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1.

Introduction

In past recent years, the Akita University SEG student chapter (AU-SEGSC) have conducted numerous successful
field excursions to several locations located along the west coast of the island of Honshu, Japan. The previous
years’ field excursion for example, investigated several hydrothermal mineral deposits and outcrops on the Sado
Island, Niigata Prefecture.
This year the field excursion went east of Akita Prefecture to the neighboring Iwate Prefecture which makes up
most of Northeast Honshu (Figure 1). Northeast Honshu is uniquely different from other areas in the region owing
to its Paleozoic rock units, Mesozoic adakitic plutonism, and its structural features which formed when the Japan
Island Arc was still a part of the Eurasian continental margin. The region has some of the oldest rocks in Japan
and represent one of the most well-preserved records of the Paleozoic-Mesozoic evolution of the Japan Island
Arc.
Key topics that were covered during the field excursion included hydrothermal-magmatic systems, adakites and
island arc subduction, metamorphism and metasomatism, terrane accretion, prograde and retrograde skarn
mineralization, karst landscapes and subterranean cave systems.

2. Locations and schedule of the Field Excursion
The field excursion we embarked on covered several sites within the Prefecture of Iwate, the field excursion took
place on September 10th – 12th, 2022. The locations visited are listed in Table 1 and their locations within the
Northern Tohoku region can be seen in Figure 1.

2022 Field Excursion Locations & Dates
Day

Date

Day 1

10th September

Activity location
1. Kuji Amber Museum
2. Noda-Tamagawa Mn mine

Day 2

th

11 September

3. Ryusendo Limestone Cave
4. Jodogohama Beach
5. Tamayama Au mine

Day 3

th

12 September

6. Kamaishi Fe-Cu mine

Table 1. Schedule and places visited on the field excursion.

Figure 1. Location maps of NE Honshu [left] and Iwate Prefecture [right]. The travel route and location of visited sites are
indicated by the map markers.

Field Excursion Schedule
Acitivty duration

Activity location

Description of activity

Activity

7:30

10 min

Akita University

Participants assemble and prepare to embark on transport.

Assembly

7:40

4 hours, 30 min

Depart Akita for Kuji roadside station

Transit

12:10

50 min

Stop for lunch at Kuji roadside station

Lunch break

13:00

10 min

Depart Kuji roadside station for Kuji Amber Museum

Transit

13:10

1 hour

Arrive at the Kuji Amber Museum - Location 1

Field trip

14:20

25 min

Depart the Kuji Amber Museum for Rose Noda Tamagawa

Transit

14:45

1 hour

Arrive at the Noda Tamagawa Mn mine - Location 2

Field trip

16:00

1 hour, 30 min

Depart Marine Rose Park Noda Tamagawa for evening accomodations

Transit

17:30

2 hours

Arrive Higarai Kaiso Inn and prepare dinner

Dinner

Break for the evening

Evening break

Participants assemble and prepare to embark on transport.

Assembly

Depart Inn for Ryusendo limestone caves

Transit

Arrive at Ryusendo limestone cave - Location 3

Field work

Depart Ryusendo for Jodogahama

Transit

Arrive at Jodogahama - Location 4

Lunch break

Depart Jodogahama for Tamayama gold mine

Transit

Arrive at Tamayama gold mine - Location 5

Field work

Depart Tamayama gold mine for evening accommodations

Transit

Arrive at Fureai Land Ozaki Misaki Inn and prepare dinner

Dinner

Break for the evening

Evening break

Participants assemble and prepare to embark on transport.

Assembly

Depart inn for Kamaishi mine

Transit

Arrive and conduct fieldwork at Kamishi mine - Location 6

Field work

Depart Kamaishi mine. Travel back to Akita University.

Transit

Arrive at Akita university campus and disembark

Excursion complete

Day

Start time

Day 1
10-Sep

Kuji roadside station

Kuji Amber Museum

Noda-Tamagawa

Higarai Kaiso

19:30
Day 2

7:50

10 min

11-Sep

8:00

1 hour

9:00

1 hour

10:00

1 hour

11:00

1 hour

12:00

2 hours

14:00

2 hours

16:00

1 hour, 30 min

17:00

2 hours

Fureai Land Iwaizumu Inn

Ryusendo

Jodogahama

Tamayama gold mine

Fureai Land Ozaki Misaki Inn

19:30
Day 3

7:50

10 min

12-Sep

8:00

1 hour

9:00

5 hours

14:30

3 hours

17:30

10 min

Fureai Land Ozaki Misaki Inn

Kamaishi mine

Akita university

Table 2. Field excursion schedule

3.

Participants

Field excursion participants were all post-graduate students currently attending Akita University. Our group was
made up of students from various parts of the world including Japan who are currently doing research into different
types of mineral deposits, such as sediment-hosted gold deposits, Fe-Cu skarn deposits, epithermal Au-Ag
deposits, orogenic gold and Kuroko VMS-type deposits.

Figure 2. Group photo of Field Excursion participants taken at Jodogohama Beach, Miyako.

Table 3. Field excursion participants
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

NAME

Leeysmon Hulijeli
Kotaro Seno
Mallika Intachai
Treenay Tungrat
June Born Born
Naoki Igarashi
Masahiro Sunada
Enrico Suharjo
Mudasirullah Stanikzai
Abir Kaoula
Jumpei Akita
Tom Arnold
Taiyo Okazaki
Kazuki Hirata
Masaya Koseki
Ishizaki Takumi
Mary Moshi
Bui Tinh
Professor Y Watanabe
Professor A Agangi

Sex

M
M
F
F
F
M
M
M
M
F
M
M
M
M
M
M
F
M
M
M

Nationality

Status

Grade

Papua New Guinea
Member (President)
D1
Japan
Member (Vice President)
M2
Thailand
Member (Treasurer)
M2
Thailand
Member
M1
Myanmar
Member
M2
Japan
Member
M1
Japan
Non-member
M1
Indonesia
Member
M2
Afganistan
Non-member
Research student
Algeria
Member
M1
Japan
Non-member
B4
Germany
Non-member
Exchange student
Japan
Non-member
B4
Japan
Member
M2
Japan
Member
D1
Japan
Non-member
B4
Tanzania
Non-member
D1
Vietnam
Member
D1
Japan
Academic Advisor
Univ. staff
Italy
Advisor
Univ. staff

We were also very fortunate to have both our student chapter advisors: Professor Yasushi Watanabe and Professor
Andrea Agangi of the Faculty of International Resource Sciences, Akita University to supervise our field
excursion.

4. Field observations and descriptions
DAY 1
4.1

Kuji Amber Museum

The first location we visited on our field excursion was the Kuji Amber Museum, it is located ~6 km from the
Kuji City center in the hills just north of the Nagauchi River. Kuji City is one of the leading locations for amber
in Japan, and the Kuji Amber Museum is the only one of its kind in Japan.

Figure 3. [a] Amber containing fossilized remains of a small insect from the Cretaceous Period. [b] Exhibit depicting what a
forest would have looked like during the Cretaceous. [c] One of our student members having a closer look at the fossilized
plant and animal remains preserved in the amber. [d] Photographs showing a past excavation of an ancient site where amber
was collected and shaped for jewelry by the early settlers in Japan.

In Japan the oldest amber nuggets are found at Kuji and have been dated to 90 Ma, during the Late Cretaceous
Period. The amber found at Kuji is thought to be derived from the Cryptomeria Japonica, a monotypic genus of
conifer of the same family as the modern day cyprus. Interestingly, there is an extended strain of the Cryptomeria
Japonica which can be found today in the South American tropics. The Museum’s first floor was dedicated to the
formation and occurrence of amber in Japan, amongst the numerous interesting exhibits our group was able to
observe Cretaceous age amber samples still hosted in the mudstones and siltstones beds of the Kuji Group. Much

of the amber that is discovered in Iwate Prefecture is found in the Tamagawa formation. The Tamagawa formation
consists mainly of alternating beds of fine-medium grained sandstone conglomerate, interbedded with
carbonaceous mudstone and charcoal-rich siltstone. Amber usually occurs as lenses up to 5cm in length hosted in
the interbedded siltstone layers. The first floor of the museum also contained many interesting exhibits detailing
the numerous amber samples preserving the fossilized remains of pre-historic plants and animals (Figure 3a). In
1997, news of the world’s first and oldest bird dorsal feather fossil was announced, it was found in an amber
nugget that had been excavated from the Tamagawa Formation near Kuji City. Since then, there has been a lot of
new research conducted on fossils contained in the Kuji amber samples especially in the fields of paleontology
and entomology by both Japanese and international researchers.

Figure 4. [a] Geological map of the Kuji area showing major extent of major formations (Kimura et al., 2004). [b] Friable
sandstone sample of the Tamagawa sandstone formation, small fragments of amber can be observed in this sample. [c] Amber
occurrence in sandstone from the Taneichi Fm. [d and e] Amber hosted in siltstones of the Tamgawa Fm. [f] Large amber
nugget discovered in 2003 is one of the largest ever found in Japan, it weighs 10.2kg.

While touring the second floor of the museum our group had the opportunity to learn about how amber was used
and valued by ancient civilizations. Not only did ancient people value amber for its decorative and commercial
properties it also had sacred and often religious significance all over the world. As a result, amber was one of the
most traded commodities during ancient times. Since amber contains geochemical signatures that can be used to
identify its source deposit, scientists today are able to trace ancient trade routes and human migrations by tracking
relic amber usually in the form of jewelry from its point of discovery back to its source area or deposit. In Japan,
amber from Kuji has been found as far north as Hokkaido and down south near Okinawa, indicating that trade and
commerce was actively being practiced between the different early tribes that settled the Japanese Isles. The oldest
amber in the world discovered at Northumberland England is dated at 300 Ma, however, of all the world’s amber
the Kuji amber is considered to the world’s oldest amber that has been used for commercial purposes such as

jewelry and other decorative purposes. The second floor of the museum housed some very exquisite amber art
that been made by early amber craftsman both locally in Japan and from around the world, our group members
got the opportunity to view this amazing works art and get an impression of how amber was valued and traded in
the past (Figure 5).

Figure 5. [a, b and c] Examples of art made from amber both locally in Japan and from other parts of the world, these exhibits
can be observed on the second floor of the museum. [d] Group photo taken on the first floor of the museum at the conclusion
of the visit to the Kuji amber Museum.

4.2

Location 2: Noda-Tamagawa Mn mine

The second location we visited on the first day of our field excursion was the Noda-Tamagawa Mn mine located
approximately 16km southeast of Kuji City in the northeastern region of Iwate Prefecture. It was one of the leading
manganese mines in Japan. There are several proposed types of genetic classification of the main manganese
deposits (Kuleshov., 2011), however, the most widely accepted classification has been that of a metamorphismrelated, layered-manganese deposit (Hayashi et al0., 2004). The Noda-Tamagawa Mine produces more than 100
minerals and is particularly famous for its high-quality rhodochrosite and rhodonite ore. Apart from the Mn ore,
it also hosts uranium bearing vein-type ore, copper bearing pyrrhotite deposits, and gold-silver bearing quartzarsenopyrite veins (Hayashi, 2005; Miyamoto & Ishida, 1957).

Figure 6. [a] The Noda Tamagawa mine adit. [b] Group photo taken during our tour of the underground workings of the Noda
Tamagawa mine. [c] Case displaying industrial use of the Mn ore that was mined from Noda Tamagawa. [d] Our guide
explains the different ore types found at the mine using the displayed ore rock samples.

Upon entering the underground mine with our guide, we were able to observe the host sedimentary rocks which
consisted of slate, sandstone, thin-bedded chert, massive chert and limestone. Sedimentary beds appeared to be
strongly compressed and folded, steeply dipping and tightly folded in places, reflecting a high degree of
deformation. Measurement of the strike and dip of the sedimentary beds gave us a strike of N10° ~ 18°E and a
dip of 50 ~ 85°SW. The country rocks of the primary manganese deposits are observed to be associated with
metamorphosed cherts and massive - thinly bedded quartzite. The Mn ore bodies appeared black in colour owing
to the oxidation that has occurred. These Mn ore bodies are lenticular and are of varying thickness (1-3m), they
show a similar strike as the host sedimentary rock but tend to have steeper dips almost near vertical in most cases
(Figure 7a, 7b). At the furthest extent of the main mine shaft, we observed a massive lenticular Mn ore body (12.5m thickness) exposed in the roof of the shaft that had been partly mined out, the ore body and country rock
were strongly folded into sharp anticlinal structures plunging to the southwest. We learned from our guide that
the Mn ore at Noda Tamagawa mine is categorized into several types based on their mineral content, but the most
important of these ores types in order of Mn content are: (1) hausmannite (Mn2+Mn3+2O4) ore 58~60% Mn; (2)
pyrochroite (Mn(OH)2 ore 50~58% Mn; (3) tephroite (Mn2+2SiO4) ore 33~50% Mn; and the (4) rhodonite
([Mn2+,Fe2+, Mg, Ca]SiO2) ore 20-32% Mn (Figure 7e, 7f). The Mn-rich hausmannite and pyrochroite ores
constitute the core of the ore body, tephroite makes the transitional/intermediate zones and at the marginal zones
adjacent to the wall rock rhodonite is dominant (Figure 7d). This zonal distribution of the ores is the result of
thermal metamorphism driven by the Cretaceous Tanohata granodiorite intrusives. Silica from the surrounding

chert-rich beds interacted with the original rhodocrosite bearing Mn-rich layer via infiltrating hydrothermal fluids
resulting in a prograde zonal distribution of the altered Mn ores within the deposit (El Rhazi & Hayashi, 2003;
Miyamoto & Ishida, 1957; Watanabe, 1959).

Figure 7. [a] Mine shaft showing previously mined ore body. Only the oxidized top margins of the almost vertical lenticular
ore bodies remain. [b] This is another location showing the remnant top oxidized zone after the lower Mn rich zones have
been mined. [c] Rohodcrosite nodules observed in host country rock beds forming the mine tunnel wall. [d] Cross-section
diagram of the Mn lenticular ore bodies at Noda-Tamagawa, taken from El Rhazi & Hayashi (2003). [e] Ore rock samples of
hausmannite and pyrochroite. [f] Tephroite and rhodonite ore rock samples. [g] Sedimentary host beds appear to be strongly
compressed and tightly folded.

The primary Mn ore deposit at Tamagawa was discovered in 1948 after which mining began in earnest, we were
able to see some of the relic mining equipment (Figure 6c) and sealed off adits to other parts of the mine which
were mined during the mines peak production period. Mining is no longer taking place at Noda Tamagawa,
however, a museum has been established there which offers guided tours and maintains the mine for education
and research purposes. There is also a very large collection of exotic rock and mineral samples taken from Noda
Tamagawa and other parts of the world which we had an opportunity to observe and learn about (Figure 8).

Figure 8. [a] Rhodonite ore specimen. [b] Jadeite mineral specimen. [c] Rose quartz mineral specimen. [d] Large geode
containing amethyst mineral crystals. [e] Azurite mineral specimen. [f] Gold-tellurium sample collected from NodaTamagawa.

DAY 2
4.3

Location 3: Ryusendo Limestone Cave

The Northern Kitakami Belt in the northeast Honshu is well known for its karst landscapes and contains one of
the largest carbonaceous sedimentary units in Japan – the Akka Limestone Formation. The Akka Limestone
formation consists of limestone, chert, slate and sandstone beds of Paleozoic age (Takahashi et al., 2016). The
formation is also famous for hosting one of Japan’s longest cave systems – the Ryusendo Caves which can be
found in the Izaizumi District of Iwate Prefecture. (Kishi et al., 1981). The opening of the Ryusendo Cave is
located on the eastern base of Mount Ureira, with a cavern entrance height of 160m the clear water gushes from
cave entrance at an average 1.5 tons per second making for quite a spectacular sight. The Ryusendo cave system
is one of the longest in Japan and survey are even now still ongoing to explore it further, the total aggregate length
as of 2019 was 4,088m.
Our visit to the Ryusendo Caves involved a tour through approximately 2km of subterranean passages which also
wound through several huge caverns where we observed different geological features formed via deposition of
dissolved calcite. Geological cave features such as stalactites and columns are known as speleothems; they are
geological mineral formations that accumulate over time in natural cave systems. Stalactites where the most
common type of speleothem we observed. It forms when water rich in dissolved calcite dropping down from the
roof of the cave form hollow soda straw stalactite, after some time the hollow tube eventually plugs up causing

water to run down along the outside, making it thicker to form a stalactite. If water continues to travel within the
structure it results in recrystallization of the internal portions forming helictites. Apart from these examples of
speleothems we observed many others including stalagmites, draperies, flowstones, and crenulations. In parts of
the cave system, we could also observe some of the original sedimentary bedding structures and faults of the Akka
Formation, which played a role in directing the flow of water and therefore the type of environment and
speleothems that were formed. Some of the cave passages within the Ryusendo Cave seemed to follow these
structures for a short distance, at shallower levels above the water table it was quite common to observe shear
zones and fault structures in the cave walls, however, at deeper levels much of these structures were obscured by
the successive layers of calcite precipitation.

+
Figure 9. Images of some of the interesting subterranean features we were able to observe at the Ryusendo Caves.

Our tour of the Ryusendo Caves provided a unique insight into subterranean geology. It also allowed us to observe
and understand how water interacts and shapes geology both on the surface and subsurface in limestone dominated
areas such as the North Kitakami area of Iwate Prefecture.

4.4

Location 5: Jodogahama Beach – adakitic rhyolite outcrop

The next location we visited on the second day of the field excursion was Jodogohama Beach, located on the
northern shores of the small peninsula east of Miyako City. Jodogohama beach is approximately 48km via road
due south of the Ryusendo Caves. During our field investigation of the area (Figure 10, 11), we discovered
exposed outcrop of adakitic rhyolite (Figure 11a), which belongs to the Jogodohama Rhyolite unit dated to Eocene
age (52 Ma) and described by previous researchers as an I-type, adakitic corderite bearing rhyolite lithofacies
(Tsuchiya et al., 2008; Uchino & Haji, 2021; Yoshida & Katada, 1984). The Jodogohama Rhyolite intrudes the

older Cretaceous age Miyako Group which consists of mainly of fluvial, basal conglomerate, and calcareous
sandstone sedimentary facies.

Figure 10. Location of the observed adakitic rhyolite outcrop at the Jodogohama Beach, Miyako City.

Occurrence of flow-related textures
The rhyolite outcrop we studied is found along the shoreline access road going towards the main Jodogohama
beach. It was here we observed prominent flow-banding textures composed of several steeply dipping dark bands
occurring in a repeating sequence (Figure 11a). The dark flow-bands appeared to have similar grain size matrix
as light grey parts of the rest of the rhyolite outcrop but was more abundant in dark colored glass resulting in the
contrasting color. The observed sequence of prominent dark flow bands consisted of three bands with widths of
6-10cm, each band was separated from the next dark flow band in the sequence by a gap of 6-8cm, this gap was
composed of the same massive light grey colored rock as the outcrop, this gave the appearance of an alternating
light and dark banding. In addition, the dark flow bands featured abundant white circular spherulites measuring
2-5mm in width (Figure 11c, 11d) in contrast to the lighter parts of the rhyolite unit which contained smaller
spherulites (¬1mm width). In addition to being larger, the spherulites in the dark flow-band zones appeared to be
sparser compared to the light grey areas where the smaller spherulites were occurring more densely or closer
together. The distribution of spherulites through the light grey areas was heterogeneous, whereas in the dark-flow
bands spherulite distribution and density was uniform through the entire observed length of the dark-flow band
zones. The spherulites observed in the dark flow-bands commonly exhibited skeletal crystal growths of feldspar
or a combination of feldspar and quartz. Most of the spherulites observed were vuggy, commonly hosting cavities
at their core. Furthermore, we also observed in the dark flow band areas thin light-colored planar textures
consisting of compressed spherulites that had been welded together to form linear bands (hereafter referred to as
‘thin spherulite bands’) with widths of 4-8mm (Figure 11c, 11d). Similar, albeit thinner (2-3mm width) spherulite
linear band features were also observed in the more dominant light grey parts of the rhyolite outcrop, however,

these spherulite bands were mostly discontinuous and localized. Individual spherulites could still be distinguished
within the thin spherulite bands but they appeared to be flattened and elongated parallel to the band orientation.
The thin spherulite banding within the dark flow bands was linear and continuous through the entire observed
outcrop but appeared to be concentrated on the margins of the larger dark flow bands. Therefore, from our
observation it is evident that there were several different types of flow banding textures present in the rhyolite
outcrop studied:
1.

Dark flow-bands

2.

Spherulite in light grey bands and the larger spherulite in the dark flow-bands.

3.

Thin spherulite linear band textures.

Figure 11. [a] Adakitic rhyolite outcrop we observed. [b] Light grey bands/zones of the outcrop were dominant. Minor flowbanding and densely distributed small spherulites observed. [c] Prominent sequence of dark-flow bands. Notice that the thin
spherulite bands are confined to margins of the dark flow-bands. [d] Close-up view of the dark flow-bands showing the circular
spherulites and thin spherulite bands.

The larger light and dark bands appear to be identical except for the colour of the matrix glass and presence of
spherulites. This light and dark band texture is common in effusive volcanic rocks and is particularly ubiquitous
in rhyolitic lava flows. It typically results from the mingling of magma of contrasting color, composition, texture,
etc., during the flow of magma either on surface or through a conduit (Morrow & McPhie, 2000). There are
numerous models that have been proposed to offer explanation regarding the formation of flow-banding in
volcanic rock, but the presence of spherulites suggests water content differences between mingling magmas may
be have played an important role (Seaman et al., 2009). In the studied outcrop we observed that smaller spherulites
are found in the more dominant light grey rock, and larger spherulites are confined to the dark flow-bands, this
suggests that the dark flow-banding texture developed prior to formation of the spherulites. Rapid cooling
preventing diffusion of water throughout the entire magma body would have resulted in the magma developing a
heterogeneous water content, thereby resulting in formation of flow banding further defined by size differences
in their respective spherulite populations. Hence, the magma that resulted in the dark-flow bands hosting the larger
spherulites would have had a greater water content compared to the more dominant magma which formed the
light grey parts of the rock outcrop. As the magma cooled spherulites were formed as a result of crystallization
(Fenn, 1977; Swanson, 1977). The thin spherulite bands that were observed at the margins of the dark flow-bands
may have been formed through friction of the viscous magma in contact with a solid rock surface or by
compaction, causing flattening, and welding of the spherulites into thin linear bands.
Adakitic rocks of the Kitakami Belt
Our study of the rhyolite outcrop also provided a good opportunity to discuss and learn from our field supervisors
about the formation of adakitic rhyolites and their significance, especially along the Pacific Coast of Northeast
Honshu. The term ‘adakite’ was first introduced by Defant and Drummond (1990), after their investigation of
several island and continental arc magmas revealed trace element signatures that did not support a parental basaltic
magma but rather a composition that was consistent with partial melting of the young hydrated subducted slab.
Experimental studies have shown that felsic melts produced from mantle wedge equivalent metabasalts have lower
CaO and MgO concentrations compared to natural adakites which are further characterized by their high SiO2, Sr
and lower Y concentrations (Defant & Drummond, 1990).The debate regarding the exact petrologic processes
involved in producing adakites and high-Mg andesites (HMA) is still ongoing but many researchers have
suggested that partial-melting generated by younger and warmer subducting plates may be a possible model for
explaining formation of adakites and HMAs along island and continental arcs.
The studied outcrop is part of the Jodogohama Rhyolite intrusive that have been described as adakites with little
to no contribution from mantle sources, compared to other adakites found further inland in the Northern Kitakami
Belt (Tsuchiya et al., 2007). The location of the Jogodohama adakitic rhyolites further eastward suggests
volcanism closer to the subduction trench than the volcanic front which is unusual in typical subduction settings
(Figure 12a). These conditions raise controversy as to the exact genesis of the adakites along the eastern margin
of the Northern Kitakami Belt.

Figure 12. [a] Map showing active volcanoes of the Japanese Island Arc. [b] Photograph and composition of the adakite
Jodogohama Rhyolite taken from Yoshida and Katada (1984).

There are many reported adakites and HMAs along the Pacific Coast of both the Northeast and Southwest Japan
Island Arcs (Figure 13a) especially around the Shikoku Region (Ayabe et al., 2012; Sato et al., 2013; Tsuchiya et
al., 2005, 2007, 2008). The Setouchi adakites and HMAs found in the Shikoku Region are thought to be generated
from active subduction of the young Philippine Plate, being younger it is also warmer and this may contribute to
triggering partial-melting directly producing silicic magmas derived from the metamorphosed subducting slab
rather than the mantle wedge above it (Defant & Drummond, 1990; Sato et al., 2013; Tsuchiya et al., 2005).
There have been several models put forward to explain the composition and distribution of adakites within
Kitakami Region, however, the topic remains highly debated. Our discussion of the controversy surrounding
adakites such as the Jodogohama Rhyolite proved to be very interesting as we explored several different ideas
which could explain this phenomenon, including subduction of a prior existing younger plate or spreading center,
and the potential effect of deep structures under the Kitakami Accretionary Complex. All in all, it was a very good
opportunity for our student members, most of whom who are doing economic geology to learn about the formation
of adakites and their significance especially in continental and island arc settings.

Figure 13. Figures modified from Tsuchiya et al., 2005. [a] Distribution of Lower Cretaceous and Eocene high-Mg andesites
(HMA) in the Kitakami Region of Iwate. [b] Distribution of Lower Cretaceous dykes and plutonic rocks in the Kitakami. [c]
Distribution of the Late Cretaceous to Paleogene igneous rocks in the Northern Kitakami Mountains.

4.5

Location 4: Tamayama gold mine

The next location our second day of the field excursion was the former Tamayama gold mine located just north
of Rikuzentakata-shi (Iwate Prefecture), 400m.s.l at the southwestern foot of the Hyokamiyama peak. The
Tamayama deposit has been controversial over the years as early researchers defined it as a mesothermal type
deposit, more recently the deposit has been lumped in to together with orogenic-types (Goldfarb et al., 2001;
Murakami & Ishihara, 2005). In addition to its exceptional gold yield, the mine yielded high-quality quartz
crystals. Currently, there is an attempt to commence a small-scale artisan mining operation in the area with plans
to begin more intensive mining in the future.

Figure 14. [a] Group photo with the pegmatite outcrop in the background. [b] Relic mining equipment used at Tamayama
mine prior to closure. [c] One of our participants ardently trying to crack open a boulder for that prized quartz pegmatite rock
sample for his personal collection. [d] Museum exhibits showing gold bearing pegmatite that has made Tamayama deposit
famous. [e] Student participant being taught how to pan for gold. [f] Tour of the old mine facilities used at Tamayama.

We investigated a recently excavated site that contained excellent outcrops of schistose granitoids characterized
by numerous large veins of quartz- dominated pegmatite veins. The ilmenite-series granitoids here are dioritesgranodiorites typically showing mainly schistose and some mylonitic texture, they have been reported by previous
researchers to be part of the 440-million-year-old Hakami Granites (Murakami and Ishihara, 2005). The granitoids
intrude the Cretaceous - Paleozoic sedimentary sequences of the South Kitakami Accretionary Complex. The
pegmatite ore we observed at the Tamayama excavation site is likely the final crystallization product of these
granitoids and is characterized by coarse-grained minerals: gray to translucent quartz, black or pale green
muscovite, white plagioclase and less common pale pink potassium feldspar. The quartz and feldspar pegmatite
crystals typically range in size from 1-5cm long, however, one of our group members was lucky enough to find a
10cm long euhedral quartz crystal of high quality and almost transparent colour (Figure 15c). The primary quartz
pegmatites occurred at the outcrop as veins, with widths of a few centimeters to several tens of centimeters. The
quartz and felspar pegmatites are hosted by a matrix of fine-coarse muscovite, biotite, and plagioclase. Fe bearing
minerals are also present as evidenced with the common red oxidation staining of the rocks (Figure 15a, 15b).
Previous authors report that native fine gold is usually found associated with quartz-mica pegmatitic veins,
however, we were not able to find any veins hosting fine native gold during our outcrop investigation. We did
observe some slightly metamorphosed sedimentary rocks which contained sulfide minerals, likely pyrites,
however, it was it not possible to determine if the pyrites were diagenetic or related to the hydrothermalmetamorphic activity. Our group participants also had the opportunity to test out their hand panning skills, which

proved to be a worthy endeavor since we were able to extract a few grains of very fine gold from sediment near
the pegmatite outcrop (Figure 15d).

Figure 15. [a, b] Rock samples taken from quartz-mica pegmatite outcrops at Tamayama. [c] An excellent large transparent
quartz crystal specimen from the pegmatite outcrop. [d] Detrital gold extracted from sediments at the outcrop via hand
panning, the extracted gold grains were extremely small measuring approximately 0.1-0.3mm.

Considering the occurrence of gold in pegmatite containing albite, the long and complex thermal history of the
area, and the controversy surrounding the temporal relationship of ore-forming processes, the Tamayama gold
deposit is one which warrants further investigation in future.

DAY 3
4.6 Kamaishi mine and skarn deposit
The Kamaishi mine is an underground mine located in the eastern part of the Kitakami massif at approximately
39o12’N and 141o50’E, 20km WNW of Kamaishi City. The deposit is an iron-copper skarn of the contactmetasomatism type (Sakamoto et al., 1975), it lies near the Hayachine-Goyozan tectonic zone in a district
composed of Paleozoic and Mesozoic formations and igneous rocks (Uchida et al., 1982). The Kamaishi mining
district is composed of a Paleozoic sequence consisting of andesitic pyroclastics, slates, sandstones and
limestones, which in turn is overlain by Mesozoic shales, sandstone and andesitic pyroclastics. Intrusives include
granodiorites and diorites with minor quartz monzonite of Cretaceous age (Ochiai., 1987). The orebodies
developed within Carboniferous-Permian limestones over a 4km length adjacent to diorite-diorite porphyry
intrusions of Cretaceous age (Ochiai., 1987). While at the Kamaishi deposit, we were able to visit two locations:

the old mine office and museum, and the Shinyama skarn deposit. Our group was privileged to have Inomata-san
and Ohta-san of the Kamaishi Mining Company to guide us on our visit of the two locations.
Stop 1: Old mine office and museum
The first location visited at the Kamaishi mine was the old mine office which was built by Kamaishi Mine
Company in 1951, it was then subsequently donated to the City of Kamaishi along with the mine and materials
contained therein. The first floor of the mine office has been restored to exactly how it would have looked and
function back in the peak days of mine operation during the 1970s. Much of the old equipment and infrastructure
has been meticulously restored to allow visitors to see how the administration of the old Kamaishi mine
functioned. The second floor of the museum housed several exhibits containing relic mining equipment and
artifacts that depict the history of mining at Kamaishi since the Edo Period. We also had the chance to observe
several samples collected from the fifteen Cu-Fe skarn orebodies that make up the Kamaishi mineral district.

Figure 16. [a] Relic typewriter used during peak mining activity of the 1970s. [b] Current view of the front of the old Kamaishi
Mine Office Building. [c] Participants examining an artist’s rendition of the Kamaishi mine layout during the peak years. [d]
The tour guide points out the location of each of the fifteen skarn orebodies and underground mine adits on the 3D topographic
model of the Kamaishi mine area. [e] Participants observing the relic equipment used by workers in the mine office during the
1940s. [f] Rock sample taken from the Sanihaii skarn deposit showing distinct amphibolite-epidote endo-skarn mineral
zonation observed at Kamaishi.

Stop 2: Shinyama skarn deposit
The second stop on our field work of Kamaishi was at the Shinyama skarn deposit, located approximately 3km
northwest of the old mine office. Shinyama deposit is the largest of the fifteen mapped skarn ore deposits at
Kamaishi with an estimated reserve of iron ore at 10 million tons and grades of 33% Fe and 1.44% Cu (Ochiai,
1987), it is also the largest Fe ore deposit ever discovered in Japan. The deposit consists of thirteen iron-copper
ore bodies which have formed along the contact zones where diorite-porphyry diorite of the Early Cretaceous
Ganidake Igneous Complex intruded the Nagaiwa-Onimaru limestone of Carboniferous age (Kawano and Ueda,
1965; (Uchida & Iiyama, 1982).

Figure 17. Google satellite image of the Shinyama deposit overlain on topographic map of the Kamaishi skarn district.
Shinyama deposit is approx. 3km NW of the old mine office (star symbol). The section of exposed outcrop studied during the
field investigation is indicated by the red line.

We were able to investigate a 70m section of the rock outcrop exposed on the upper south margins of the pit that
mainly (Figure 17, 18) consisted of a massive-brecciated garnet skarn with narrow zones of epidote-clinopyroxene
and epidote-amphibole skarns occurring intermittently throughout the section. The Shinyama deposit ore
mineralization was observed to be mainly magnetite and lesser amounts of chalcopyrite and pyrite, previous
authors have also reported pyrrohotite, cubanite and sphene depending on type of skarn (Sakamoto et al., 1975;
Uchida & Iiyama, 1982).
The dominant rock type observed was a massive garnet skarn is reddish-brown in colour and showing brecciated
texture with abundant clasts ranging from a few millimeters to several tens of centimeters across. The garnet
crystals making up the rock matrix are subhedral ranging from 1-1.5mm which, larger euhedral garnets can also
be observed along cracks and fissures in the rock. The most common clast observed consisted of euhedral –
subhedral amphibole and pyroxene with common euhedral magnetite ore mineralization typically occurring as
thick concentrated rims or around the boundary of these clasts, clasts made up entire of magnetite-ore
mineralization was also commonly observed. The ore mineralization also commonly occurred as fine
disseminations within the garnet matrix. Amphiboles are likely calcic varieties and may have formed as primary

skarn minerals or as amphibolitization products of early formed clinopyroxene (Uchida & Iiyama, 1982), some
relic pyroxene was observed with amphiboles particularly towards the southern end of the rock outcrop. Quartz
and calcite also commonly occur as short discontinuous veinlets and more commonly as vug infillings through
the rock matrix ranging from a millimeter to several centimeters thick in the later form. Alteration of the garnet
matrix to epidote is also common along rock fissures and cracks. Large sedimentary structures such as bedding
planes were generally not well preserved but could still be observed (Figure 18a), suggesting this skarn type was
formed on the limestone side.
The second skarn type we observed at the rock outcrop was the less developed epidote-amphibole skarn of
greenish grey colour, this rock type was not as widespread as the massive-brecciated garnet skarn, occurring in
less laterally extensive localized zones. Epidote occurs manly as anhedral - subhedral grains in the matrix but
large splintery euhedral grains were observed in cavities and along fractures. Nucleation of fine garnet with
epidote can also observed especially near the contact with the adjacent massive garnet skarn, possibly indicating
that the epidote is being replaced by garnet during skarn formation. The epidote-amphibole skarn is also brecciated
in part with common magnetite-ore and euhedral coarse grained amphibole clasts. Alteration of early formed
pyroxene and epidote to chlorite is commonly observed to be intensive along fissures and zones of weakness in
the rock, likely as a result of retrograde skarn formation. We also observed large fragments of marble within this
zone exhibiting relic sedimentary bedding planes suggesting that this may be the contact zone between the
intrusion and the limestone country rock. Large euhedral epidote and intense magnetite mineralization tends to be
concentrated along the observed calcite-quartz veins and cavity infills.

Figure 18. [a] Wide photograph of the exposed rock outcrop our group investigated. Here the massive-brecciated garnet skarn
dominates, with some narrow intermittent zones of the epidote-amphibole skarn. In the image, the right-side of the outcrop
extends to the northeast, it is at this extreme end we find the plagioclase-amphibole skarn. [b] View of the Shinyama pit looking
northwest from the rock outcrop. [c] View looking southeast from the same point as image B.

The final rock type observed towards the northern flank of the outcrop was a plagioclase-amphibole skarn
distinguished by the absence of biotite around veins and fissures where it has been leached out. The skarn rock is
characterized by common thin hydrothermal veins with muscovite alteration halos crosscut by later stage veins
that contained fine epidote and magnetite mineralization, plagioclase is observed to altered to epidote in part
particularly within the cross-cutting veins. The early-stage veins resemble propylitic alteration commonly in
porphyry systems. Previous authors describe diorite-porphyry diorite as the intrusive at Kamaishi (Uchida &
Iiyama, 1982), however, we did not observe any unaltered intrusive the rock outcrop, the presence of relic igneous
rock textures in the plagioclase-amphibole skarn indicates that the intrusive rock is likely adjacent to this skarn
type, unfortunately we were not able to access further to the north to confirm this.

Figure 19. [a] Shows the massive brecciated garnet skarn in contact with the epidote-amphibole skarn. [b] Rock sample taken
from one of the narrow zones of the epidote-amphibole skarn. [c] Rock sample taken from the plagioclase-amphibole skarn
showing an early stage hydrothermal-type veining cross-cut by later stage skarn veins characterized by epidote and magnetite
replacement of plagioclase. The intrusive rock texture is preserved in this skarn, and we can also observe that depletion of
biotite around the veins due to leaching by the different circulating fluids. [d] Example of rock collected from the massivebrecciated garnet skarn, it shows abundant clasts/fragments of ore minerals set in a garnet dominated matrix. Calcite-quartz
commonly occurs as veins or cavity infills accompanied by disseminated ore mineralization and large euhedral epidote
minerals.

From our observation it is evident that the skarn observed in this outcrop (at the Shinyama deposit) is not well
developed and shows extensive retrograde skarn formation evidenced by the brecciated skarns and alteration of
higher temperature silicate skarn minerals being replaced by retrograde skarn formation minerals such as epidote,
amphibole and chlorite, as well as the intensifying magnetite-ore mineralization concentrated around clast margins
and fissures. The widespread occurrence of garnet and Ca-amphibole is a good indication of the influence of

retrograde skarn formation involving a Ca2+ rich meteoric fluid replacing earlier formed silicate minerals. The
plagioclase-amphibole skarn is suggested to represent an endo skarn due to the relic intrusive rock textures, and
the occurrence of epidote and magnetite only in veins. The epidote-amphibole skarn is more difficult to categorize
since it is not as extensive and occurs intermittently throughout the entire observed rock outcrop. The massive
garnet skarn is clearly an exoskarn that has strong overprints of retrograde alteration. Our conclusion of the skarn
zones observed at the rock outcrop from intrusion to distal limestone zones are:
plagioclase-amphibole skarn [endoskarn] → epidote-amphibole skarn [endo/exoskarn] →massive garnetamphibole [exoskarn]
The proposed skarn zones are reflective of the progressive decrease in Al2O3 and increase of CaO content in the
mineralizing fluids outwards from the intrusive towards the limestone side, which is typical of prograde skarn
formation. The widespread overprinting by epidote and garnet leading to difficulty in distinguishing the different
skarn mineralization zones is a result of the intense retrograde skarn formation that was active in this part of the
Shinyama deposit. The Fe ore mineralization is seen to be abundant within the garnet-amphibole and epidoteamphibole skarns showing greater concentration northward closer to the intrusive side of the outcrop.

5. Financial Statement
This field trip was organized by the SEG Student Chapter of Akita University on the dates September 10th – 12th
2022. It was made possible by the funding provided through the SEG Steward R. Wallace Fund and complimented
by Akita University with contributions from field excursion participants. A lump sum of 195,760 JPY (USD
$1,500) was received from the SEG - Stuart R. Wallace Fund and put towards covering costs associated with
accommodations charges, vehicle hire and fuel costs, highway toll fees, meals, and venue attendance fees.
Contributions from field excursion participants (20 participants) amounted to 230,000 JPY. Considering the long
distances between sites and difficult logistics involved in field excursion we utilized three vehicles for
transportation: two separate 10-seater mini-buses, and a small hatch-back for luggage and equipment. These
vehicles have been referred to as: Car 1, Car 2, and Car 3 respectively in the financial statement. Car 1 and Car 3
were provided (without cost) by the Akita University and one of our current chapter executives respectively, to
support transportation and logistics requirements during the field excursion. Car 2 was leased from a local business
for a period of three days to cover the entire duration of the field excursion. Overnight accommodation on the 10th
and 11th was organized at two separate hotels: Hiraiga Kaiso1, and Fureai Land Ozsaki Misaki2, evening meals
were prepared by the participants themselves from purchased food items. All these expenses and others have been
detailed and tabulated on the financial statement and included in the appendix. The total combined funds used for
this field excursion equal 421,453 JPY. After acquitting for all associated costs, the remaining balance comes to
6,172 JPY. Scanned copies of all relevant receipts have been attached to this report in the appendices section.

1

Hiraga Kaiso (221-4 Akito, Tanohata-mura, Shimocloi-gun, Iwate Prefecture 028-8402)

2

Fureai land Ozaki Misaki (188-7 Torisawa-Akasakicho, Ofunato Iwate Prefecture 022-0007)

Financial Statement
Date of
Reference
receipt/payment

Description

Quantity

Unit
Income
(JPY)

Unit Cost
(JPY)

Line total
(JPY)

Balance
(JPY)

Contributions and Funding
28-02-22
08-09-22
09-09-22

Opening balance - carry over funds from 2021
SEG Stuart R. Wallace Funding (USD$1,500)
Participant fee (11,500 JPY / Person)

1
1
20

1,865
195,760
11,500

1,865
195,760
230,000

1,865
197,625
427,625

Expenses
07-09-22
08-09-22

01
02

Outdoor cooking supplies
Outdoor cooking supplies

1
1

-5,287
-3,948

-5,287
-3,948

422,338
418,390

10-09-22
10-09-22
10-09-22
10-09-22
10-09-22
10-09-22

03
04
05
06
07
08 - 13

Admittance fees (Kuji Amber Museum)
Admittance fees (Noda Tamagawa Mn Mine)
Highway toll - Car 2
Hiraiga Kaiso (Accommodation Day 1)
Gasoline - Car 3
Outdoor evening meal - food and preparation
(assorted receipts)

20
20
1
1
1
1

-400
-600
-2,260
-70,000
-1,290
-56528

-8,000
-12,000
-2,260
-70,000
-1,290
-56,528

410,390
398,390
396,130
326,130
324,840
268,312

11-09-22
11-09-22
11-09-22
11-09-22
11-09-22
11-09-22

14
15
16
17
18
19 - 22

Entrance fee (Ryusendo Cave)
Entrance fee (Tamayama Au deposit)
Gasoline - Car 1
Gasoline - Car 2
Fureai Land Osaki (Accommodation Day 2)
Outdoor evening meal - food and preparation
(assorted receipts)

20
20
1
1
1
1

-930
-2,400
-3,172
-6,953
-54,000
-49,353

-18,600
-48,000
-3,172
-6,953
-54,000
-49,353

249,712
201,712
198,540
191,587
137,587
88,234

12-09-22
12-09-22
12-09-22
12-09-22
12-09-22
12-09-22
12-09-22
12-09-22

23
24
25
26
27
07
07
28

Admittance fee - Kamaishi skarn deposit and mine
Highway toll - Car 2
Gasoline - Car 1
Gasoline - Car 1
Gasoline - Car 2
Gasoline - Car 3
Gasoline - Car 3
3-day lease of Car 3 (10 seater mini bus)

20
1
1
1
1
1
1
1

-250
-3,720
-1,000
-3,515
-8,257
-960
-2,410
-57,200

-5,000
-3,720
-1,000
-3,515
-8,257
-960
-2,410
-57,200

83,234
79,514
78,514
74,999
66,742
65,782
63,372
6,172

Total funds
Total expenses

JPY
JPY

427,625
421,453

Total balance remaining

JPY

6,172

Summary

Table 4. Akita University SEG Student Chapter Field Excursion - Financial statement for 2022. The’ Reference’ column
contains the reference number of the corresponding receipt attached in the appendix.

6. Conclusion and Acknowledgements
In closing, we are very happy to report that the 2022 Akita University Student Chapter field excursion to Iwate
Prefecture was a great success. The overall experience for our student participants to explore, observe, investigate,
and learn about unique and interesting mineral deposits and geological features found here was a great benefit and
will be a very helpful as they continue to endeavor in their own respective research projects.
On behalf of the Akita University SEG student chapter, we are deeply grateful to the Society of Economic
Geologists (SEG) - Stuart R. Wallace Fund and Akita University for the immense financial and logistical support.
We also appreciate the dedication and tireless efforts of our chapter advisors - Professor Yasushi Watanabe and
Professor Andrea Agangi who provided supervision and guidance during the field excursion.
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