825 – 1735 m

R4 110 – 140 m 0 – 545 m 1160 – 2180 m
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range and thick reservoirs, it lacks regional sealed 
rock. The top of the R2 systems at the MTIP site is 
approximately 680–1,515 m in depth (Table 5, R2), 
with 0–35  m thick seal rock and 50–300  m thick 
reservoirs. The Nanchuang Fm is missing in some 
places and is replaced by basaltic/tuffaceous layers 
near the N, P, and O wells. It is also an unsuitable 
reservoir rock for CO2 storage.

(3)	 R3 system: The top of the R3 system at the MTIP 
site is 825 to 1735  m in depth (Table  5, R3), with 
a 90–170 m thick seal rock layer and a 210–370 m 
thick reservoir. A thin shale layer 10–25 m in thick-
ness may also serve as an intraformational seal.

(4)	 R4 system: The R4 system shows good potential for 
storing CO2, except near borehole O at the south 
of the MTIP site. The top of the R4 system at the 
MTIP site is approximately 1160–2180 m in depth 
(Table 5, R4) and is composed of a 110–140 m-thick 
caprock and a 0–545  m-thick reservoir. Line-2 
(Fig.  8) shows that the Wuchishan Fm thins and 
disappears at the northeast MTIP site. The Mushan 
Fm also thins and disappears near borehole O at the 
southern MTIP site (Fig. 8).

7 � Conclusions
This study used 22 borehole data to identify suitable 
stratigraphic trap systems for carbon storage in central 
Taiwan. It established a solid base for estimating carbon 
storage capacity and performing post-injection simula-
tions. We employed borehole data to characterize the 
geological parameters (e.g., spatial distribution of depths, 
thicknesses of reservoirs and caprocks, and porosity and 
permeability of reservoirs) for CO2 storage in central Tai-
wan and offshore areas. In descending order, the carbon 
storage systems identified include the R1, R2, R3, and R4 
systems.

The carbon storage systems in the center of TB feature 
thick reservoirs and caprocks; however, the R4 and lower 
R3 systems are too deep (> 3500  m) to store CO2 effec-
tively. In contrast, the storage systems along the southern 
basin margin in central Taiwan are situated at a suitable 
depth range (i.e., between 800 and 3500  m). Neverthe-
less, their reservoirs are generally thinner than those of 
the basin center. The carbon storage systems at three sites 
(TPP, CCIP, and MTIP), which are significant sources of 
stationary CO2, are examined in detail:

(1)	 TPP site: The R2 system features the best criteria 
for depth and thickness distribution of caprock-
and-reservoir pairs. The R1 system shows good 
conditions owing to its suitable depth range and 
seal/reservoir-rock pairs. Although the R3 system 

is deeper than 3500  m in the northeastern corner 
of the TPP site, it exhibits favorable conditions for 
CO2 storage in the study area.

(2)	 CCIP site: Similar to the TPP site, the R2 system 
shows the best potential among all systems. The R1 
and R3 systems also exhibit favorable conditions for 
CO2 storage. The R4 system is only suitable for car-
bon storage at the southern CCIP site.

(3)	 MTIP site: The R3 system is the most effective for 
carbon storage, considering the depth and thick-
ness of the seal-and-reservoir pairs. The R1 and R4 
systems showed limited conditions for CO2 storage, 
while the R2 system was unsuitable.

The porosity and permeability of reservoirs measured 
from borehole cores shows that the average porosities for 
R1 to R4 systems are in the ranges of 20–39% for sand-
stones and 16–23% for shaly sandstones, respectively. 
The average permeabilities for R1 to R4 systems were in 
the ranges of 243–1068  mD for sandstones and 18.3–
170 mD for shaly sandstones, respectively. The measured 
reservoir porosity and permeability shows very good-to-
excellent CO2 storage potential in the study area.
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