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1 Introduction 
 
The origin of angiosperms, which was considered ñan 
abominable mysteryò, has always been a scientific 
problem puzzling many scientists since C. Darwin (Buggs, 
2017). The relationship between the living angiosperms 
and gymnosperms is still unclear (Silvestro et al., 2021). 
Corystosperms, an extinct seed plant group, originating 
from the Permian in the palaeotropics, were most diverse 
and widely distributed during the Middle to Late Triassic 
in mid- to high-latitudinal settings in Gondwana 
(Retallack, 1977; Anderson and Anderson, 1983, 2003; 
McLoughlin et al., 2008; Bomfleur and Kerb, 2010; 
Pattemore, 2016; Abu Hamad et al., 2019; Anderson et al., 
2019a, b, 2020; Blomenkemper et al., 2020). According to 
a recent study, an Early Cretaceous corystosperm 
reproductive organ from northeastern China was assigned 
to the angiophytes (Shi et al., 2021), since its recurved 
cupules were fundamentally comparable, and structurally 
consistent with the bitegmic anatropous ovules of 
angiosperms, which  is helpful for resolving the long-
standing question of the origin of angiosperms (Shi et al., 
2021). More fossil evidence is needed to determine 
whether these corystosperms are specialized gymnosperms 
or closer to angiosperms, and how other organs of 
corystosperms (e.g., its wood), evolved towards the new 

lineages. We recently reported a new fossil wood taxon, 
Fengweioxylon sinense Jiang, Tian et Wang, from the 
Jurassic in western Liaoning Province, China, East Asia, 
which represents the first unequivocal record of a 
corystosperm wood in Laurasia and considered as a high 
tall tree (Jiang et al., 2025). In the previous study, 
corystosperms was interpreted as representing a relic 
group of gymnosperms in Jurassic (Jiang et al., 2025). 
However, more information about the phylogenetic 
position of corystosperms is still not clear. The use of 
reproductive organs of corystosperms alone to reflect the 
evolutionary lineage is insufficient, however wood  
evidence can provide more information.  
An in-situ and nondestructive X-Ray fluorescence 

(XRF) analysis is most currently the ideal way to map the 
chemistry of meter-sized fossils and small samples 
(Bergmann et al., 2010; Wogelius et al., 2011; Pan et al., 
2018; Manning et al., 2019; Li et al., 2020). Up to now, 
systematic non-destructive chemical images on fossil 
wood have not been carried out. In this study, we first 
employed X-ray fluorescence (XRF) fossil analysis to 
investigate elemental adsorption patterns in tree rings. By 
comparing fossil corystosperms plants, sympatric 
gymnosperms from the same stratum, extant 
gymnosperms, and angiosperms, we inferred their 
phylogenetic affinities based on differential elemental 
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sequestration capacities. This methodology marks the first 
application of XRF in petrified wood research for 
reconstructing plant evolutionary relationships. 
However, the palaeoclimate and leaf longevity inferred 
from plant tree rings remain unclear. Additional 
paleoclimate information needs to be provided to 
accurately reflect the actual habitat of this plant species. 
Seasonal variability plays a fundamental role in 
understanding short-term fluctuations, which deepen 
understanding of seasonal variability during the Middle to 
Late Jurassic period offers invaluable insights into the 
broader information of long-term climatic shift.  

 
2 Methods 

 
XRF analysis: The elemental maps of these specimens 
were obtained using the Bruker M4 X-ray fluorescence 
(XRF) scanner which permits scanning with a lateral 
resolution up to 25 ɛm in the National Research Center for 
Geoanalysis in Beijing. Detector type is XF lash 430. 
Window type is Custom. Detector thickness is 0.45. Si 
dead layer is 0.029. Calibration, lin. is 10. Calibration, 
abs. is ī950.1. Mn FWHM is 142.332. Fano factor is 
0.114. Channels are 4096. The X-ray beam is guided to 
the sample through polycapillary focusing optics. 
The specimens were placed horizontally on the table 
and bearing growth rings, then scanned fully of the 
transverse sections. Full area XRF elemental maps of 
Fengweioxylon sinense (specimen number No. CAGS-
FWM-01) (Jiang et al., 2025), other gymnosperms found 
in the same horizon, selected living gymnosperms (Pinus) 
and angiosperms (Fraxinus) are shown in Supplementary 
data.    
The parameter of palaeoclimate we calculated include 
Growth Ring Width (GRW), Annual Sensitivity (AS), 
Mean Sensitivity (MS), Percentage latewood, Percentage 
diminution, Ring Markedness Index and skew of CSDM 
curves. 
Growth Ring Width (GRW) was measured from one 
ring boundary to the adjacent ring boundary. 
The AS and MS were calculated from 11 growth rings 
preserved in the fossil wood. The MS technique was 
developed to quantify the year-to-year variability in 
sequences of GRW (Fritts, 1976). The statistical analysis 
equations are as follows: 

AS = 2Ƚ(Xt + 1 ī Xt)/(Xt + 1 + Xt )Ƚ             (1) 
                   

(2) 

 
where X is the distance between adjacent growth 
interruptions, n is the number of the growth rings in the 

sequence analysed, and t is the year number of each 
increment (Fritts, 1976; Falcon-Lang, 2003). 
The value of MS ranges from 0 to a maximum of 2. An 

arbitrary value of 0.3 is taken to separate ócomplacentô 
trees that grow under a favourable and uniform climate 
(MS Ò 0.3) from those that are ósensitiveô to fluctuating 
climate parameters (MS Ó 0.3) (Fritts, 1976). 
Two different ring boundary markedness parameters 

were calculated from these data: 
Percentage latewood using the method outlined in 

(Creber and Chaloner, 1984), the width of latewood/the 
GRW Ĭ 100. 
Percentage diminution (the percentage reduction in cell 

diameter across the growth increment) (Falcon-Lang, 
2000a). 
Ring Markedness Index (RMI) (percentage diminution Ĭ 

percentage latewood) (Falcon-Lang, 2000a). 
CSDM curve (the cumulative algebraic sum of each 

cellôs deviation from the mean radial cell diameter was 
calculated and plotted as a curve) (Falcon-Lang, 2000b). 
Skew of the CSDM curve (for each ring increment the 

percentage skew of the zenith of the CSDM curve with 
respect to the center of the plot was calculated) (Falcon-
Lang, 2000b). 

 
3 Results and Discussion 
 
3.1 XRF analysis 
XRF analysis of the transverse sections was applied on 

Fengweioxylon sinense, a typical gymnosperm fossil wood 
found in the same horizon, as well as two selected living 
gymnosperms (Pinus) and angiosperms (Fraxinus) via a 
Brucker M4 XRF scanner to reveal the chemistry of these 
specimens to obtain a better understanding of evolutionary 
processes. The XRF imaging of overall elemental 
distribution are in Supplementary data. In figures given by 
XRF analysis, the regions of growth rings can be observed 
and indicate an enrichment of specific elements. XRF 
analysis for 27 major and trace elements is demonstrated 
by different samples (Fig. 1). The similarities and 
differences in the elemental distribution in Fengweioxylon 
were compared with other gymnosperm fossils, living 
gymnosperm and angiosperm wood (Table 1). The 
intensities of Si seem to be relatively high in all the 
sections of fossil wood, this suggest a silicified 
preservation. Sorting of the elements by their main phase 
shows that the growth rings of Fengweioxylon is rich in 
Ge, Fe, Hg, Ca and some REE (e.g., Tb, Dy, Er, Tm). In 
the typical gymnosperm wood from the same horizon, the 
elements of Co, Fe and some REE (Tb, Dy, Er, Tm) are 
rich along the growth ring boundary rather than in the 
immediate surroundings. Then for the two living logs, Fe 

Table 1 Representative elemental distribution of Fengweioxylon sinense, gymnosperms found in the same horizon, 

selected living gymnosperms (Pinus) and angiosperms (Fraxinus) 
 Ge Fe Hg Ca Co Tb Dy Er Tm 

Fengweioxylon Present Present Present Present Absent Present Present Present Present 

Gymnosperms from the same horizon Absent Present Absent Absent Present Present Present Present Present 

Living angiosperm wood Present Present Present Present Present Present Present Present Present 

Living gymnosperm wood Present Absent Present Absent Present Present Present Present Present  
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and Ca remarkably accumulated along the growth rings of 
the angiosperm wood, but not in the gymnosperm wood. 
Other elements such as Ge, Hg, Co and some REE (Tb, 
Dy, Er, Tm) absorbed along the growth rings in both 
gymnosperms and angiosperms. It is proposed that the 
REE (Tb, Dy, Er, Tm) elements might get into the fossil 
wood through soil or by volcanic hydrothermal fluid. The 
accumulation of other elements might be related to the 
secondary xylem growth pattern. It is indicated that 
although the anatomical structures of Jurassic 
Fengweioxylon are definitively classified within 

gymnosperm (Jiang et al., 2025), the XRF results indicate 
that some element adsorption characteristics resemble the 
living angiosperm. 

 
3.2 Statistical analysis of growth rings 
Quantitative analysis of growth rings, including CSDM 

curves and other parameters (Percentage latewood, 
Percentage diminution, and Ring Markedness Index), have 
been proven to be powerful tools in the understanding of 
tree growth and leaf longevity as well as climate and 
environment (Falcon-Lang, 2000a, b). The GRW (Growth 

    
 

Fig. 1. Representative elemental distribution of Fengweioxylon sinense, gymnosperms found in the same horizon, selected living 

gymnosperms (Pinus) and angiosperms (Fraxinus) revealed via XRF imaging. 
1: Light photo of part of Fengweioxylon sinense (CAGS-FWM001). Growth rings of the fossil can be seen, scale bar = 9 mm; 2ï10: XRF detail maps of Ge, 
Fe, Hg, Ca, Co, Tb, Dy, Er, Tm, scale bar = 9 mm; 11: light photo of gymnosperms found in the same horizon, scale bar = 20 mm; 12ï20: XRF detail maps of 
Ge, Fe, Hg, Ca, Co, Tb, Dy, Er, Tm, scale bar = 20 mm; 21: light photo of selected living gymnosperms (Pinus, upper part) and angiosperms (Fraxinus, lower 

part), scale bar = 6 mm; 22ï30: XRF detail maps of Ge, Fe, Hg, Ca, Co, Tb, Dy, Er, Tm, scale bar = 6 mm. 


