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Abstract

Sediments recovered from crime scenes, suspects, and victims are crucial evidence in linking individuals to a crime. Coastal sand is one such type
of evidence but presents unique challenges compared to soil. The grains of coastal sand are constantly moved and rubbed against each other by
waves. This movement also sorts the grains by size and weight, and removes surface coatings like organic matter and iron oxide. As a result, some
common forensic soil comparison methods, such as color examination and the ratio of light to heavy minerals, are less applicable to coastal sand
samples. However, heavy mineral assemblages may serve as a useful indicator for distinguishing these sand samples, despite the effects of mineral
sorting. This study examines the necessary sample sizes to estimate the ratios of minerals in the pyroxene group. The coastal sand samples analyzed
predominantly contain heavy minerals from the pyroxene group. Using SEM-EDX analysis, the minerals are classified as orthopyroxene (Opx),
clinopyroxene (Cpx), ilmenite, and magnetite. The ratio of Opx to Cpx in 50 to 70 pyroxene grains is sufficient to characterize the sampling sites.

SEM-EDX provides more objective and reliable results in mineral identification than traditional microscope observations, reducing examiner bias

and dependence on skill level.
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Sampling localities. (a) Sampling localities plotted on the GSI map of Japan. (Geospatial Information Authority of Japan) . (b)—(f) Detailed
sampling localities are plotted on geological maps (Geological Survey of Japan). Legend was modified from legendMatrix_ja.xls provide by
the Geological Survey of Japan. U: Upper, M: Middle, L: Lower, VIC: Valley floor, intermountain basin, river and coastal plain, sst: sandstone,
mdst: mudstone, Alt sst and mdst/sst & mdst: Alternation of sandstone & mudstone or sandstone & mudstone, Ba: Basalt or basaltic, An:
Andesite, Pyro: Pyroclastic rocks, Intr: Intrusive rocks
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Fig. 2 An example of the analytical procedure using SEM-EDX, Sample C. (a) Areas are indicated by circles on the scanned image of the thin section.
Red circles represent areas for Trials 1, 3, and 5, while blue circles indicate areas for Trials 2 and 4. The analysis began in the upper left of the

thin section and followed the arrows. (b) Backscattered electron images of the circled “Areas” taken at 30x magnification using SEM. Orange

squares are showing positions enlarged for analyses at 100x magnification (c). The scale bars are approximately 500 and 600 pm respectively in

images (b) and (c). The center of every particle was analyzed as shown in (c) and bright inclusions whose diameters were about 10 um or above.

Table 1 Common chemical formula of minerals described in Deer et al.
(1992). Chemical formula of clinopyroxene is represented by

that of augite.

Mineral Chemical formula
Clinopyroxene (Ca, Mg, Fe, A1) ,Si,04
Orthopyroxene (Mg, Fe) ,Si 506

[Imenite FeTiO;

Magnetite Fes04

PO H D FEA - HER, 1954). Sample B (ZAbiEE K
FETTOEILOVWITAE T 5 HOEOW T, WEICZ DT
DEFER L OE ETHERIEIE S LT e BRI - EAA,
1969). Sample C [LH AR ZRW LI E DW= T, <
LI IERE AL I AR TH D B EITBAT L TN 2RISR
W3d 2 (S, 1975). ARSI EIE L A AT
Lz eRmbnTisy, FREATHFIA (Sample D),
BILOZOIIFIEZEEICY 7= 5 ke FE o k] 3¢

(Sample E) DFEL 2 WL LA EF 1T o 7o fif & LT
Mz, F7, TERRST O IBERFETC S W ERFER A3 5 &
NTHY (IRE, 1960 ; THRHCEHIFEME, 1997), #RfH
Wi 5 CERER U 7= Mg b %2 Sample F & L CfEA L 7.

B LR E HORE 02 mm & 1 mm OfF %
L CHUARBI L, Rif% 0.2 ~1 mm OFE 2 FHUE ) (2024)
DHETRY Z T AT MY o L% W TEIRSEE
L, Goh-EmmEsy 23k e Lic. 30BN IR (kY
DERFIHIETHLUN T 4 v 7 A 2 (A RTIVR)
F 7213 2 Part Epoxy Resin Type 201 (27 > 7)) ZHWT
ATA4 RHTZRZEEL, BB E L TRFERELT

SEM-EDX (SEM : HA®E T JSM-6610LV, EDX : & v 7
AT F—RA ARy A Y XMAX) X0 9247
STz SN SRHEIFEZE R CANEEIE 20 kV, B — A% 50 (4
REGOMENOME) TTA T XA LI 100 £721F 60 B
&L, EDX 7T Y 7 b7 =7 INCA O aHiEEIl & %
NTNWDT 7 U B ARG A= ZIETERBEE.
SEM 12 X 2 BEE T TR EBE B, (BED) TITV, 30 1%
TES L7ZEHRICE £ 5 273 L O% 10 um DL ok
EoBEmWEREAEY, T7bb Fe 2 CEWLEE EHRS
ETBHEEZONDEME 100 EORE THER L7225 R
AlE LTTRTHOHLI=0h, irdifki o 7o S 12 e
T D & FARINER 5§ 5 &\ 5 Kk Tt -7z (Fig
2). 7o, ARTIE, ZHbmiTktg L Lichi+B KO
WEAAW E IR 755 LIRS, F72E R LICO TR L
3% Area EIECY, Z D Area I BEI @ 30 £ DE & % Bifs
L7785y EIRIER—CTHD. TDOEE, 20 Area IZE =M
L E LR T REHE L TOMEN VWIS ICHEE L.
IIMTDOFRERNS, I T BEH 5 %L EE T Px & BHAE
£ (Cpx), TN TFTObLOEE A (Opx), £, T4
Y ERI30 %Ll E&ETe Fe-O # A /L A+ A b (Ilm), ZiLh
T Db O &R (Mgt) LML, S O—RI 721k
AR & Table 1 (27”9, SEM-EDX O & Eff B h b IERER
T EHEET HOIXRETH D Z Ennd, SWAIEH <
ECTHEEMN R THD.

FEBRIT, RICEEMBER R CTHEAHEAL Y Fe-O NZ W E
# Z b iz Sample C I 2W T, Px B X WM Fe-0 D& A INGE
ZiHET 2 B W CHLRL % O BT SO E)S 100 il % 88 %
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Fig. 3 Bar graphs of mineral ratios of Sample C by area. Alphabets of horizontal axes indicate the analyzed area. (a), (b), and (c) show the results of
Trials 1, 3, and 5 from Examination 1, respectively. (d) and (e) show the results of Trials 2 and 4 from Examination 2.
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Bar graphs showing the ratios obtained by adding numbers
in the order of analysis of Sample C. (a), (b), and (c) show
the results of Trials 1, 3, and 5 from Examination 1,

Fig. 4

respectively. (d) shows the combined results of Trials 1, 3,
and 5. (e) and (f) show the results of Trials 2 and 4 from
Examination 2. Horizontal axes indicate the number of
areas accumulated. Trial 4 did not reach 50 grains but figure
4 (f) indicate that as the number increases, the ratio is
approaching convergence. Dotted lines show the area that

the area containing the 50th analyzed grains.
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Table2 Number of grains and areas analyzed using SEM-EDX Table 3 Average values and standard deviations from 10 randomly repeated
in this study. Number of grains in trial 4 used for calculations of Cpx/(Cpx+Opx) using 30, 50, and 70 grains.
examination 2 is smaller than 50 because some grains -

Number of grains 20 50 70 All
were not suitable for close analysis of the result. calculated
Cpx: Clinopyroxene, Opx: Orthopyroxene, Average Std. dev. Average Std. dev. Average Std. dev.
. . . . Sample A 0. 36 0.090 0. 36 0.037 0.37 0.039 0.37
Ilm: limenite, Mgt: Magnetite Sample B 0.5 0032 014 003 013 0020 013
Samp| Trial Minerals A Sample C trial 1 0.28 0.053 0.29 0.028 0.31 0.023 0.29
ample  Iria Cox Opx Ilm Mgt ''e@s trial 3 027  0.073 030 004 0.3 0016 030
A 37 65 29 133 15 trial 5 0.34 0.135 0.32 0.036 0.32 0.033 0.33
B 13 88 2 49 8 Sample D 0.35 0. 086 0.30 0. 055 0.33 0.036 0.31
1 25 55 10 7 6 Sample E 0.28 0.039 0.26 0.032 0.29 0.036 0.27
2 I N T Sample F 0.2 0063 030  0.044 032 0022 0.3
C 3 29 67 6 1 5
4 - - 19 27 9
5 30 61 1 5 5
D 34 15 32 34 13 10
E 8 75 3 54 14 : I I I n lllIHIIIIIIIII
F 31 69 1 24 8
Cpx: Clinopyroxene, Opx: Orthopyroxene
[lm: Tlmenite, Mgt: Magnetite o
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0.0 {E} : Fig. 6 Bar graphs of the results of Examination 3 on Fe-O minerals.
) 1 2345678 preg (a) Ratio of Fe-O mineral ratios in Sample A by area. (b)—(f)

Cumulative plots of Fe-O mineral ratios: (b) Sample A, (c)

Fig. 5 Bar graphs showing the ratios obtained by adding numbers in
the order of analysis from the results of Examination 3 on Px
minerals. Horizontal axes indicate the number of areas
accumulated. (a) Sample A, (b) Sample B, (c) Sample D, (d)
Sample E, and (d) Sample F. Dotted lines show the area that
the area containing the 50th analyzed grains.
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272 TWnAH LI THD. ZOMMILFig. 5 TRT LD
|2, Examination3 TH &b 59, Px & 100 FHIE L7725

L, PREBRDH7-0 THEOMHAMEETE I DL

Sample B, (d) Sample D, (¢) Sample E, and (f) Sample F. The
first two areas of Sample F did not include any Fe-O minerals.
Dotted lines show the area that the area containing the 50th
analyzed grains. Horizontal axes indicate (a) the area in
alphabets and (b) — (f) the number of areas accumulated in

numeral respectively.
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