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Introduction: An important ~30 Myr interval during the Late 
Triassic is marked by the formation of several large impact 
structures on Earth [1], including the 100-km-diameter Mani-
couagan crater in Canada, which is one of the largest known 
Phanerozoic impacts. Although the age of the Manicouagan 
structure is well constrained by U-Pb dating (~215.5 Ma [2]), 
deposits containing its ejecta are known only from southwestern 
Britain [3]. Here, we report that an Upper Triassic deep-sea de-
posit in Japan contains spherules and Ni-rich spinels that are 
characteristic of impact ejecta. 

Result and discussion: Spherules were discovered from a 
claystone layer (~5 cm thick) in an Upper Triassic radiolarian 
chert succession of the Mino Terrane, Central Japan. The chert 
was deposited at low latitudes on the floor of the ancient Pacific 
Ocean [4]. An analysis of radiolarian fossils reveals that the clay-
stone layer is correlated with the early Norian stage of the Upper 
Triassic. The base of the layer contains 10–15% (by rock volume) 
green spherules. Examination of the basal millimeter of the clay-
stone using a scanning X-ray analytical microscope reveals high 
concentrations of siderophile elements such as Co and Ni. Spher-
ules range in size from 200 to 300 µm. Synchrotron X-ray dif-
fraction analysis [5] indicates that the spherules are composed 
mainly of clinoclore. Electron microprobe analysis shows large 
variations in concentrations of Si, Mg, Al, and Fe among the 
spherules, along with minor amounts of Mn and K. Some spher-
ules contain a high proportion of small, euhedral to subhedral 
crystals of oxidized Ni-rich spinels. These spinels are 5–20 µm in 
size and commonly have dendritic, skeletal, or octahedral mor-
phologies. They are distinguished from typical igneous spinels by 
high contents of NiO (0.7–3.2 wt.%) and Fe3+. These characteris-
tics of the spinel crystals are similar to those of Ni-rich spinels 
found at the Cretaceous–Paleogene boundary. 

The discovery of spherules with Ni-rich spinels in early No-
rian claystone from Japan suggests an important sedimentary re-
cord of an extraterrestrial impact in the Late Triassic. Although the 
Manicouagan impact structure would appear to be related to 
deposition of the claystone, based on an age for the crater of 
~215.5 Ma [2], the chemical composition and mineral assemblage 
of the spherules differ from those of hollow illitic spherules re-
ported from southwestern Britain [3], which are considered to be 
derived from the Manicouagan. Additional research is needed to 
confirm the source for the early Norian claystone layer in Japan, as 
well as to constrain the origin of the clinoclore spherules. 
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