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Abstract: The Port Island Formation (PIF), a typical Cretaceous red bed in Hong Kong, is dominated by
non-fossiliferous, reddish clastic rocks, making it difficult to determine the sedimentary age of PIF
precisely. Previous studies assigned the PIF to Late Cretaceous provisionally only on the basis of its
stratigraphic sequence and lithology. This study identified a tuffite interlayer in the PIF and a zircon U-
Pb age of 128.2+2.7 Ma by LA-ICP-MS method was obtained. It’s the first time to date the depositional
age of the PIF with a reliable chronological constraint. With the support of stratigraphic evidence, we
concluded that the geological age of PIF should be Early Cretaceous rather than Late Cretaceous. Based
on the volcanic history of Hong Kong and Southeast China and the distribution of the PIF in Mirs Bay, it
is believed that there was no volcanic activity in Hong Kong in ca. 128 Ma. The tuffite interlayer
discovered in PIF was formed by the deposition of volcanic ash, which might originate from remote
region outside Hong Kong, in an aquatic environment on Port Island. The identification of the tuffite
interlayer, as the response to a volcanic event, has great significance not only to the studies of
establishment and regional correlation of the strata system and the geological evolution in Hong Kong,
but also to the study of volcanic activities in Southeast China.
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1 Introduction

In the Mesozoic, extensive magmatism occurred along
the Southeast China including present-day Hong Kong
(Sewell and Campbell, 1997; Sewell et al., 2012a; Li et
al., 2014; Zhao Longlong et al., 2017). Under the impact
of intensive and destructive volcanism and magmatic
intrusion, as well as the regional tectonic movements,
sedimentary strata in Hong Kong has a limited distribution
and outcrops, and usually are scattered. The strata contact
relations are unclear, which create difficulties in
establishing the stratigraphic sequence in Hong Kong (Li
Zuoming and Lin Jifeng, 1987; Li Xiaochi, 2012).

The Port Island Formation (PIF), named by Ruxton in
1960, is a typical Cretaceous red bed in Hong Kong. It is a
continental facies clastic rock formation, dominated by
non-fossiliferous, reddish brown conglomerate, sandstone
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and siltstone deposited in fluvial environment (Jones,
1995; 1996). The PIF crops out on some of the islands in
Mirs Bay in northeastern Hong Kong including Port
Island, Channel Rock and Round Island and so on. The
type section of PIF exposed on the southern coast of the
Port Island (Lee, 1985; Lai et al., 1996; Sewell et al.,
2000). Boreholes and seismic interpretation show that the
PIF is widespread over most of Mirs Bay subcropping the
superficial deposits (Lai et al., 1996; Sewell et al., 2000;
Zhao Longlong, 2017).

Although many scholars had conducted relevant
researches on the formation age of the PIF, it has never
been reached an accurate conclusion yet. There are two
main reasons: (1) that the PIF formed in an arid saline
environment, in which nearly no life can survive, and thus
no standard fossils were found in the PIF (Zhang Jiefang,
1987; Li Zuoming and Lin Jifeng, 1987), and (2) that the
PIF is mainly composed of clastic rocks and it’s hard to
find minerals or rocks which can perform isotopic dating.

© 2018 Geological Society of China
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The existing literatures stated that the PIF was thought to
be Upper Cretaceous strata according to the lithology and
the stratigraphic correlation with neighboring equivalent
strata (Lai et al., 1996; Owen, 2000; Sewell et al., 2000; Li
Xiaochi, 2012; Tang et al., 2014).

This study for the first time discovered a layer of tuffite
in the PIF on the southern coast of Port Island. We
examined the tuffite using LA-ICP-MS zircon U-Pb dating
method. In combination with the stratigraphic correlation
and regional geological data, we confined the depositional
age of the PIF, explored the petrogenesis of the tuffite and
analyzed the volcanic activities in Hong Kong area of the
Cretaceous period. The results have a great significance
not only to the studies of establishment and regional
correlation of the stratigraphic sequence and the
geological evolution in Hong Kong, but also to the study
of volcanic activities in Southeast China.

2 Geological Settings

2.1 Regional geology

Southeast China is located at the junction of the Pacific
Plate and the Eurasian Plate. It comprises two major
crustal blocks: the Yangtze Block in the north and the
Cathaysia Block in the south (Fig. 1a), collectively known
as the South China Block (Hst et al., 1990; Jahn et al.,

1999; Tang et al., 2014; Ding Cong et al., 2015; Zhao
Longlong et al., 2017; Wang Jinrong et al., 2017). During
the Late Mesozoic, extensive magmatism occurred in
Southeast China, resulted in multi-stage and multi-cycle
frequent violent magmatic activies (Wang Dezi and Du
Yangsong, 1990; Sewell and Campbell, 1997; Sewell et
al., 2012a; Zhou Jian et al., 2012; Zhou Liyun et al., 2016;
Jiang Yang et al.,, 2016; Liu Lei et al., 2017). The
Mesozoic igneous rocks formed a 400-km-wide belt along
the coastal region of Southeast China (Sewell and
Campbell, 1997; Sewell et al.,, 2012a) (Fig. 1). The
igneous rocks are progressively younger from the inland
towards the coast (Wang Dezi et al., 2000; Li et al., 2014;
Lin Wenjing et al., 2016).

2.2 Hong Kong geology

Hong Kong is located in the southern Cathaysia Block,
at the southwestern extremity of the Lianhuashan Fault
Zone, which is one of the dominant structural features of
Southeast China (Sewell et al., 2000; Wang et al., 2015;
Wang Liming et al, 2016) (Fig. la). In Guangdong
Province, the Lianhuashan Fault Zone is up to 30 km wide
and has NNE- and E-trending faults (Bureau of Geology
and Mineral Resources of Guangdong Province, 1988).
Hong Kong is strictly controlled by the Lianhuashan Fault
Zone and the fault structures, trending NEE, NNW and
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Fig. 1. (a) Regional tectonic map of Southeast China; (b) Simplified geological map of Hong Kong (after Sewell et al., 2000).
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NNE, are well developed (Li Zuoming and Lin Jifeng,
1987). The major structural features of northeastern New
Territory where the study area is located, are dominated by
NE-trending faults, shear zones and fold axes, with
subordinate NW- and E-trending faults (Fig. 1b).
Identification of folds in the area is difficult as most of
them are obscured by intense faulting, magmatism and
metamorphism (Lai et al., 1996).

After extensive Mesozoic magmatism, the northeastern
New Territories had undergone a relatively stable period,
and three fault-depression basins were developed: the Pat
Sin Leng Basin, the Tai Pang Wan Basin and the Ap Chau
Basin, deposited typical Cretaceous terrigenous red beds
which were named the Pat Sin Leng, Port Island and Kat
O Formations, collectively known as the Mirs Bay Group
(Fig. 1b) (Lai et al., 1996; Li Xiaochi, 2012). All of these
formations are dominated by reddish sandstone, siltstone
and conglomerate (Lai et al., 1996; Sewell et al., 2000;
Tang et al.,, 2014). The Pat Sin Leng Formation lies
unconformably on volcanic rocks of the Tai Mo Shan
Formation and shows fault contact relationship with Bluff
Head Formation (Geotechnical Engineering Office (GEO),
1992; Lai et al., 1996). The PIF overlies unconformably
on volcanic rocks of the Long Harbor Formation and
shows conformable contact relationship with its overlying
strata the Ping Chau Formation (Lai, 1991; Jones, 1996; Li
Zuoming et al.,, 1997; Li Xiaochi, 2012). The Kat O
Formation is likely to be a deposition at the basin edge in
similar age as the PIF (Li Zuoming and Lin Jifeng, 1987;
Li Xiaochi, 2012). Earlier studies thought the Ping Chau
Formation is a Paleogene product, but recent researches
put forward that it is very likely to be Cretaceous strata
(Wang Lulin et al., 2018).

The stratigraphic section investigated in this paper is
located in the southern margin of Port Island in northeastern
New Territories. The geological coordinates of starting and
ending points are north latitude 22°29'48", east longitude
114°21'30" and north latitude 22°29'49", east longitude
114°21'36" (Fig. 2a). The PIF is unconformably overlying
on the Long Harbor Formation, dipping 20-30° to the east-
northeast and it can be divided into three members (Figs. 2b
and 3a). From the Lower member to the Upper member,
rock grain size changes from coarser to finer. A tuffite
interlayer of about 2.7 meters thick, was discovered in the
Middle member. It is on top of a coarse sandstone layer and
under a conglomerate strata with coarse sandstone in it
(Figs. 2b and 3b).

3 Sampling and Dating Method

3.1 Sampling and petrographic features
There are two strata on Port Island: the Long Harbor

Formation of rhyolitic crystal welded tuff, distributed in
the west of the island, and its overlying stratum, the PIF,
consists of well bedded and cross-bedded reddish-brown
conglomerate, sandstone and siltstone, distributed in the
east of the island (Lai et al., 1996; Zhao Longlong et al.,
2017) (Fig. 2a). A sample (PS7) was collected from the
tuffite interlayer of the PIF on the south margin of the Port
Island (Fig. 2). The sample has a massive structure and
tuffaceous texture, with a brick-red fresh surface (Fig. 3c).
The thin-section photomicrograph of tuffite sample shows
that it contains about 65-70% of tuffaceous materials
which mainly are vitric fragment and volcanic dust and a
small portion of terrigenous clasts. Most of the vitric
fragments are out of shape and can faintly see their
cambered surface angular shape. They have a littery
distribution and have been replaced unevenly by clay and
limonite. The terrigenous clasts mainly are lithic fragment,
accounts for about 30% of the composition, and quartz.
Most of the lithic fragments, 0.1 to 2 mm in size, are
distributed promiscuously, subrounded and well sorted.
There are a few of gravel-sized grains larger than 2.8 mm.
Tuff and siliceous rocks were identified among the lithic
fragments which are certain degree of claization and
limonitization (Fig. 3d).

3.2 U-Pb dating method

Zircon grain separation was performed in the laboratory
of the Regional Geology Minerals Investigation Research
Institute, in Hebei Province, China. The coarse sample
was washed and crushed. Then zircon grains were
separated by standard magnetic and heavy liquid methods
and hand-picked under a binocular microscope. Clean,
transparent, relatively euhedral zircon crystals without
cracks or inclusions were mounted in epoxy blocks,
polished to obtain an even surface, and cleaned in an acid
bath. The transmitted and reflected light images and
cathode luminescence (CL) images of the zircon grains
were photographed in Dishi technologies Co. Ltd.,
Beijing. The analytical positions of zircon grains for
isotopic analyses were based on CL images (Fig. 4a),
which show the internal texture, morphology and surface
cracks of the zircon grains.

The zircon U-Pb isotope analysis was performed at
Laser Ablation Inductively Coupled Plasma Mass
Spectrometer  (LA-ICP-MS)  microscopic  analysis
Laboratory, State Key Laboratory of Geological Processes
and Mineral Resources, China University of Geosciences,
Beijing. The analytical instruments used were the Thermo
Fisher X Series 2 ICP-MS apparatus and the New Wave
193 nm Laser Denudation System. The laser spot beam
diameter was 32 pm with a frequency of 8 Hz. For zircon
U-Pb dating, NIST610 was used as the external standard to
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Fig. 2. Simplified geological map of Port Island showing (a) the rocks, strata and sampling location for this study (after Zhao Lon-
glong et al., 2017) and (b) the stratigraphic section of the southern island in which the sampling horizon of tuffite is also shown.

correct the U, Pb, Th contents. Zircon 91500 (Wiedenbeck and zircon GJ-1 was used as monitoring standard (Jackson
et al., 1995; 2004) was used as the dating external standard et al., 2004). In the process of isotopic measurement, two
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middle member of the PIF; (¢) Sampling location of sample PS7; (d) Thin-section photomicrographs (plane-polarized light) of sam-
ple PS7, Qtz: Quartz.

zircon 91500 samples were repeatedly measured before
and after five testing spots, and were analyzed to correct
the measurement results of the sample. Analysis was
performed only on =zircon grains without observable
fractures or fluid inclusions. Detailed instrumentation and
analytical accuracy description are similar to those
described by Liu et al. (2008) and Shen et al. (2012).

The ICPMsDataCal (Liu et al., 2008) program was
adopted for ICP-MS data post processing. The zircon age
and concordia diagram were obtained using the Isoplot 3.0
(Ludwig, 2003) program. The errors involved in
individual spots are all equal to 1s, and the weighted mean
2%pp/>¥U ages have a 95% confidence coefficient. For the
details of the zircon U-Pb isotopic age analytical method,
procedures and analytical accuracy description, refer to
Gao et al. (2002) and Wang et al. (2012a, b).

4 U-Pb Dating Result

4.1 Zircon characteristics
Zircon grains are relatively abundant in tuffite sample

PS7. The zircon grains are euhedral or subhedral. Most of
them are long prismatic, and a small number of them are
short prismatic. They generally range up to 100-200 pm in
length and 60-120 um in width. The length/width ratios
range from 1 to 2.5. In CL images, the interior of the
zircons shows planar growth and typical magmatogenic
oscillatory zoning (Fig. 4a).

Twenty-three spot analyses were performed on the
zircon grains of PS7 and all of the positions were marked
on the CL images (Fig. 4a). The in situ analyses of rare
earth elements (REEs) contents of zircon grains in tuffite
sample are shown in Table 1. All zircon grains have high
YREE contents, ranging from 791.38 to 2325.15 ppm,
with an average of 1386.05 ppm. In the chondrite
normalized REE distributions patterns (Boynton, 1984)
(Fig. 5), all the zircon grains show depletion of light rare
earth elements (LREESs), strong enrichment of heavy rare
earth elements (HREESs), obvious positive Ce anomalies
(0Ce=4.27-323.52, average 37.10) and negative Eu
anomalies (6Eu=0.05-0.38, average 0.19) (Fig. 4a). All
these characteristics are in accordance with the features of
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Fig. 4. (a) CL image, testing spot locations and spot ages of PS7; (b) U-Pb concordia diagram of PS7.

10000

1000 ¢

— (=1
o (=1

Zircon grains/Chondrite

0.1

Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

La Ce Pr Nd

Fig. 5. Chondrite normalized REE patterns (after Boynton,
1984) of zircon grains in tuffite of the PIF.

a typical magmatic zircon (Buick et al., 1995; Belousova
et al., 2002; Xie Qifeng et al., 2017). A large number of
studies show that magmatic zircons are rich in Th and U
contents and the Th/U ratios are normally higher than 0.4
(Hidaka et al., 2002; Wu Yuanbao and Zheng Yongfei,
2004). In this study, U content of the zircons is 215.54—
931.55 ppm and the Th content is 238.98-2114.43 ppm,
Th/U ratio is 0.30-1.32, with an average of 0.69 (only two
Th/U ratios are lower than 0.4), the above figures are also
consistent with the characteristics of magmatic origin
zircons (Liu et al., 2013; Yuan Qian et al., 2014).

Given the above, we concluded that the zircons selected
from the tuffite sample are magmatogenic, thus the dated
age of these zircons is representative for the formation age
of the tuffite interlayer.

4.2 Zircon U-Pb age of the tuffite

The corrected LA-ICP-MS zircon U-Pb data of twenty-
three test spots are listed in Table 2. The data from the
spot analysis were spread along the concordia line (Fig.
4b). All data fall within a narrow range (*°°Pb/>*U ages:
13942 Ma to 120+3 Ma) and yield a weighted mean

2pp/A8U  age of 1282427 Ma (95% confidence,
MSWD=4.4) (Fig. 4; Table 2). Combining the dated age
we thought the tuffite
interlayer, recorded an obvious volcanic activity during
the deposition of PIF, were formed in 128.2+2.7 Ma, and
this U-Pb age, to a certain extent, constrains the
sedimentary time of the PIF.

with the features of zircons,

5 Discussion

5.1 Formation age of the PIF

It’s very difficult to date the accurate age of the PIF
because the outcrop of PIF in Hong Kong is limited and
the contact relation of the strata is obscured and no fossils
have been found in the formation yet. In the past few
decades, a number of scholars had studied the formation
age of the PIF. Williams (1943) and Davis (1953) thought
that the PIF was formed in the Eocene. Allen and Stephens
(1971) strongly recommended that the PIF was deposited
in Early Cretaceous. However, none of these hypothesizes
were supported by fossil evidence. Zhang Jiefang (1987)
reported that there were stonewort fossils of Atopochara
sp. immature individual in PIF and assigned PIF into the
age of late Early Cretaceous to early Late Cretaceous
according to the morphological characteristics and
preservation condition of the fossils. Whereas, the
stonewort fossils have not been verified when Li Zuoming
et al. (1997) identified them for a second time. They took
more than 100 samples from PIF, but none of them
contained a fossil. By comparing the PIF to the Nanxiong
Group or the equivalent strata in Guangdong Province, Li
Zuoming et al. (1997) designated PIF a Late Cretaceous
formation provisionally. Some other scholars compared
the PIF to the fossil-bearing Lower to Upper Cretaceous
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Table 1 Rare earth elements (ppm) contents of zircon grains in tuffite sample from PIF
Test spot No.  La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu YREE XHREE &Eu 3Ce
PS7-1 0.18 17.09 0.10 099 2.70 0.25 19.55 8.08 93.17 44.33 204.43 6443 511.68 128.77 1095.75 1074.44 0.08 30.21
PS7-2 2.50 53.76 097 9.22 927 1.70 49.24 18.88 211.55 91.53 370.06 105.27 753.94 187.63 1865.52 1788.10 0.19 8.31
PS7-3 0.80 47.79 0.53 336 7.31 1.37 41.74 15.77 19450 86.95 357.34 103.44 734.09 192.32 1787.31 1726.15 0.19 17.08
PS7-4 <0.01 14.47 0.09 147 442 045 25.16 11.18 118.42 50.03 19498 50.80 338.47 81.64 891.58 870.68 0.10 48.55
PS7-5 2.06 33.61 0.73 3.80 3.60 0.68 20.48 7.95 99.31 47.75 204.59 59.10 466.65 126.02 1076.33 1031.85 0.19 6.59
PS7-6 0.28 27.62 0.27 239 3.19 0.97 2225 9.12 113.00 53.33 233.70 71.88 535.71 151.94 1225.65 1190.93 0.26 21.94
PS7-7 0.14 1242 0.16 193 5.15 0.27 3500 14.61 181.19 7892 316.41 83.74 555.78 136.39 1422.11 1402.04 0.05 17.44
PS7-8 3.67 54.04 136 593 458 0.51 24.14 10.32 129.78 59.25 245.08 68.60 501.40 131.51 1240.17 1170.08 0.12 5.82
PS7-9 1.66 87.46 053 593 7.72 2.77 41.41 13.17 13243 50.84 188.45 50.58 351.40 93.35 1027.70 921.63 0.38 22.32
PS7-10 0.52 47.19 1.62 12.75 20.99 4.55 74.78 24.35 247.18 96.78 365.61 93.24 621.56 154.45 1765.57 1677.95 0.31 7.81
PS7-11 026 36.22 0.13 2.63 5.76 1.18 37.98 13.73 165.78 77.45 327.25 91.69 665.02 183.08 1608.16 1561.98 0.18 47.08
PS7-12 4.83 59.89 1.66 10.45 16.55 3.55 76.35 26.10 265.08 113.32 433.13 118.39 848.60 224.04 2201.94 2105.01 0.25 5.08
PS7-13 3.67 35.52 1.07 7.88 8.07 2.16 32.62 13.56 143.23 62.45 24456 64.04 440.06 11497 1173.86 111549 0.35 4.27
PS7-14 0.73 17.60 0.46 5.89 13.02 1.39 88.58 32.81 367.63 150.27 543.41 132.26 814.16 196.03 2364.24 2325.15 0.09 7.11
PS7-15 <0.01 32.14 0.03 4.67 9.16 1.12 37.74 13.55 15494 69.14 275.72 78.44 561.03 151.54 1389.22 1342.10 0.16 323.52
PS7-16 323 5894 095 8.65 11.81 2.93 60.76 19.65 223.48 95.75 382.06 104.98 734.95 204.20 1912.34 1825.83 0.27 8.01
PS7-17 0.67 27.16 022 224 3.08 0.69 18.84 7.84 93.17 42.17 180.71 53.00 403.85 117.16 950.80 916.74 0.21 16.96
PS7-18 0.28 26.11 0.07 1.12 3.81 0.57 22.11 7.67 89.64 41.74 167.47 45.71 331.75 8529 82334 791.38 0.15 43.76
PS7-19 5.33 5323 124 827 640 1.40 3532 12.72 147.65 69.46 302.69 8824 672.53 184.18 1588.66 1512.79 0.23 4.82
PS7-20 0.39 840 0.23 2.04 443 0.27 31.69 12.15 140.13 60.76 23534 60.02 400.82 100.70 1057.37 1041.61 0.05 6.61
PS7-21 <0.01 31.88 0.10 1.44 220 0.88 2635 12.19 140.04 64.75 291.32 81.75 618.80 177.17 1448.87 1412.37 0.21 96.27
PS7-22 0.12 58.44 034 244 6.64 1.09 29.52 12.89 158.85 72.42 301.76 83.49 583.99 160.63 1472.62 1403.55 0.20 45.57
PS7-23 <0.01 44.31 0.23 2.88 6.16 1.14 41.86 16.50 186.05 86.38 355.83 95.45 696.36 192.77 172592 1671.20 0.16 58.18
Table 2 LA-ICP-MS zircon U-Pb data of tuffite sample from PIF
Test spot _Isotopic content (ppm) Isotopic ratio Age (Ma)
No. Pb__ Th U ThU *Pb/”Pb 1o Pb”°U__ 16 *“Pb/™U__ 1o *Pb/™Pb 15 *"Pb/U 1 *"Pb/”*U 1o
PS7-1  56.85 931.55 175991 0.53 0.0557  0.0039  0.1530 0.0103 0.0199 0.0004 443 156 145 9 127 3
PS7-2  41.89 534.00 1442.85 0.37 0.0489  0.0032 0.1357 0.0088 0.0199 0.0003 146 154 129 8 127 2
PS7-3  15.06 255.85 518.28 0.49 0.0443 0.0049 0.1146  0.0101  0.0190  0.0005 87 348 110 9 121 3
PS7-4  15.50 300.28 437.75 0.69 0.0445 0.0053  0.1242  0.0129 0.0204 0.0006 35 293 119 12 130 4
PS7-5 1594 433.33 465.63 0.93 0.0476  0.0044 0.1238 0.0096 0.0191  0.0004 80 207 119 9 122 3
PS7-6  41.69 411.86 1376.50 0.30 0.0445 0.0029  0.1327 0.0079 0.0218  0.0004 32 137 127 7 139 2
PS7-7  17.76 391.12 53295 0.73 0.0465 0.0045 0.1278 0.0113  0.0201  0.0005 33 209 122 10 128 3
PS7-8  12.85 22832 449.76 0.51 0.0494  0.0054 0.1204 0.0103 0.0188  0.0005 165 302 115 9 120 3
PS7-9 1493 276.95 521.74 0.53 0.0513 0.0052  0.1372  0.0121  0.0194  0.0005 254 39 131 11 124 3
PS7-10  63.38 779.72 2114.43 0.37 0.0470  0.0027 0.1415 0.0079 0.0217  0.0003 50 133 134 7 138 2
PS7-11 11.45 22448 368.17 0.61 0.0461 0.0048 0.1280 0.0113  0.0200  0.0005 400 -165 122 10 128 3
PS7-12 2456 46791 835.73 0.56 0.0497  0.0042 0.1327 0.0102 0.0196 0.0006 189 180 127 9 125 4
PS7-13  12.37 310.61 39596 0.78 0.0501 0.0054 0.1318 0.0120 0.0194  0.0005 198 230 126 11 124 3
PS7-14 17.27 357.77 572.68 0.62 0.0447  0.0038 0.1162 0.0086 0.0192  0.0004 13 200 112 8 123 2
PS7-15 841 215.54 23898 0.90 0.0491 0.0068 0.1301 0.0152  0.0203  0.0006 150 306 124 14 130 4
PS7-16 13.85 383.56 468.97 0.82 0.0454  0.0078 0.1177 0.0209 0.0188  0.0007 48 256 113 19 120 4
PS7-17 11.41 330.76 34824 0.95 0.0468  0.0056 0.1230 0.0118 0.0201  0.0007 35 267 118 11 128 4
PS7-18 2490 921.38 700.60 1.32 0.0493 0.0040  0.1321  0.0100 0.0198  0.0005 165 178 126 9 126 3
PS7-19 13.22 264.93 443.77 0.60 0.0471 0.0060 0.1332  0.0141  0.0214  0.0006 54 291 127 13 137 4
PS7-20 20.22 285.66 637.79 0.45 0.0531 0.0043  0.1579 0.0125  0.0215  0.0005 332 153 149 11 137 3
PS7-21 21.42 55822 663.98 0.84 0.0487  0.0041 0.1295 0.0108 0.0191 0.0004 200 124 124 10 122 3
PS7-22  10.73 301.17 284.89 1.06 0.0520  0.0091 0.1506  0.0227  0.0202 0.0008 287 356 142 20 129 5
PS7-23 23.21 638.71 708.45 0.90 0.0506  0.0038 0.1402 0.0096 0.0200 0.0004 233 174 133 9 128 2
Baihedong, Sanshui and the Dalangshan Formations in Therefore, the dated age of the tuffite can be used to

eastern Guangdong Province, and thought that the PIF
should be Upper Cretaceous (Lai et al., 1996; Owen, 2000;
Sewell et al., 2000; Li Xiaochi, 2012; Tang et al., 2014).
In a word, the stratigraphic age of the PIF in current
studies is constrained by the lithology and the stratigraphic
correlation with neighboring equivalent strata.

Field investigation of this study showed that the 2.7m
tuffite interlayer extends steadily along the strike. The
zircon grains in the tuffite sample are euhedral or
subhedral and hardly have been rounded, which means
that the tuffite was almost a direct deposition of volcanic
ash fall and there was little or no transportation involved.

constrain the formation time of the PIF. A zircon U-Pb age
of 128.242.7 Ma of the tuffite was obtained by LA-ICP-
MS method, it is the first time a precise and reliable
chronological evidence of PIF was obtained. As
mentioned above, the tuffite interlayer is situated in the
Middle member of the PIF, we speculated that the PIF was
still under the deposition process in middle Early
Cretaceous according to the stratigraphic chart of China
(Yao Jianxin et al., 2016). Recently, several scholars
studied the unique rock layer, 0.8m in thickness, of the
Ping Chau Formation which is the overlying stratum of the
PIF, and found that the lithology of the rock layer was
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rhyolitic tuff instead of flint or silicalite. They obtained an
age of Early Cretaceous for the rock layer and thought the
Ping Chau Formation was formed in Early Cretaceous
other than Paleogene (Wang Lulin et al., 2018). Though
whether the contact relationship between Ping Chau
Formation and the PIF is conformity or not remains
controversial (Lai et al., 1996; Li Zuoming et al., 1997; Li
Xiaochi, 2012), the depositional age of Ping Chau
Formation is later than that of the PIF is widely accepted,
thus we suggested that the PIF deposition ended in Early
Cretaceous. Furthermore, it is universally acknowledged
that the Long Harbor Formation, underlying stratum of the
PIF, was formed in Early Cretaceous (Davis et al., 1997,
Sewell et al., 2000; Campbell et al., 2007; Sewell et al.,
2012a, b; Zhao Longlong et al., 2017).

To sum up, based on the age of the tuffite found in the
PIF and the stratigraphic sequence relation, we proposed
that the depositional age of the PIF is Early Cretaceous
instead of the Late Cretaceous. Thus, much of the
knowledge of the stratigraphic sequence and geological
evolution in Hong Kong require further study and
revision.

5.2 Volcanic activities in Southeastern China

Previous studies divided the Mesozoic magmatism of
Hong Kong into four main episodes, from the Middle
Jurassic (J,) to the Early Cretaceous (K;): 164-160 Ma,
148-146 Ma, 144-142 Ma and 141-140 Ma (Campbell and
Sewell, 1997; Davis et al., 1997; Sewell et al., 2000,
2012a, b; Campbell et al., 2007; Li et al., 2014) (Table 3).
Corresponding to the four magmatic episodes are four
volcanic groups and coeval granitoid suites (Sewell et al.,
2012a, b; Tang et al., 2014; Zhao Longlong et al., 2017)
(Table 3). In general, igneous rocks of the four episodes
have a zonal distribution of older ones at the northwest and
younger ones at the southeast. This pattern is consistent
with the other igneous rocks of the same period along the
coast of Southeast China (Wang Dezi et al., 2000; Li et al.,
2012; Liet al., 2014; Zhao Longlong et al., 2017).

Regional outcrop feature of the tuffite, product of
pyroclastic deposition, is the direct evidence of the
intermittent volcanic eruptions (Chen Shuwang et al.,
2001). The discovery of the tuffite interlayer in PIF and its
isotopic dating provide new information for the study of
volcanic activities in Hong Kong as well as in Southeast
China.

There are two explanations for the petrogenesis of the
tuffite interlayer in this study: (1) that in ca. 128 Ma, there
has been a small-scale volcanic eruption in Hong Kong,
and according to the younging trend from inland to coastal
of magmatism in Hong Kong and in Southeast China, we
presumed that the volcanic eruption most likely occurred
in Mirs Bay, or (2) that there was no volcanic activity in
Hong Kong at that time, and the volcanic ash of the tuffite
in PIF originated from the remote region outside Hong
Kong such as the eastern Guangdong or Mirs Peninsula in
Shenzhen. Volcanic ash of volcanic eruption floated and
fell to the Port Island which was an aquatic environment at
that time and formed the tuffite layer.

Boreholes and seismic data show that the PIF is
widespread over most of Mirs Bay and extends eastward
to Xiasha in Shenzhen on the east of Mirs Bay, forming a
gentle synclinal basin of 24 km long and 13 km wide with
a maximum thickness of 1200 m (Lai et al., 1996) (Fig. 6).
In addition, so far, there are no reports on the occurrence
of volcanic activity later than 140 Ma in the mainland of
Hong Kong. Thus it can be considered that the volcanic
activity was unlikely to occur in the Mirs Bay area during
the deposition of the PIF. Li Zhaonai et al. (2003)
proposed that the Late Jurassic to Early Cretaceous was
the heyday of Mesozoic magmatism in Southeast China
during 155-125 Ma, and the magmatism at the south
margin of eastern Guangdong started earlier and lasted
longer than eastern Fujian and Zhejiang. The U-Pb age
obtained in this study is exactly fall within this period. The
Mesozoic volcanic strata distribution area in Shenzhen is
an important part of the volcanic belt in Southeast China,
and the Mirs Peninsula, across the Mirs Bay from Port

Table 3 Summary of Middle Jurassic to Early Cretaceous volcanic-plutonic associations in Hong Kong®

Magmatic Volcanic group Granitic suite Age®
episode Name Main distribution Name Main distribution (Ma)
. Central and W New
1 Tsuen Wan Volcanic Group (TWVG) NE and .NW New Lamma Suite (LS): A-‘type Territories, Lamma and ~ 164—-160
Territories Subsuite, I-type Subsuite
Lantau
2 Lantau Volcanic Group (LVG) Central and W Lantau Kwai Chung Suite (KCS) £ Lat;:iiizgessl\]ew 148-146
Repulse Bay Volcanic Group (RBVG):
3 Rhyolitic Subgroup (R), Trachytic S Hong Kong, N Cheung Chau Suite (CCS) Wilantauand SNew 1)
Kowloon and Sai Kung Territories
Subgroup (T)
Lion Rock Suite (LRS): Granite N Hone Kone. Kowloon

4 Kau Sai Chau Volcanic Group (KSCVG) E New Territories Subsuite (G), Quartz Monzonite S & 141-140

Subsuite (M) and E Lamma

Note: a. After Sewell et al. (2012b); b. Based on high precision U-Pb ages (after Davis et al., 1997; Campbell et al., 2007; Sewell et al., 2012a, b; Zhao

Longlong et al., 2017).
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Fig. 6. Geological cross-section of the Sedimentary basin in Mirs Bay (after Lai et al., 1996).

Island, is a representative section of the Jurassic-
Cretaceous volcanic strata in Southeast China (Mei Cun et
al., 2011). Volcanic ash produced by the volcanic
eruptions in Shenzhen may provide abundant materials for
the formation of the tuffite interlayer of the PIF.

In the meantime, according to the morphological
characteristics of the zircon grains picked from the tuffite
sample, enhedral or subhedral and hardly have been
rounded, we speculated that the tuffite is original and it
was a direct deposition of volcanic ash fall.

Given the above, we estimated that no volcanic
activities occurred in Hong Kong during the period of ca.
128 Ma. The tuffite interlayer discovered in PIF was
formed by the deposition of volcanic ash, which was
produced by volcanic eruption in remote region outside
Hong Kong, transported by wind, and fell into the aquatic
environment of Port Island. As an important record of a
geological event, the tuffite interlayer revealed a volcanic
activity in Early Cretaceous and provided new information
for the research on the chronology of volcanic activity in

Southeast China.
6 Conclusions

This study has a breakthrough discovery of a tuffite
interlayer of the PIF in northeastern Hong Kong. After
conducting zircon U-Pb dating to a tuffite sample, we
reached the following conclusion:

(1) Zircon U-Pb dating of the tuffite interlayer of the
PIF yielded an age of 128.2+2.7 Ma. Combined the dated
age with the stratigraphic sequence analysis, we concluded
that the PIF was formed in Early Cretaceous. It is the first
time the depositional age of PIF has been accurately dated.
This progress has a great significance to the studies of
establishment and regional correlation of the stratigraphic
sequence and the geological evolution of Hong Kong.

(2) Based on previous studies on volcanic activities in
Hong Kong and Southeast China and distribution of the
PIF in Mirs Bay, we deduced that there was no volcanic
activity in Hong Kong in ca. 128 Ma. However, the
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regional outcrop of the tuffite interlayer is new evidence
and provided hints for the research of volcanism
chronology in Southeast China in Early Cretaceous.

(3) According to the distribution of the PIF in Mirs Bay
and the Cretaceous volcanic activities in Southeast China,
we put forward that the tuffite interlayer discovered in PIF
was formed by the deposition of volcanic ash in an aquatic
environment on the Port Island. The volcanic ash might
originate from volcanic eruption in remote region outside
Hong Kong, such as the eastern Guangdong or Mirs
Peninsula.
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