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Fig. 1 Schematic drawing of micro-sampling apparatus
(a) and drill tip used in drilling hard minerals

(b) (modified after Haycock, 1931).
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Fig. 2 Schematic drawing of a micro-sampling method
for coral (adopted from Suzuki and Kawahata,
2004). This technique was originally developed
by Gagan et al. (1994). The system is composed
of a milling machine and X-Y positioning table.
Micro-samples (at least 100 ym thick) are shaved
by a drill bit in a continuous several centimeter-
long trip.

(ITRBRA IR e 2 1) R S 7278, K& <2200
IR SN2 7, HB 2 BRI S 5 4
ERHBHOT, WTRERE IO YTV THDLZ
DT E R Y, HEIRBUNG R AT AR L
=y T HOEEEL . iz, Hik HrIE
M, $EFLO, EANEW R EIEAD SIS R - Rk
HERE X3 LD MY 2R ER 2 F2o b TR
O, HMMAHEHELTHD AT 2RO~ 1
yuat 7)) T, BEIIEHN E T 2 EIRH
DRI AL OFBAL S MR ISR ShTLEH 2
T S,

2.3 SZEMOREDONIoO0ZIUVT

D& N T ER T D BN b IS
TEL<Arayr 7Y vy e LTied 220 - I
B REEA S VW OIE, I 0¥ o — 7 HIE S o
E—F—BREAT—VEH A s3I v rE
\2&X %) TH %o Dettman and Lohman (1993) i3,
3l (XYZH) DAF v ¥ 7 E—yBHOWHR 7 —
TNE, FOERFIMETS LD EEL TRE SN
EHEEH YL, 2 L CHBERA 2 BT 5720 0%
RFMEP SR SNE< 4 7 a0 I VEBRZHE LT
(Fig. 3a; Dettman and Lohmann, 1995), ¥ 3 4UH]
WME (2 TIRTHMA) OFEZIGLZOLFE L
D ERNR - 72N % 7Y 5 M3 5 (Fig. 3b)o



102 Yo I

(a) =)
Fixed
' / Dril
7 Sample
=
e
Binocular
Microscope I W

Computer
Control

Driver

Stepper
Motor _/

Millimeters

0.0|l111lr|.7|.r|.
0.0 1.0 2.0

Millimeters

Fig. 3 Microdrill assembly (modified after Dettman and Lohmann, 1995). (a) Schematic diagram of
microdrill. (b) Digitizing the coordinates of drilling paths along the growth bands of bivalve.
The actual coordinates for drilling is determined based on the drilling coordinates on the photo-
graph of bivalve. Thick lines are digitized curves, which follow visible growth bands on a the
section. Fine lines are interpolated curves, which maintain equal spacing between any two adja-
cent digitized curves. The interpolated curves respond to variations in growth rate at any point
along a curve (Dettman and Lohmann, 1993, 1995).
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Fig. 4 Examples of micromilling technique developed by Sakai (2009) (Geomill 326 website: http:/
2326.com/). (a—c) Accretionary growth banding analyses of the fossil of cold-water coral Lophelia
pertusa. A special software is used to set the coordinates of the growth line along which milling
will take place (a), then start milling for each growth line (b). 23 samples were taken from
1.8-mm-thick accretionary growth. There is a general decreasing trend in both 60 and §"C
from exterior to the interior of the calyx, which related to the isotopic equilibrium part with sea-
water and the metabolic fractionation zones (c). (d) Tests of the benthic foraminifer Pyrgo spp.
is milled in a chamber on micrometer scale without mixing with adjacent areas. (e) 1 mm thick
plate of Ti-Fe alloy is milled as a whole soaked in kerosene. Gemill326, thus, is a powerful tool

for various geochemical materials.
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Fig. 5 Tawara coral (Porites lutea) oxygen isotope time

series (modified after Quinn et al., 1996), sam-
pled (a) monthly, (b) bimonthly, (c¢) quarterly,
and (d) twice yearly. The signal characters of the
monthly record are well preserved in the bi-
monthly and quarterly records.
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Fig. 6 Comparison of carbon and oxygen isotope data
obtained by micromilling (100 ym resolution) and
by laser ablation (338 ym resolution) of flowstone
(modified after Spétl and Mattey, 2006). The
overall consistency of the results is high. Although
the laser abration involves slightly lower preci-
sion than the micromilling, its rapid acquisition
renders laser ablation a useful reconnaissance
technique for analyzing long sections of speleo-
thems.
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Fig. 7 Recovery procedure of milled samples (modified after Charlier et al., 2006). (a) New Wave In-
struments™ Micromill™. (b) Milling of the sample surface taking place within the droplet of
Milli-Q water, constrained by the lab film. (c¢) Transferal of the sample slurry from the sample
surface directly to the digestion vessel using a micropipette.
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Fig. 8 Structure and handling procedure of the appara-
tus for recovering powder sample for isotope
analysis (modified after Sakai and Kodan, 2011).
The cap of the glass vial is screwed down (a) un-
til the bottom of the electric conductive rubber
touches the inside of the vial (b). Thereby, an
airtight space is made at the bottom of the vial
(c). Powder from suction mouth is transported to
the airtight space with the air, and the sintering
metal filter (c) prevents the sample loss through
the evacuation tube.
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Micro-sampling techniques in geochemistry are indispensable in analysis of the elemental
and isotopic composition of geochemical materials, which improves the spatial resolution of
sample collection for analysis. Techniques of physical sample separation on micrometer scale,
so-called micromilling, have been developed as a useful tool for micro-sampling, together with
the laser ablation techniques. Micromilling is equivalent to or better than the laser ablation in
terms of the spatial resolution, and avoids the chemical alternation, isotopic fractionation and
interference of organic matter that have often reported during the laser ablating. The latest
micromilling equipment is able to collect micro-samples of irregular geometry. Improvement
was also seen in the recovery ratio of the milled sample, which is one of the problems regarding
micromilling techniques. Technological innovations in the physical micro-sampling will expand
the application of high-resolution geochemistry.

Key words: Micro-sampling, Micro-region, High-precision micromill technique, Micro-powder
collecting technique



