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Archaeomagentic database of Japan: new data and problems

# Tadahiro Hatakeyama[1]
[1] IPC, Okayama University of Science

http://mag.center.ous.ac.jp/

Archaeomagnetism in Japan started in 1940s and has been developed during 1960s and 1970s. As a results so many paleon
netic measurements on archaeological relics have been conducted, but the total number of the fruits is not well known becau:
almost all the results were documented in the excavation reports published mainly by the education boards of local govermen
and they are bad to be efficiency of retrieval.

We now publish an archaeomagnetic database on line including 680 direction dataset and 60 intensity dataset. In this databa
all age of the sites were estimated by the archaeological ways such as type-morphology of the pottery, which are indenpende
from the archaeomagnetic age estimation.

Therefore the archaeomagnetic data will be soon used for the discussion of the geomagnetic secular variations, if we as-
adopt the age.

On the other hand, we have recognized archaeodirection data from more than 1500 sites. Many of these sites has mixed a
estimation of archaeological and archaeomagnetic values, so that it will lead a misinterpretation of the data in the study of secul
variation. Now we are working the verification of the age estimation for each datum for the future public consumption.

In this talk we introduce the properties of the archaeomagnetic data published, unpublished and sought now.
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Place of origin estimate based on the analysis of the earth science of the stone tools

# Yoshinori Tajiri[1]
[1] Archaeology,Kyushu Univ

In this presentation,| estimate the place of origin for a stone tools excavated from sites from the field of the earth science.
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Archaeological prospecting in Kyushu University

# Hideki Mizunagal[1]
[1] Earth Resources Engineering, Kyushu Univ.

http://geo.mine.kyushu-u.ac.jp/

There are a lot of archaeologocal ruins in Kyushu University. Some case studies of archaeological prospecting are shown her

There are six keyhole-shaped mounded tombs in Ito campus. In order to investigate inner structure of these tumuli, electrice
resistivity surveys were carried out at Shioyoke, Ikenoura and Mine tumuli. As the result of these surveys, anomalous resistivity
zones that are related to mortuary facilities in the tumuli were detected.

GPR survey was carried out to know the possibility of cavities beneath a pathway at Onigaura ruin. The ruin is located in
Fukuoka Experimental Forest of Kyushu University. As the result of GPR survey, strong reflections that indicate the part of
tunnel tombs were detected.
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Analyzing the early 19th century’s geomagnetic declination in Japan from Tadataka
Inoh’s Santou-Houi-Ki the 5th report

# Motohiro Tsujimoto[1]
[1] none

The Santou-hou-iki is a national treasure of Japan,consist of 67 volumes ledger of approximately 200,000 magnetic compa:
survey azimuth data by 0 deg 5 min unit in 1800 to 1816,cover from eastern Hokkaido to Yakushima recorded by map surveyo
Tadataka Inoh. We excute interdiciplinary and simultaneous analysis of real azimuth,magnetic declination,precise position of thi
survey reference point and target points where the value of declination to any targets are similar or proximate.We analyzed th
declination at 200 points in Japan. The declination analyzed from Santou-houi-ki in wide area from Tsushima to north westerr
coast of Kyushu are developed to 1 deg west more than the declination expressed in historical magnetic declination viewer b
Andrew Jackson’s gufml published from NOAA.There are lack of declination data in Japan from mid 17 century to mid 19

century equal to the term of national isolation of Japan.It is necessary to introduce the declination data analyzed from SantoL
houi-ki to gufm1.
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The orientation of temples in Thailand and its possible relation with geomagnetic seculal
variation

# Toshihiko lyemori[1]; Michio Hashizume[2]; Akinori Saito[3]; Masahito Nose[4]; Nithiwatthn Choosakul[5]; Toshitaka
Tsuda[6]; Yoko Odagi[1]
[1] WDC for Geomagnetism, Kyoto Univ.; [2] KMITL; [3] Dept. of Geophysics, Kyoto Univ.; [4] DACGSM, Kyoto Univ.; [5]
Rajamangala University of Technology Thanyaburi, Thailand; [6] RISH, Kyoto Univ.

According to belief, a Buddha image should face east, and consequently temples should be oriented in that direction. Yet i
China and elsewhere, it has been shown that the actual orientation varies according to the time of construction. We measur:
the orientations of ancient large temples and their associated structures in Thailand constructed from 9th century to 17th centur
and found a similar tendency of the variation with that estimated in south-west Japan if we shift the time assuming the westwar
drift of geomagnetic field distribution. If it can be assumed that the orientation of these temples was determined using a magneti
compass, this variation should reflect the Earth’s magnetic field drifting over time in south-east Asia.
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The dating for archeological materials using viscous remanence

# Tetsuro Sato[1]; Norihiro Nakamura[2]; Hiroyuki Nagahama[3]; Koji Minoura[4]
[1] Earth Science, Tohoku Univ; [2] IEHE, Tohoku Univ; [3] Earth Sciences, Tohoku Univ.; [4] Earth Science, Tohoku Univ.

Chronology holds a pivotal position within the Earth sciences and archeology. Traditional radiometric dating, such as radio-
carbon and U-Pb, provides a formation age of materials. However, it is difficult to determine the reworked age of rocks and stone
tools. To overcome the fundamental setback, we focus on the magnetism in rocks. Most rocks contain an assemblage of fert
magnetic particles that record the geomagnetic field as a natural remanence. When the rock has been reworked and stabiliz
in new orientation, subset particles change the direction with changes in the current magnetic field direction. The secondar
remanence is a viscous remanence which grow with elapsed time. The theoretical framework of viscous remanence in sing
domain grains is from Neel's thermal relaxation theory. The traditional approach for determining the age of viscous remanence
is to employ a time-temperature relation by assuming Neel's relaxation theory of single-domain magnetite. If single-domain
magnetite can acquire viscous remanence in a magnetic field at low temperature over a long relaxation time, the remanence
demagnetized in the absence of magnetic field at high temperature over a short relaxation time. As a typical example, we foun
that the viscous remanence in four coral tsunami boulders on Ishigaki Island, Japan. The timing of tsunamis estimated fron
demagnetized temperatures of viscous remanence was compared with radiocarbon accelerator mass spectrometer ages direc
obtained from the surface coral boulders. The viscous remanence ages of two boulders were good agreement with the assigr
radiocarbon ages although the others showed older age. Our results suggest that the relationship between time and temperal
of viscous remanence suggest a potential use as a chronometer for stone tools up to 0.78 million years old.
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Magnetic properties of the Juraku-tsuchi soil: preliminary results from the Shokokuiji
Temple precinct excavation site

# Akira Hayashida[1]; Fujio Masuda[1]
[1] Environmental Systems Science, Doshisha University

The Juraku-tsuchi is earthen plaster used for clay walls of traditional Japanese buildings. Although its original material is
mined from sub-surface deposits mainly around the ruins of the Jurakutei Palace in Kyoto City, the distribution, age and deposi
tional environment of the deposits remain unclear. During the archeological excavation in the Imadegawa Campus of Doshish
University in 2010-2011, a yellowish brown sandy mud layer resembling the Juraku-tsuchi was found intercalated in fluvial sand
and gravel deposits. Although exact chronological data has not been obtained yet, it is suggested that the sequence was depos
as a fluvial fan forming ground surface of the classical capital city, Heiankyo. We investigated magnetic properties of the muddy
deposit including natural remanent magnetization (NRM), anhysteretic remanent magnetization (ARM), low-field susceptibility
and its anisotropy (AMS).

Oriented block samples were collected from eight horizons in the sandy mud layer of about 1.4 m thick and divided into 3
to 8 cubic-shape specimens of 10 cm3 for magnetic measurements. Measurements of NRM and alternating field (AF) dema
netization made on a cryogenic magnetometer (2G Enterprises 755R) showed that most specimens contain unstable overpr
demagnetized below 25 mT and stable magnetization linearly decaying from 30 to 100 mT. Directions of the characteristic
magnetization, calculated by principal component analysis of the stable component, showed good concentration in each bloc
although the top most samples showed dispersed shallow inclinations. The topmost sample was also characterized by anomalc
AMS data suggesting mechanical disturbance by the overlying artificially modified surface soil layer. The overall mean direction
of the seven horizons was close to the expected geomagnetic field direction at Kyoto and can be assumed representing the p
geomagnetic field at the time of deposition.

Measurements of low-field susceptibility by using a Bartington MS2 susceptibility meter with a MS1B sensor at 0.47 and 4.7
kHz revealed frequency dependence of from 3 to 8%. The correlations of the susceptibility at 4.7 kHz with the high-frequency
loss and with the ARM intensity suggested existence of superparamagnetic particles, which are commonly found in modern so
and paeolsol deposits. This result suggests that the mud deposits had suffered soil development during depositional process fr
weathering through the deposition.
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Cautionary notice of systematic bias in the magnetization of an offset dipole arising from
an irregular-shaped sample

# Kazuto Kodama[1]
[1] Kochi Core Center, Kochi Univ.

To quantify how the irregularity of a sample shape affects its magnetization, measurements with a Magneto-Impedance (Ml
spinner magnetometer were carried out using a small coil that simulates an offset magnetic dipole. The differential senso
output is transferred to an amplification circuit associated with a programmable low-pass filter, and the signal with reference
to the spinning frequency is detected with a digital lock-in amplifier. The magnetometer can be operated in two selectable
measurement modes, the fundamental-mode (F-mode) and the harmonic-mode (H-mode). Measurements in the F-mode det
signals with the fundamental frequency (5 Hz), in the same way as in conventional spinner magnetometers. In the H-mode, i
addition to fundamental component, the second (10 Hz) and the third (15 Hz) harmonic components are measured. Tests in tl
H-mode were performed using the small coil and changing its distance from the spinning axis. The results demonstrate that tt
dipole moment of the offset-coil is systematically biased by the quadrupole and the octupole components. This is consistent witl
the theoretical calculation concluding that the magnitude of the fundamental component of the offset digdegeathan of
the non-offset dipole, where r is the ratio of the sample-axis distance over the sensor-axis distance, and a is a constant relevant
the magnetization direction. It is concluded that the MI spinner will be useful as not only a sensitive rock magnetometer but alsc
a tool to quantify the contribution of harmonic components arising from irregularity in shape or inhomogeneity of magnetization.
A method for correcting such effects due to the harmonics is also proposed.
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Investigation in Ushikubi Old Kiln Complex and Archaeomagnetism

# Hidetaka Ishiki[1]
[1] Education Board, Onojo City

1. Introduction of Ushikubi Sites

Ushikubi Old Kiln Complex is located among Onojo, Kasuga and Dazaifu cities with size of 4 x 4.8 km and the center is
at Kamioori and Ushikubi districts in Onojo. The complex is the largest Sue ware kiln group in Kyushu Island which were
designated as a National Historic Site in 2009, and includes ca. 600 old kilns, in which more than 300 kilns has been alread
excavated.

The beginning of the production of Sue ware in Ushikubi were in the middle sixth century. The rapid increase in the number
of kilns occurred in the late to end of the century. The kilns in this stage were large with the length more than 10 m and not
only large jars but also vessels with tops, bowls and tall cups were baked in those kilns. The structure of the kilns changed fron
bullet-shape to multi-chimney type in the late stage.

Tiles and coffins were also produced in the first half of seventh century. In the middle of the century, vertical-chimney kilns
appeared, the both types of the kilns became smaller in the late of the century.

In the eighth century, the production of Sue ware was in the golden age. All kilns are the vertical-chimney type. In the first
half, the large-type kilns are 7 to 8 m length in which the large jars and small vessels with tops were baked, while only small
potteries were baked in the small-type kilns which was dominant and 3 to 4m length. The production of the large-type kilns
almost ended in the latter half.

The number of the kilns dramatically decreased in the top of the ninth century. The number of types of potteries became alsi
small, and there were only vessels with and without tops and dishes. The latest kiln in the Ushikubi complex was constructed i
the deepest forest and the structure was different from the former kilns. The large jars and jars were produced again. This featu
was same as that in the latter production in Higo area (south of Ushikubi), suggesting that the craftspeople moved to the are
from Ushikubi sites.

2. Geology and baking in the Ushikubi complex

The Ushikubi complex was built on the hills of 50 to 250 altitudes. The Sara type granites are distributed on the finger-shape
hill terrain on the northern side of Mt. Ushikubi, and the ground surface was seriously weathered. The climbing kilns were
constructed in the underground structure and mainly located on the upper half of the slope cut by rivers.

In the begging period of the production, the vegetation on the hill had already become second-growth forest. It is derivec
from analyses of the carbonized firewoods that they used several types of woods such as red oak and itajii. In the fire proces
they ignited firewoods at the entrance of the kiln and no side pit, but, it is still considerable that they threw firewoods in the
chimney. Floor and wall of the kiln were baked into white or red color, indicating the oxidation state, anoxic or oxic. There
was an anoxic region between the side wall near the entrance and the entrance, and the anoxic region sometimes spread out
entrance, indicating the closed environments also spreads there.

3. Archaeomagnetic measurements in the Ushikubi complex

Since 1987, archaeomagnetic studies were done in over 50 kilns from some branches of the Ushikubi complex; Hasemust
Nozoe, Umegashi, Hondo and other sites.

The paleomagnetic results from 18 to 20 sites in Hasemushi area showed a 100-year difference in the estimated ages fro
archaeological estimation. However, now we don’t recognize large inconsistency in the two-way ages by consideration of the
area differences. In the complex, the archaeological exact age is only derived from the characters inscribed on a large je
unearthed in the 12-V or 12-IX kiln of the Hasemushi area. The description shows A.D. 713 (Wado 6). The archaeomagnetic
age of these kilns shows the consistent value of A.D. 700 +- 10. Mutual tests between archaeological and archaeomagnet
chronologies will be still necessary in the future.
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Typochronological framework of and issues surrounding Kofun-period pottery based on
archaeological methods

gk%
i

# Tasuo Nakakubo[1]
[1] Archaeology, Osaka Univ.

Pottery is the most important tool used as a chronological scale in archaeology and numerous chronological approaches ha
been undertaken. Because artifacts inscribed with the dates of their production are very rare, it is necessary to recognize the re
tive new/old temporal relations of artifacts when deciding the dates of sites and features. Archaeology has developed typochron
logical methods to decide the date of artifacts by comparing their morphology, patterns, production methods, etc. The potter
of the Kofun period has been the subject of particularly detailed typochronological analysis. In this presentation, the author will
present a brief overview of research on Kofun-period pottery and discuss the current state of the field by presenting a reconside
ation of various artifacts.

The pottery of the Kofun period can be divided into two main types. The first is Haji ware, which is earthenware native to the
archipelago that is low-fired in an oxidizing atmosphere. The second is Sue ware, which is stoneware high-fired in a reducing
atmosphere utilizing technology imported from the Korean peninsula. Haji ware is made by firing in an open flame; on the other
hand, Sue ware is fired in a tunnel kiln. While features for the firing of Haji ware are rarely found, Sue ware kilns are often
found throughout the Japanese archipelago. The Suemura kiln group is located among the Senboku hills in Osaka Prefecture a
is home to at least 854 kilns; it played an influential role as the center of Sue-ware production from the 5th century to the 9th
century.

The advantages of utilizing Sue ware as a typochronological yardstick are as follows: 1) Sue ware has highly standardize:
features compared with Haji ware, allowing us to specify the place of the production; 2) Sue ware produced in the Suemur:
kiln groups was supplied across almost the entire Japanese archipelago; and 3) locally produced products were morphologica
similar with those of the Suemura kiln group. Produced by specialized craftsmen, the typological evolution of Sue ware is readily
traceable, making it highly effective as a benchmark for relative dating over a wide area. The current typochronological frame-
work of Kofun-period pottery allows relative dating in 20 to 30 year increments.

Research on Sue-ware chronology showed impressive advancements from the 1950-60s and was generally established in
1980s. Various archaeological methods were tested, such as the new/old relationship comparison of typical artifacts from diffel
ent kilns, the examination of each firing stage within the kiln, and the comparison of the pottery, itself. These typochronological
methods are called relative dating in archaeology. Advances in relative dating based on the typochronology of pottery hav
greatly improved our understanding of the absolute dates of the Kofun period. Absolute dates have been applied to relativ
chronologies by crosschecking the latter with limited numbers of inscribed artifacts and sites whose construction dates can b
confirmed. Since the 1990s, dendrochronology has been utilized in Japan and in recent years its use in calibrating Carbon-:
dates has proved helpful in establishing the absolute dates of each phase of the period. Syntheses of this data have proven usi
in securing highly reliable dates for the Kofun period, despite the lack of written materials. Archaeological dating is continuously
being updated by the emergence of new artifacts and the development of new methods.

Research on the pottery of the Kofun period has entered a new stage since the beginning of this millennium, bolstered b
1) critical reexamination of Sue-ware typochronology and 2) an increase in high-quality artifacts and debates over our under
standing of absolute dates. In this presentation, the author will introduce recent research on Kofun-period pottery and discus
methodological problems.

BRI L > TR HEROEL] O—D & UTHEERREIZRIZ L, BE < ORFEHEDNEENTE I, |
WD HE N TRV T EDZWEEERZ VT, E@HOFECOEMORNZTINES 21, it U7zEY o
N7ERTIHB R Z RS 208 0D %, EhA T, EYOIRIR, 2, BERER &2 R U, 2 OFrIHBIfR7Z2
T BT LICK>T, IR ZRE T 2B ANTEZHES R TE /e, & b HHEIHMRO g, FEgia A
RRAEITIENHIEREN T EIEHERD 1 DTH D, AFELTIEHHRHZ FIC LaRFEMROERZRVIE D, &
HOZRPPHERR OFHR 2 5 XA, BURDOFEMIC DOV TRE T %,

AR IC BT 2 FEA LR BHAYEBERO LaR0ORE 112 H 5L RBERO TR, @ SHROZEER M 2
AL THANETEIESN/IAERO 2HATH %, Lhlids & HEGRORARMNDENE BICHERIR TH D, Thlids
BEREEHERE N, —/5, HEARRPEFICREZHM T 2, 7220, NI TOFRIRERHNC K S &, ThlideZHEk
L7cEMRIE E A CTERE N TOARVDIH U, HERZZHATBSHTRILEN TV, KBUFRIEEEIC BT
8547 AT DJHEARZEMMERR & TV 2 KB R B 28 RE . B EREOHZITH O IR B R EIFRIC T T
HANGHRRZLDFRERE LS,
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Archeointensity study on earthenwares fired in the reconstructed ancient kiln

# Yuhji Yamamoto[1]; Yu Kitahara[2]; Tadahiro Hatakeyamal[3]; Nobuyoshi Natsuhara[4]
[1] Kochi University; [2] ISGS, Kyushu Univ.; [3] IPC, Okayama University of Science; [4] Natsuhara Giken

In 1972, a reconstruction experiment of a kiln had been done to reproduce an excavated kiln of the seventh century in Japa
After the experiment baked clay samples were taken from the kiln floor, and they are shown to provide the archeointensity o
47.3 +/- 2.2 (1 stdev) microT which is fairly consistent with the in situ geomagnetic field of 46.4 microT at the time of the
reconstruction (Yamamoto et al., 2015). In the experiment earthenwares were also fired and some of them have been stor
for archeomagnetic investigation. We have been performing archeointensity determinations on them using the Tsunakawa-She
(LTD-DHT Shaw) method, to investigate how reliable the archeointensity can be recovered.

The earthenwares have kept their original shape, that is, they are too large to be subjected to a series of the paleomagne
analyses using ordinary instruments. Thus we cut them into mini specimens and placed them in plastic cubes typically use
for paleomagnetic measurements. Multiple mini specimens could be prepared from each of the earthenwares. So far we ha
obtained six successful archeointensity results from mini specimens cut from an earthenware cup, giving an average of 48.
microT with a standard deviation of 1.6 microT. Considering the two standard deviations, the average is consistent with the ir
situ geomagnetic field of 46.4 microT. We will continue the archeointensity determinations on the other earthenwares and repol
these results.
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Relative dating using full-vector archaeomagnetic information -A case study of 3 relics
in Oku kiln complex in Okayama-

# Yu Kitahara[1]; Masao Ohno[2]; Yuhji Yamamoto[3]; Masayuki Torii[4]; Yutaka Tamai[4]; Yoshihiro Kuwahara[2]; Shuichi
Kameda[5]; Tadahiro Hatakeyama[6]
[1] ISGS, Kyushu Univ.; [2] Division of Earth Sciences, SCS, Kyushu Univ.; [3] Kochi University; [4] BIG, Okayama Univ Sci;
[5] BIG, Okayama Univ Sci; [6] IPC, Okayama University of Science

In the previous studies of archaeomagnetism, there are a lot of studies that applied paleodirection data for archaeological de
ing. However, studies using three components (direction and intensity) is very few, especially in Japan (e.g. Sakai et al., 2015
This is because the traditional archaeointensity experiment called Thellier method (e.g. Thellier and Thellier, 1959; Coe, 1967
is so complex and the interpretation of the obtained result is so difficult.

We tried to restore the paleointensity from the baked-earth samples of Sayama Shin-ike 1st kiln, Sayama Higashiyama kilr
and Sayama Higashiyama-Oku kiln in Bizen city, Okayama using Tsunakawa-Shaw method (e.g. Yamamoto et al., 2003) t
resolve the above problems. Tsunakawa-Shaw method is a modern experimental method that is based on the theory differe
from Thellier method.

First, we carried out Tsunakawa-Shaw experiment using the samples of Higashiyama-Oku, and we obtained an averaged i
tensity as 48.1+/-3.1 uT (success rate = 100%). In addition, it was confirmed that the sample has the optimum condition for th
paleointensity experiment by rock magnetic experiments. Then, we carried out I1ZZ|-Thellier method (e.g. Tauxe and Staudigel
2004) using the sister sample as consistency test, and the result was 45.3+/-4.3 uT (success rate = 17%). Thus, it was cons
tent with Tsunakawa-Shaw method's result within the range of 1 sigma. Following these results, we applied Tsunakawa-Shav
method for the samples of Shin-ike and Higashiyama, and obtained averaged intensities as follows; 36.5+/-3.0 uT from the
former and 36.6+/-3.2 uT from the latter. There are significantly different from the result from Higashiyama-Oku. The result
that Shin-ike and Higashiyama show the similar value and only Higashiyama-Oku show a different value is consistent with the
published archaeodirectional data in the same 3 kilns (Hatakeyama et al., 2014) and archeological and historical scenario.

Thus, we think that this high-accuracy 3D archeomagnetic dating method would contribute to the improvement of the archae
ological chronology.

FITHIBE SO EIC BN T, HNT— 2 2@ OFERIREICIOH L2 FHIE SN E TICZ LIFHET 500, mEz2 30
7z 3 O IR T — 2 2B TS Lzflik, & ICHARIRBOTIED T H UL (e.g.ilHEH, 2015)
THUE, PER—RNCHVN SN T E /27 Y i (e.g. Thellier and Thellier, 1959; Coe, 196Z)/FiE 1 % i i &5 i F R
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i% (e.g. Yamamoto et al., 2002} VT, ke LV fiaai i O e Lt 152285 « e LR LZEeh - 76 LE LR zEph o B+ 500
S O TSR E R T2 AR T,
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LI 0 WHEOMISHEEER O (L sigma)T—H Uiz, CTOMREZEE 2. bt 152805 « AL L2Eiiic b
Ml —> a—kzdEf Uiz T, MiENHIE 36.5+/-3.0 uT %EDSIE 36.6+/-3.2 uTE WV S FEREENME SNz, T
NSRELRILED S ORI ERICH RS, TOFMERUN—HL, HIROAPKEL HExD VS EnE, 3
TICHEEHDIE 322D /07— 2 (BEILIED, 2014) DM & 522 —F L, T SICE B A0 22m Jithh & #E
ESNDZEOBHOLF VA EEEH LT3,
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Archeomagnetic Secular Variation curve as a product of the archeomagnetic database ¢
Japan.

# Hidetoshi Shibuya[1]; Tadahiro Hatakeyama|2]
[1] Dep't Earth & Env., Kumamoto Univ.; [2] IPC, Okayama University of Science

Japanese archeomagnetic studies have long history from the beginning of paleomagnetism. The estimate of the total numb
of archeomagnetic directional number can amount to more than 2500 sites. However, most of those measurements are for t
age estimation of the kilns and fireplaces, using the secular variation (SV) standard curves established in the early history c
the directional secular variation studies (e.g. Hirooka, 1971, Shibuya, 1980), and have not been reported other than excavatic
reports of individual ruins, For utilizing those dataset to SV studies, we have been constructing archeomagnetic database for
decade (Hatakeyama 2011 AGU). We have retrieved more than 2,000 data, which include 680 directional and 60 intensity dat
with independent (mostly archeological) dates.

Here, we present the revised directional SV curve for 400-1900CE using 582 directional data out of the above dataset. Th
calculation is performed as follows: The direction of each year of the period is determined so as to minimize the penalty function,
a linear combination of the square sum of residual of each directional data and SV direction of the year and the second derivativ
of the SV directions. As this calculation is non-linear, the minimum in not easily determined and not guarantied. Thus we
linearized the problem solving on a gnomonically projected plane attached at the GAD direction. The balance of the residua
and smoothness is chosen so as to the resultant smoothness is similar to the modern instrumental measurements. Although
differences between the previous SV curves by a few authors look not large except for around 15c, the mathematically define
procedure can be applied for further revision of the curve. This SV curve in Japan will contribute to the global SVC models, as
its reliability is constructed from largest number of directional data.

HATOZE SR FOREEIZH < SHIBACAIEDMAE - T2 40D BIFFRICI TN TE R (X1, Watanabe 1958,
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Magnetic surveys for identification of buried baked kilns

# Tadahiro Hatakeyama[1]; Yu Kitahara[2]; Nobutatsu Mochizuki[3]
[1] IPC, Okayama University of Science; [2] Kochi Univ.; [3] Kumamoto University

Magnetic survey, one of a physical survey for buried archaeological ruins, is suitable to find a buried old kilns and other artifi-
cally baked objects prior to the archaeological investigation with digging trenches.

Magnetic survey can derive the exact positon, size and approximate depth of the kiln floors (or roofs), so that the efforts of the
dig for the body of kiln can reduce by the results of the magnetic surveys and become a money-saving.

We have conducted magnetic surveys in three regions in western Japan, and found about ten kilns buried several tens centin
ters below the ground surface. Here we introduce our results of magnetic surveys and discuss the merit and limit from the poir
of view of paleomagnetism.
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HOBEMS T T ENTES, MEKHEEICL>TIE>ZT 0 bAB Lid, MEEZEOFHAME. i BXUbs
XZDHEETH %,

FHALIFZT O 4ERNC 3 - B CHEZITWV, WI0RETDOHELHEL S A EHEAEZFR A L, 95, 2D
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Arceomagnetic direction trend between 8th and 12th century at Koushin district

# Ryo Hemmi[1]; Takeshi Saito[2]
[1] Shinshu Univ.; [2] Geology, Shinshu Univ.

The archeomagnetic secular variation between 8th and 12th century at Koushin district was deduced from the archeomagnet
direction data that were estimated from baked soil samples obtained at three sites (Takabatake site and Wada-taishido site
Matsumoto city, and Kamihara site in Hokuto city), Koushin district, central Japan. Each 3-10 baked samples were obtainec
from heated ground such as ancient kitchen and fire trails at 23 ancient housings (15 from Takabatake site, 1 from Wada-taishic
site and 7 from Kamihara site). Progressive alternating field demagnetization (up to 60-160 mT) was carried out using eacl
1-4 specimens which was cutting these samples. Thermal demagnetization (up to 620 degrees) was also carried out for sor
samples.

As a result of experiments, almost samples had stable TRMs whose directions were probably parallel to earth magnetic fiel
at the time when TRM was acquired. Every 15 site-mean directions (number of sample &gt; 3) obtained by analysis of principal
components have high degree of concentration (a95 &lt; 2.8 degrees). Thus, we discuss about the shift of the archeomagne
direction using these data. 13 directions are almost identical with those from the secular variation curve in Japan (Hatakeyama
al., in prep.) with a few exceptions.

The results provide that archeomagnetic secular variation between 8th and 12th century in Koushin district is similar to the
secular variation curve in Japan (Hatakeyama et al., in prep.). According to the current declination diagram (GSl, 2010), Koushir
district is almost entirely covered with the magnetic anomaly which declination is slightly higher of about 1-2 degree. However,
the influence of the magnetic anomaly was not prominently visible in the past from our data. Therefore, we argue that the curve
(Hatakeyama et al., in prep.) can apply for age estimate during 8th-12th century at Koushin district.
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For the construction of the archaeointensity reference curve in Western Japan -The stuc
of Suemura kiln complex: the second step-

# Yu Kitahara[1]; Daiki Nishiyama[2]; Yuhji Yamamoto[3]; Masao Ohno[4]; Tadahiro Hatakeyama[5]
[1] ISGS, Kyushu Univ.; [2] Geoscience, Kochi Univ.; [3] Kochi University; [4] Division of Earth Sciences, SCS, Kyushu
Univ.; [5] IPC, Okayama University of Science

A large scale archaelogical research was carried out on Suemura relic complex in Senboku area, Sakai city / Izumi city, Osak
between 1960's to 90's. The relics are Japanese ancient sueki pottery kilns that are estimated to operate approximately betwe
5th to 13th century. The archaeomagnetic sampling was carried out at the same time, carrying out paleodirection measureme
intensively over ten years. These results, published on a lot of articles and excavation reports, became the base of the referer
curve of archaeodirection in Japan proposed by Hirooka (1971) and Shibuya (1980).

We are working on the study to construct the reference curve of archaeointensity between Kofun era to Kamakura era by reusir
the sample used to paleodirection measurement. The intensity experiment used Tsunakawa-Shaw method (e.g. Yamamoto
al., 2003), because the samples were AF demagnetized partially in another studies about the remeasurement of paleodirect
(Shibuya et al., 2016).

As pre-experiments for paleointensity experiment, we carried out the sample selection. At first, we selected 75 kiln‘s sample:
from a total of 286 kiln‘s in the order of directional determination accuracy. Then, we selected 2 sister specimens from each Kiln,
and measured natural remanent magnetization of them. In the results, it was confirmed that 27 kilns (36% of all) have stron
enough NRM. Next, we carried out Tsunakawa-Shaw experiment for 2 sister specimens of each kiln, and obtained significan
intensity from 15 samples (56% of all of selected samples).

Based on these results, we carried out full procedure of Tsunakawa-Shaw experiment for the 15 specimens. In the result, v
obtained the significant averaged intensity from 8 kilns until the present.

It would suggest that the field intensity decreased approximately 10 uT between 5th to 7th century. However the details ar
unclear, because the data from some kilns of same archaeological age have large variation.

We are going to continue to carry out Tsunakawa-Shaw experiments, and to start new rock magnetic experiments for clarifyin
the cause of variations above.
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Relation between archaeomagnetic variations and the Earth’s rotation in historical recor
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The earth’s magnetic field has close connection to the Earth’s rotation, which is apparent from the observation that the shap
of the Earth’s magnetic field is approximated by a magnet located at the center of the Earth parallel to the rotation axis througt
geologic time.

Both the Earth’s magnetic field and rotation rate has been observed directly by instruments for the last four centuries, anc
in the prior period, by indirect method, individually. In the prior period, the archaeomagnetic study revealed the change in the
direction and intensity of the magnetic field. The historical records of eclipses supply information of the change in the rotation
rate.

An interesting observation of these data sets is the variation in the 17th century. The movement of north geomagnetic pol
changed from counterclockwise rotation to clockwise rotation, possibly associated with acceleration of decrease in dipole inten
sity. The last four centuries after then is characterized by the westward drift of non-dipole component. In the record of rotation
rate, on the other hand, a large amplitude fluctuation is reported in the 17th century. Further archaeomagnetic data prior to ar
during this event, detailed in time and space, will give a key in understanding the relation between magnetic field and rotation o
the Earth.
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