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P eiRZ UMD TC3 22 20 BT, MOETER» LKA TH THER L &
bBA oA, BLEEIROKEM BRSO MAOME I ARG LT BELEDTHD
1) B B oM I S RN, 5504, 55 10 BE(1038)

Bothl—ip : SRR o BRI 25T 5 Wit T, AR Ol 584, H5onE
(1940),
BAGl—RG . PIRE—-ZAMOREE MlEs 450448, #5639 5 (1F 15),
K. Negoro: Uber die allgemeine Verbreitung und das massenhafte Vorkommen von Pinnula-
ria Brauni var. amphicephala (A, Mayer) Hustedt in den mineralogen-nzidotrophen Gewiissern
Japans, Proe. Imp. Aead,, XVII, 9, (1941), Tokyo.

e M EORORESNI WSS, 555648 5068 Bh(A 17).
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Ty HOHER 22 PHAMES 2R 0NPIL B A—-IRBEC b0k 2 Bbh 5, E LD
BRI OFLBRE B UTEE DA S 3 T E D B 45, 280 O R E: OIEBUK R
LT/ b DTH 3, PRIA%EDAGIEOGHHN

Ig. Loss 6.05 2
Si0, 93.44 2
ALO, 0.05 2
v Fe,O, 0.16 2
CaO 0.01 =2
MgO 0.22 2
99.98 2 - (MR AR ALz

TdHad, S0y & Ig. Loss & OFMX 99.49 2% ThH-OT, TidBURENLE VAT A%
FRA Em i ¥, 60T Si0, B HHIh 2 L 0T, AEOHUIMEEHHRLTH 3, M
Pinnulara, Funotia S5 HECHO O THOT, L0 5EMIRO b 0P 1k 5 BEH-L 15
CUGERELIRARE LTEHTH2E 3R TV 30, BAESNT 2 801 PRTIxd 225
EHBEHAE UTHBILBECRMBS3 L 282 6 h 3,

VIII  S§K o KE

PEAUTAIL T O KNSR B B BRI 2 U THEFRC T U@l de & (LB RIRIE I < X o T3k
TePTANRERS OBR BT 5, ZOEBNIERNMSLIS A5 2 fOHUEACH OIS T
WEHY Uy HIEWIRNSIRITEN 232, BAEH 505 & 5 BB IMNEK E0RBED LD TH D,
i b EELT D 2 D EMPTU TORCIENLAT, MO THEL3DTHSE,

WAL O, FIRP A 2L oA T, 2 VEETHR (RS { 80°~40°C LIF
Thokriftdianz,

ST R PRI L3 2 6 O & UTR, KRB & SRR ¥ BA ohTe 3
P, AFPRCB LT, SRHAOIEY L, BAVIRD EFbh 3, X, SiERXlcr
AN 235 6 h, FHECREEEIRIMMTE L, Z O ORI ER A 58 0 g
b TEREL I IR BB A D B, —ROIERY: OBEERERIRIE AR AT R B E, Hik
DU IEETER B OB 2 45T, BERIKER Lk % 200G LB 2 U 5.

1) THINPE:  EEER X GEERL, HUERORIEE, HS1AR, HE 1ER(NE 21).
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pliIviiosy ] Tk s 1%
nFe,(S80,),—(n-2) Fe,(80,) ,2xFe(O),——2nFe(OH),
B MR gt el

PINAR T & 2 BEEMEMTR, ARETH2T, Bo2 WiHETH 2, —HHmE
A, ZOHURE KSO,#Fe,(S0,),04Fe(0OMH), &35 £ & & 113K, 0 MM & 2
BRI T KBO, B Lic b O LB S0 3, o TSI 2 Y pife L, WEn
BtFDTF T 2 OFE HRASENIEA # £ U, SRR VE C Bo%ETd 30 Tikige U
TE3ING,

3Fey(80,);+K,80,+ I9H,0——K,50,Fe,(S0,),4Fe(OH) , +6H,S0,
: SRV

CORMEHI Y195 2 L QEBE LTI, BTIFbHv T 3 Mitcherlich? 343 Fairchild?
DEAEH OERKITwY D 3,

ARG E AR ORI O S U THEE § 3, TSR TS 20 V2516 T 3
b O b IO PEHE B OBRIEHE D3 AE A Y, 2l KSR ORENL, FEILERRRR Sk D5
MedH sl ixl, WK% RIRT 2, 460 TEMISA B AR 2 IR OB T T D
IARSHIRD PSED LT & b IR FRIEIE 5T  MKSMARSSE R T8 A DY O DLl &
Hil s 5, '

P DR IE R O HIE DS 5h> & FEAECEET, SR OIS A & BREEE SIS 3,
B UTREMESRLE 2 2 294 CRIINHSE TR ETMMSE 0 5L, L0
ﬁﬁﬂ@%ﬂﬂﬁéﬂfé,%ﬂ%@ﬂﬁﬁib&h,&w?%&ﬁ%%?%?faumo
T, BRIEKEZRL, B AHEOEN 220, SO S5t oT, MRkER
CNRIEDSHE WD VTR, MO G 3 h 3, ARBIRC AT EmI%E
A BRI 2 W'?ﬁ?ﬁ%ﬂfl"r?’)‘( 7Y, HEMRL R & i DARES 345 BN
o WO/ PHFREL T AT & 72 3 & £33, R LTR S h 3, Fiid cEac g
PR CERIT U TR 0rEE D 2 BRI 2538 U BT 2 0, AR o BB o D I
b BRIE(PH 1.7~ 0RIE) TH ORI L RIRIT S 4 O ThH 3, 2 LTEROBECHED
S CERY: OIEEE TSI O SRR S h TRl EA O a,

ﬁ%ﬂﬂ&%ﬂ%&mﬁ%w@a@@&&%&uTbeﬂmmﬂ%mbkcam,%m$
TRIGVIE L MFCES 2 THMNULTV 3202 TRING, HMOREESIOB b

1) Doelter: Handbuch der Mineralechemie, Bd. IV, Teil II, (1929) Jarosit
2) J, G. TFairchild: Artificial Jarosite ete. Amer. Min, 18, (1933)
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B AP IE C I B, HRRAWE UTHERT 3 22540 10, SPROHMH TR
2O EHNTL AT b indekint, BRI AN X OB IO RRR IR LieD
Tdh 5, WIEOT ISR CERIITG 25, M L PR 2 ST MMM H 3 O, 8
ROBED I & IECKBCATIE 0% b THS 5, MO SWORHIE b GoT 52
&, GO OEMLBIRDEA SNDTHNEZOTH 22, 204K T UL
BRI QAT AR 2 38 L Ul ¢, PDERIERE RO {850 8HETI0 T8 £/ M3 n
3, NIEOTHERITEL, 43 U EMOXIMEN ORI 2 s O TR T, i
CIEAT 2HTAKH  BHFOROR, RoTZ ek T 258RINE, NG 28D
s OURS DF AR OBEIT Y T KA TH 3, |

Hillebrand & Penfield® X @it HisdiMOmEmcdoT, MEIENLE OHED 3 ’)‘?‘c
fEM TR 3 235 4 Ve, Mitcherlich® IHifEEL - BRER T A 71 ) & OIRQIE 2 HidE 3 hufetSp
T, 230°C |22 U, 3 Fairchild 3 i 1.6 gm L5fifR» ¥ 0. 17gm & % 0,75 N O 20
cc & INTHPARIFA Y Z 2451 T 110°C 12 24 BRI L34 LT, BB 200K Ule, T
B <21, EAOM b 27 0E THIE B SEENEI S, 200 b IR AR i
WCRT b, HEREEOMKARETA BV DAL 2L, WL Y 2R LSBT
5o —HRAOHERE, PlaE Fairchild 50 UZe X 5 I #S0C e TRRIERE,  HRUEIES
8, MKAFEZTHC 6O TH Y, i b KA ED TR 2T 2510HTF T
HUE S T H-0ZEE Db 2 TV T, WHEO AN - BRI M3 2 203D b3 317
A5, HoOTEIAPERCHTIERTERINZ I EBAONG, F5LES 22T IE
WIS RS S NIl T- O THSC 0 TN, M3+ R T f o T
B, 2 HBIT 2 THA 5, WA SETRIEKT Z EHE L, XHMOEH 27A
FipEe 0w, W2 Baes A 2 REH HFAMGD L 5 TH 3, LOLAIT, Hig
REXoTREN t%?ﬁ@ﬁﬁJiEl’cﬁMMﬁ@ﬂM&lu, SRS RIS OB RV T- 55303 THERY Uk
ERO—IRE PRI T E iR, ELL @E"&E‘."":’Eg’éi:;nf BHRBHROEILEI T T,
DRV TSR ST SRS 2 W ode 2 STk D 3, GO PR TR 2538
CIRA LTV 2 b O, SR T PEIILT UL o2, Ee 2 SR OB

1) W. F. Hillebrand & 8. L. Penfield : Some additions to the alunite-jarosite group, Amer. Jour.
Bei.,(4), (1920).

2) Doelter: il (19291,

3) J. G. Fairchild: wij{t} (1933),
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The Jarosite-Limonite Deposit of the Gumma Iron-Mine
by Masatsugu SAITO

Résumé
I INTRODUCTION

The presence of jarosite never known in Japan was newly ascertained in the
limonite-deposit of the Gumma Iron-Mine, and the study of the deposit in detail
with the aid of core borings has been carried out. The jarosite in the mine occurs
in a considerable amount and in fair qualities enough to call economical attention
especially for a potassium resource.” And thiz discovery suggests us the possible

existence of the mineral also in other limonite-deposits of the similar type in Japan.2

II GEOLOGY AND ORE-DEPOSIT

The Gumma Iron-Mine is situated at the eastern foot of Volcano Kusatsu
Shirane in Central Japan which is an active volcano with fumaroles and solfataras
in its crater, and with records of occasional explosions even in recent years.®
Around the voleano a large number of spas are distributed, among which Kusatsu
Hot-spring located to the south of the mine is the most famous. Chemical
properties of mineral waters in the spas are various, but those characterized with
sulphurie acid radieal are the most remarkable, Several native sulphur-deposits of
solfataric origin have been worked in this district, particularly in Kusatsu Shirane
volcanic body.

In the environs of the mine the land generally shows gentle slopes ineclining
eastward as a whole, Geology is constituted wholly of recent andesitic materials
in the forms of lava-flows, dikes and pyroclastic sediments.

Thnere are widely distributed, in voleanic regions in Japan, characteristic bog-
iron beds which have been precipitated on the surface from ferruginous solutions.
issued from mineral springs of volcanie origin. The ore-deposit in this mine belongs.

to a ‘special type of this group in concerning with the association of jarosite.

1) On ignition jarosite decomposes, evolving sulphur trioxide and dioxide in addition to
water, and turns to & mixture of potassinm sulphate and ferric oxide. Potassium sulphate
is completely soluble in water and suitable for fertilizer. The residues after the extrac-
tion of the sulphsate are composed essentially of ferric oxide and may be used as high
grade iron-ores or abrasive. The tests of the industrial treatments of the mineral are now
in progress,

2) By the research activities after this discovery, jarosite-deposits have been actually found
in certain other places in Japan.

3) H. Tsuva: Explosive activity of Voleano Kusstsu Shirane in Octover 1932, Bull.
Earthquake Research Institute, Vol. XI, Pt. 1, (1933), Tokyo.



Kettle-like depressions which probably mean the vestiges of the outlets of the
ore-formine springs are present at the top of the ore-deposit. The ore-body develops
downward from there in the form of filling up an ancient gully, and occupies an
area, 2,200metres in length and 30-200 metres in width. In the upper course of
the gully, where lava-flow forms the bed rock, transversal profiles of the ore-
body show V- or U-shapes, nearly 20 metres thick in their central parts. In the
middle and lower course, where the basement consists of tuff-brecein, the gully is
fairly wide open. In the major area of the middle course the thickness of the
ore-deposit attaing 10 to 20 metres, while in the lower course it is only a few
metres. I

The surface feature of the ore-deposit is generally flat and maintains some
characteristic gradient as seen in an alluvisl fan, having been scarcely dissected by
erosion. The overburdens are thin layers of voleanic ash, pumice,.ctc. In short,
the ores are of extremely recent deposition,

The ore-body consists dominantly of limonite and less amount of jarosite.
Bedded structures prevail: in general these two minerals sepurately cluster in
different layers in considerable thickness, frequently showing repeated alternations,
though smull amounts of the two minerals mix with each other in the forms of thin
lamellae, brecciated specks or intimate admixtures, Cross beddings are not
uncommon, )

Jarosite is extremely abundant in the upper course wheré it accumulates in
layers of pure masses, some of them reaching several metres in thickness, and the
amount in this part corresponds nearly to 80 22 of the total reserves of the mineral,
While, in the middle course layers of the mineral decrease rather suddenly in thick-
ness and the quality goes down being mixed with limonite and revealing a
transition between jarosite-and limonite- ores. On the other hand limonite itself
becomes predominant and comes to the climax of deposition in this part, though
the mineral appears in a considerable quantity also in the upper course. In the lower

course, too, limonite takes high preponderance over jarosite.

III CONSTITUENTS OF ORES

Counsituents of the orves are simple: excepting limonite aund jarosife, a small
amount of rock-fragments and occassionally distomaceous earth are observed,

Limonite is of a bog-iron type. It is dark to reddish brown in color and
gshows cellular to massive texture, being hard or crumble and has an ochrous
appearance. Laminated bands caused by different colors and textures eommonly
develop, In some layers of limonite, abundant casts of leaves, stems or roots of
living forms of plants are contained. Limonite is worked as iron-ores in this mine,

Jarosite is generally fresh yellow, clove-brown or, in some cases, dark yellowish



brown.

Streak is always shining yellow.

It occurs in a dense or somewhat porous

mass showing hemogeneous or patchwork structure, or in a pulverous form, La-

minations and plant-remains often seen jn the limonite-ores are rare.

Under the

microscope it appears as fibrous or irregularly scaly, minute erystals of mierons in
size, discernible only with high power. The color is light yellow; pleochroism not
conspicuonus,

Analyses of the pure samples free from any remarkable impurities

such as limonite are represented below.

3-8 T
% massive pulverous

8, @&, 2.99 3.02
Indices of w=1.791
refraction e =1.705
i wi. % mol, ratio wt. 2 mol. ratio
K0 8.52 0.90 1.01 8.80 0.93 1.06
Nas0 0.89 014 0.78 0.13 i
FeaOy4 48.34 3.02 47.35 2.96
80, 31.43 3.93 81.46 3.94
Diff. (HO0) 10,82 6.01 11.61 5.45

Analyst 5. SexINE K. Karo s

The mineral belongs to potashjarosite containing a few amounts of natro-
jarosite molecules.

Rock-fragments included in the ores comprise those of basement-rocks, voleanic
ash, pumice, river sands and clays, etc. Rarely thin lenses of volecanic ash and
'pﬁmice appear in the ore-deposit. All of them are, however, of accidental origin
and are generally not conspicuous in common ores.

Creamy white masses of diatomaceous earth appear in the forms of iliin layers
or smull patches in the ore-deposit, and they occur regulatly in association with
jarosite and exceptionally with limonite. Under the microscope these masses consist
exclusively of dintom-shells. According to the determination by Warary Tonrgawa
they consit almost wholly of Pinnularic Brauni var. aemphicephole (A. Maver)
Hustepr and a bit of Funotia sp. without any other forms.

These two are living forms in present waters in Japan. According to the biologi-
cal investigations by Nucoro,? Pinmularia Brauni var. amphicephale (A. Maver)
Husrepr is widely distributed and oceurs in abundance as a charasteristic leading
A lot of localities of
The pH-values of waters in those localities

form in mineral-acid waters of volcanic regions in Japan.

occurrence are given in his reports.

1) K. NEecoro: TUber die allgemeine Verbreitung und das massenhafte Vorkommen von
Pinnulariza Brauni var. amphicephala (A, Mavuig) Hustepr in den mineralogen-
azidotrophen Gewiissern Japans, Proc. Imp, Acad., Vol. XVII, No. 9, (1941), Tokyo nnda
his several other biologieal reports in Japanese,



range from 1.7 to 7.3, yet the luxuriant growth is regularly found in acidie
environments (pH 1.7 to nearly 4.0)?, The uppermost limit of temperatures of the
cited waters is 48°C, but the favorable range for the existence of this form seems,
he congiders, to lie below 35°C. Jn‘r:mufm gp. has been reported, so far as in. Japan,
in mineral-acid waters, 24°C in temperature at one locality and 2.8 or 3.5 in pH-
value. :

Both of these forms are of selentary nature and in the present ore-deposit the
diatoms frequently form pure masses without mingling with ore-minerals or clastic
materials, Therefore it may be assumed that the accumulations of the diatom-
tests took place in situ, not allochthonously derived form any other growing places,
and that the eecological knowledge can explain the conditions of the sedimentation
of the ore-minerals. The special association of the diatoms with jarosite, not with

limonite is noteworthy in this consideration.

IV GENESIS OF ORE-DEPOSIT

Low temperatures of the mineral-springs, are inferable, say below 309-40°C, from
the presence of the diatomaceous earth in the ore-deposit.

Either from the mineralogical compositions of the ore-deposit or from the
gulphurous characters of the recent voleanic exhalations in this region, it may be
decided that the ore forming solutions are acidic ones dominantly containing iron-
sulphates with some amount of alkalies. From these solutions jarosite or limonite
precipitates: differentially in response fo varying conditions. Generally speaking,
in the course of hydrolysis ferric sulphate goes through various stages of basic ferrie
sulphates. On further hydrolysis these basic sulphates gradually, due to their unstable

nature, transform and finally ferric hydroxide, namely limonite, begins to precipitate.

hydrolysis hydrolysis _
2Fe;(B0,)),——— (n-x) Fep (S0, 2xFe(OH), — 2 n Fe(OH),
Basic ferrie sulphate Limonite

However when alkalies are present in the solution and can combine with the
basic sulphite of a certain stage, alkali bearing complex basic sulphate, i.e. jarosite,
may be formed and fixed as precipitates, owing to its fair stability and insolubleness.

3Fe,(80,);+K, 80,4 12H,0—K,S0,Fe,(50,); 4Fe(OH),+6,80,
; Jarosite

That this reaction can takes place under suitable conditions has been war-

ranted with the synthetic experiments of jarcsite by Mirvenrruion ® and also by

Famomnn®, Hydrolysis of the solution, no doubt, advances with the decrease

1} Assumed values by the present writer from the list of loeslities in Nrcoro’s report (loc.
eit, 1941, 426-427).

2) Dorvrer’s Handbuch der Mineralehemie, Bd. IV, Teil 11, (1928), 590,

3) J. G. Famreininp :  Amer, Min, 18, (1933),

1)
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of acidity and the increase of dilution, thus it may be concluded that jarosite is

generated in still acidie conditions, while limonite begins to precipitate only in less

acidic to alkaline environments. The fact thgt the characteristic diatoms, of

which luxuriant growth is found in acid waters (pH 1.7 to nearly 4.0 for Pinnularia

Brauni var. amphicephale (A. Maver) Huysrepr]), are associated particularly with

the deposition of jarosite, and not with that of limonite, proves this idea on the
differential precipitation of these fwo minerals.

When the mineral-springs are adequately acidic in the beginning, precipitates are
only jarosite in the vicinity of the vent and in the upper course, while in the
lower course an oxcess of iron-sulphates gradually suffers from advancing hydrolysis
by decreasing acidity due to such surfice agencies as reaction of atmosphere, mix-
ing of fresh surface- or ground-waters, speéial influence of organisms, etc. Finally
limonite begins to precipitate with or without jarosite. In this way vigorous
precipitation of limonite is performed in the middle course,

With regards to the alternating depositions of jarosite and limonite, fluctuational
changes of the characters of the solutions are coceivable, but it is not always
necessary to consider the essential variations directly related to voleanic activity ;
the changes merely in acidity or dilution are sufficient: and-these changs may arise
even by superficial causes, such as variations in the amount of joining meteoric
waters or topographical transitions of the ore-depositing stream-courses.

Mitscneruien ¥ obtained jarosite by {heating a mixture of ferric and potas-
sium sulphate in a welded tube at 230°C., Famcuip? synthesized potash-
jarosite from the solution of 0.17 gm of K,S0, and 1.6 gm of Fe,(80,), in 20 cc
of 0,75N-H,S0, sesaled in a pyrex glass tube by heating for. 24 hrs at 110°C. From
these experiments it is noticeable that by continued heating at favorable temperature,
under some pressure, hydrolysis of ferric sulphate can take place and then jarosite can
crystallize even in rather concentrated and strong acidic solutions. Hrireseann &
Punerein ® consider that jarosites are solfataric products having been formed under
the combined action of heat and pressure.

Nutural mineral-spring waters are usually less acidic and more dilute, namely
more susceptible to hydrolysis, than such solutions ag prepared by Farrcuinp.
And conditions in underground passages of springs in voleanic regions may happen to
be of considerably high temperature and under vapour pressure, comparable to those of
the cited experiments. Thus, it seems rather reasonable to suppose that jarosite
crystallizes early in the underground passages. Assuming this hypothesis to be

the case, jarosite will be transported in suspension, and shortly after the out-flow

1} Doerrer’s Hsndbueh der Mineralchemie, loe. eit., (1929).
2) J. G, Fawrcurnn @ loe, cit,; (193.),
3) W. H, Hizuesgany & 8, L, Peyeierp @ Amer. J, Sei,, (4), (1902).



on the surface, the rapid settling of the pre-existing particles will take place
mechanically. The massive features of the jarosite-ores without marked laminations
or plant-remains seem to be faworable to this conception. On these lines of consi-
derations environments inferable from the presence of the diatomaceous earth, nemely
below 30°-40°C in temperature and pH 1.7-4.0 in acidity, do not mean the conditions
for the formuiion of jarosite, but merely indicate those at the sedimentation of the pre-
existing particles; the fact that in such range of acidity limonite is generally not
yet released to precipitate is more expressive. s

When the original acidities and dilutions of the spring-waters are adequate, limonite
instead of jarosite may he formed from the ontset (even in the underground passages,
if the alternative hypothesis, just mentioned, is the case). Yet actual préimn-
derance of limonite in the middle- and lower-course indicates that a large part of
limonite must have been gradually formed only after the influence on the land-
surface. This conception is favored also by the frequent presence of the plant-
remains in the limonite-ores especially in the lower-course and by the prevailing
laminations of the ores which presumably mean the sensitiveness to the change of

solution-chardcters in the mode of precipitation.

V. RESERVES AND QUALITIES OF ORES

The reserves and the mean grades of the ores, when the jarosite-ores are restriet-

ed to those eontaining over 4.52 K,O, are shown below.

Jarosite-ores (mean grade, 62 K,0)
Proved ore-reserve 360,000 ton
Probable ore-reserve 200,000 ton
Limenite-ores (mean grade, slightly over 502 Fe)
Proved ore-reserve 1,200,000 ton
Probable ore-reserve 700,000 ton
Chemical compositions of the jarosite-ores average as follows.
624 K.,0, 0.52-+ Na,0, 532+ Fe,0,,
2525+ SO, 1.825 P.0,, a fewes Si0O,

These grades seem to he suitable for the présent'scope of the ore-treatment. If
the jurosite-ores of these grades are supplied to a plant the following products may

be obtained from one ton of the raw-ores.

Potassium sulphate (of extremely high quality) about 100 kg
Iron-ores and abrasives (of over 602 in Fe) — about 600 kg

And when the roasted ores are directly used as fertililzers,
Potassium fertilizers (nearly 824 in soluble K,0) ——about 700 kg

fmay be utilized.




The Geologieal Survey of Japan has published in the past several
kinds of reports such as the Memoirs, the Bulletin, and the Reports
of the Geological Survey.

Hereafter all reports will be published exclusively in the Reports
of the Geological Survey of Japan. The eurrently published Report
will be consecutive with the numbers of the Report of the Imperial
Geological Survey of Japan hitherto publishel. As a general rule
each issue of the Report will have one number, and for conveni-
ence's sake, the following classifieation accoriing to the field of

interest will be indicated on each Report.

a. Geology.

A. Geology & allied b. Petrotology anl Mineralogy.
3 ) e, Palaeontology.
sclences i d. Voleanology and Hotspring.

e, Geophysies.

f. Geochemistry,

a, Ore deposits,

b, Coal,

o. Petroleum and Natural Gas,

d. Underground water,

“e. Agricultural geology.
Engineering geology.

B. Applied geology

f. Physieal prospecting,
Chemieal prospecting & Boring.

€. Miscellaneous
D. Annual Report of Progress
Note: Besides the regularly printed Reports, the Geological
Survey is circulating mimeographed copies of Preli-

minary Reports for the present tine,
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