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Various imaging techniques for studying fossils
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2 CT (A) CT (B)
Penumbra of geometric magnification(A) and the relations between spatial resolution and sample size(B)
A. ra. X .b. s C. . D1 .D2 .
R(s) . B. CT . Xradia versa X

s s s .
A. Diagram shows the penumbra fussy in geometric magnification system:a. X-ray tube,b. sample,c. Flat Panel Detector. DI1. Distance be-
tween sample and source,D2. distance between sample and detector, R(s). penumbra area. B. Relations between resolution and sample size.
The resolution decreases rapidly as the sample size increasing in conventional geometric magnification-based micro-CT, while the optical magnifi-

cation can improve the resolution in addition to magnification, e. g. Xradia versa 3D-XRM.
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Scanning parameters of different techniques
X
Energy of X-ray Voltage Power Voxel Projection Exposure time Time cost
Synchrotron 17. 6keV — — 0.56 pm 1800 0.2s 8 min
3D-XRM — 55 kV 5.5 W 0.80 pm 3201 5s 6 hrs
Micro-CT 110 kV 10 W 0. 80 pm 2000 2's 1.5 hrs

3

Comparisons of data quality between conventional micro-CT, 3D-XRM and synchrotron radiation X-ray microtomography

(609 Ma), A—D. CT :A. NIGPAS-WA-B1-E05, ;
B. s ;C. NIGPAS-WA-B4-All, ; D, , o
E—H. X :E—F. (NIGPAS-WA-B2-A01) ;G , s H.
. . I—L. 1. (NIG-
PAS-WA-B2-A02) ;K—L. s . o

The fossils are from the Ediacaran Weng’an biota(609 Ma). A-D. Data obtained by conventional micro-CT:A. NIGPAS-WA-B1-E05,a cala-
bash-shaped polar lobe-forming embryo fossil; B. Virtual section displaying internal structures; C. NIGPAS-WA-B4-A11,a 4-celled embryo fos-
sil;D. Virtual section displaying internal structures. E-H. Data obtained by 3D-RXM. E-F. Surface renderings of NIGPAS-WA-B2-A01,a
cleaving embryo fossil with three cells; G. Virtual section displaying internal yolk granules; H. Transparent pattern displaying the spatial rela-
tions of cells and distribution of yolk granules inside the fossil. I-L.. Data obtained by synchrotron radiation X-ray microtomography: I-J. Sur-
face renderings of NIGPAS-WA-B2-A02,a cleaving embryo fossil with putative polar lobe formation; K-L. Virtual sections displaying internal

structures.
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High-resolution ROI reconstruction of an extant plant segment
A. ,B. ,C—D. ,D “ 7 JE.
JF. , .
A. Plant segment,B. large region reconstruction,C. virtual section of B,displaying internal structures,D. “ROI” marked by a small red {rame,

E. the three-dimensional size of ROI,F. virtual section of “ROI” with high-resolution.
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It
Scanning parameters for the reconstructions of big region and small ROI
Voltage Power Voxel Projection Exposure time Time cost
80 kV 7W 19.327 pm 1 801 2.2s 9. 28 hrs
85 kV 7.5 W 3.375 pm 2 501 2.0s 12.63 hrs
(D X (DD X ( X ,
(D2) ) X X )
, (Dunlop et al. ,2012), 5
, X
o CT C o,
s s
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Arthropod larva trapped in Dominican amber
A. ,B. .

A. Phase-contrast imaging,B. absorption-contrast imaging.
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Parameters of absorption-contrast and phase-contrast imaging modes

D-S S-S
Voltage Power Voxel Exposure time
60 mm 15 mm 10 kV 1 W 1.3494 pm 6's
120 mm 30 mm 40 kV 4 W 1. 3494 pm 6 s
:D-S .S-S .

2.0053 pm( V.

6
A comparison of imaging qualities of different scanning modes for a tubular microfossil from the Ediacaran Weng’an biota
(NIGPAS-TF-A12) . A—C. ,
;D—F. s s .
This figure displays a comparison of data qualities of different imaging modes for the same specimen. A-C. Reconstruction by conventional large
region scan:A. surface rendering,B. virtual section,C. close-up view of left up part of B. D-F. Reconstruction by high-resolution scan:D. sur-

face rendering, E. virtual section,F. close-up view of left up part of B.
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Scanning parameters for a tubular microfossil
Voltage Power Voxel Projection Objective Exposure time
50 kV 4 W 2.0053 pm 3601 0.4 X 1.5 s
50 kV 14 W 0.5229 pm 3601 4 X 18 s
s s
P s N N
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6 s
12 CT .
Vo, X . , X
s s s
s ; s
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CT . ( B), ,
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A.

A. Surface rendering showing the size and shape of the rock piece. Note the sponge spicules on the surface;B. Transparent mode showing dis-

o

Three-dimensional reconstruction of a flat piece of black shale

;B.

7

;C—D.

tribution of sponge spicules inside the rock; C-D. Virtual sections showing sponge spicules with different sizes and morphologies.
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Abstract

Among imaging techniques for paleontology.
computed tomography (CT) is an unparallel one
conventional

when comparing to optical and

electronic imaging methods, because it can
reconstruct both external and internal structures of
fossils without destroying them. As a powerful
non-destructive three-dimensional imaging
technique, CT is widely used in paleontological
community recent years. Here, we introduce a
new micro-CT technique, three-dimensional X-ray

( 3D-XRM ).

conventional micro-CT characterized by geometric

microscopy Different from the

magnification and absorption contrast, this new

technique has four merits: (1) it can provide

micron to sub-micron spatial resolution due to a
CCD-based optical system; (2) it can reconstruct
centimeter-to millimeter-sized specimens with low-
7 materials using propagation phase contrast
imaging mode; (3) based on the new architecture
and specific algorithms, the system has a “zoonmrin

function” which can precisely reconstruct any

“region of interests (ROIs)” located inside a
comparatively large specimen with micron to sub-
micron resolution; (4) contrary to conventional
micro-CT, this new system can reconstruct small
size high aspect-ratio flat specimens ( width <C
10 cm ) and with high

resolution. Owing to the merits, 3D-XRM can

tubular microfossils
provide high quality reconstructions for millimeter-
to centimeter-sized fossils with three-dimensional

preservation.



