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Abstract

A well preserved terrestrial Cretaceous succession outcrops in Shandong
Province. Although previous studies have conducted much work on the
geochronology, subdivision of stratigraphic units, regional correlation and
paleontology, high controversies remain about geochronology, subdivision
of stratigraphic units and sedimentology. Here, we report a synthesized
study of the Cretaceous successions and stratigraphy in Shandong based on
the new results. Accordingly, reconstruction of framework of the Cretaceous
stratigraphy in Shandong is summarized as, in descending order, the Men-
gyin Group of the Jurassic/Cretaceous transition, the Lower Cretaceous
Laiyang Group, Qingshan Group, Dasheng Group and the Upper Cretaceous
Wangshi Group.
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Terrestrial Cretaceous in Shandong Province is, in ascending order, the Mengyin
Group of the Jurassic/Cretaceous transition, the Lower Cretaceous Laiyang,
Qingshan, Dasheng groups and the Upper Cretaceous Wangshi Group. The
Mengyin Group consists of the lower Santai Fm and the upper Fenshuiling Fm.
The former is mainly eolian deposits of the purple red sandstone with giant in-
clined beddings and interbedded interdune fluvial conglomerates [1], which
yields the youngest detrital zircons of 164 - 146 Ma [2], suggesting its age of the
earliest Cretaceous. The Fenshuiling Fm is chiefly composed of calcareous silt-
stone with intercalations of tuffs or tuffaceous siltstones and sandstones. Sauro-
poda dinosaur tracks are present within the Santai Fm [3] and particularly both
skeleton fossils and foot prints of Euhelopus zdanski [4] are well preserved in the

Fenshuiling Fm. The Lower Cretaceous Laiyang Group, being estimated of an
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age interval of 132 - 124 Ma dated by interbedded tuffs and volcanics, is com-
posed of the fluvial conglomerates on the bottom with an unconformity sepa-
rating the underlying Precambrian basement, the middle lacustrine siltstone and
shale, indicating vast lacustrine expanding and fluvial sandstones and conglo-
merates in the top, implying the evolution end of lacustrine basin of the Laiyang
Group age. A spectacularly soft sediment deformation occurred within the mid-
dle Laiyang Group in Lingshan island, Qingdao. It is very important yet that
vertebrate tracks including dinosaur, bird, turtle and pterosaur and invertebrate
traces are very common in the middle-upper Laiyang Group [1] [5] [6] except
for plenty of fish and insect fossils in lacustrine sediments of the Shuinan Fm in
the middle Laiyang Group. One of the quarries of the middle-upper Laiyang
Group displays spectacular dinosaur tracks, including tens of giant Sauropoda
tracks and thousands of Theropoda foot prints and tracks [7] [8], indicating a
favorable palaeoecology environment at that time. The Qingshan Group with an
age interval of 124 - 118 Ma is located between the underlying Laiyang Group
and the overlying Dasheng Group and a series of intermediate and acid volcanic
interbedded fluvial sediments formed in rift basins. The Dasheng Group with
the oldest age of 118 Ma and the youngest age estimated as 99.5 Ma is the ter-
minal units of the Lower Cretaceous and dominantly calcareous mudstone and
the fluvial sandstones and conglomerates in the bottom. There are a lot of sedi-
mentary structures formed in arid, hot and shallow lacustrine environment as
ripples, cracks, salt and gypsum pseudos casts in the Dasheng Group. In addi-
tion, a lot of vertebrate tracks of giant Sauropoda and Theropoda, particularly
well-preserved bird footprints are widely and well preserved in lacustrine sedi-
ments of the Dasheng Group [3] [5] [9]. The Wangshi Group consists of the
lower Hongtuya Fm of the Upper Cretaceous and the upper Jiaozhou Fm of a
K/T transition age. The former consists mainly of purple red and cyclic deposits
of fluvial sandstone and conglomerates, indicating a warmer and arid
palaeoclimate environment. The Jiaozhou Fm consists chiefly of gray-green
fluvial and shallow lacustrine deposits implying a reduced arid and hot setting. A
diabase sill of (Ar-Ar) 73.2 Ma age [10] separates the lower and middle of the
Hongtuya Fm. In addition the Jiaozhou Fm shows signs of the potential K/T
boundary in term of positive gammar anomaly [11] and possible impact glass
balls (Master dissertation, Ding Chong, 2016), there are at least three horizons of
mass death of dinosaurs on the bottom of the Hongtuya Fm, e.g., one of the
quarries of dinosaur fossils in Zhucheng displays ten thousands of dinosaur
bone fossils in the bottom bonebed [1]. In the meantime, five horizons with
mass burials of both dinosaur bones and egg fossils were present within the up-
per Hongtuya Fm [12], which records a co-evolution between dinosaur extinc-
tion and environmental change. In perspective of palaeoclimate, all palynologi-
cal assemblages within the Cretaceous successions show that palaeoclimate
changed periodically from hot and arid to subarid and semihumid in tropical to

subtropical zones. But an extreme drought and hot palaeoclimate in the Late
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Cretaceous supposed by palynological assemblages may be responsible for the

extinction event on the K/T boundary [13].
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