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SUOMEN GEOLOGISEN SEURAN HISTORIIKKI 1936—1961

KIRJOITTANUT

AARNE LAITAKARI

Kun Suomen Geologinen Seura vuonna 1936 vietti 50-vuotisjuhlaansa,
julkaistiin, seuran julkaisusarjan numerossa IX (ss. 1—64, 5 kuvaliitetta)
professori Aarne Laitakarin kirjoittama seuran historiikki. Nyt on syyté
tehdéd selkoa tdmaénjilkeiseltd seuran 25-vuotistaipaleelta. Aikaisemmista
tapahtumista puhuttaessa viitataan edelld mainittuun julkaisuun, mutta jot-
kut liitteet on tehty seuran koko toiminta-ajalta, ja jisenluettelo on laadittu
tdydentamalld aikaisemmin tehty luettelo. Liitteessd 6 on esitetty vuosilta
1916—1923 Helsingin geologisen yhdistyksen tiedonannot, jotka sisdltavit
osittain esitelmien selostuksia.

1936—1945

Suomen Geologinen Seura vietti 50-vuotisjuhlaansa 22. 10. 1936. Juhlaa
kunnioittivat lisndolollaan silloinen Tasavallan presidentti P. E. Svinhufvud,
piddministeri Kyosti Kallio sekd useat hallituksen jdsenet samoin kuin mo-
nien koti- ja ulkomaisten seurojen edustajat.

Juhlaa vietettiin tieteellisten seurojen juhlasalissa, joka oli kukin ja
kivin koristettu, ja sen tdytti runsas juhlapukuinen yleis6. Ylioppilaskun-
nan Soittajien esitettyd Sibeliuksen Andante festivon piti seuran puheen-
johtaja, professori Aarne Laitakari tervehdyspuheen ja esitti seuran histo-
riikin. Tédmén jédlkeen professori E. H. Kranck piti esitelmén: Suomen kal-
lioperd ja kansainvilinen geologinen tutkimus, jonka jilkeen professori
Pentti Eskola piti juhlaesitelmén aiheesta: Geologian merkitys elamén perus-
tan tutkimuksessa ja ihmisen maailmankuvan perustana. Juhlakokouksen
paatteeksi Ylioppilaskunnan Soittajat esitti Sibeliuksen Romanssin. Taémén
jilkeen oli hotelli Seurahuoneessa ulkomaalaisten kutsuvieraiden ja seuran
jasenten keskeiset juhlaillalliset.

Seuran julkaisusarjan toimittaminen oli aloitettu edellisend 10-vuotiskau-
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tena, ja sitd oli ehditty julkaista jo 8 numeroa. Talld kaudella sarjan toi-
mittamista jatkettiin, jolloin valmistuivat numerot IX—XVIII. Namé
sisdlsivit 1631 sivua sekd kuvaliitteitd ja karttoja. Julkaisutoiminta
vaati paljon varoja, mutta kuten liitteestd 4 (rahatalous) kiy selville, oli
rahoituksesta aina selviydytty. Suurin osa rahoituksesta saatiin valtion-
apuna, mk 292 000, ja muita tuloja seuralla oli noin 78 000 mk. Tamén 10-
vuotiskauden menot olivat noin 370 000 markkaa. Liitteessd 6 on selostettu
seuran julkaisutoimintaa. On myoskin aiheellista mainita, ettd v. 1942
ilmestyneessid Geologische Rundschaun Suomi-niteessd oli 18 suomalaisen
geologin kirjoittamaa tutkimusta.

Vuonna 1943 valittiin professori Pentti Eskola seuran ensimmaéiseksi
kunniajéaseneksi.

Uusiksi kirjeenvaihtajajiseniksi valittiin tdna 10-vuotiskautena seuraavat:
V. M. Goldschmidt 1936, Tadeusz Wojno 1936, Harry von Eckermann 1939,
Richard Flint 1940, Richard J. Lougee 1940, Hans Cloos 1941. Aikaisem-
min oli kirjeenvaihtajajédseniksi valittu seuraavat: Aladar Vendl 1931, Armin
Opik 1931, Eugene Wegman 1931, Nils Magnusson 1933. Vuonna 1945 seu-
raan siis kuului 10 kirjeenvaihtajajésentéd ja seuran jasenmadéra oli kasvanut
93:sta 160:een. Seuran varsinaisista jasenistd oli 32 ulkomaalaista.

Talvisota ja vv. 1941—45 sota vaikuttivat tietysti suuresti Suomen Geo-
logisen Seuran toimintaan. Osallistuihan suurin osa sen jdsenistéd eri tehta-
vissd sotatoimiin. Sodissa menettivit seuraavat seuran jdsenet henkensé:
Erkki Mikkola 1940, Gunnar Brander 1940, Viin6é Sihvonen 1940, Jalo Ant-
Wuorinen 1940, Erkki Kuosmala 1940, Eero Malmivuo 1940, Reino Uusi-
talo 1940, Sampo Kilpi 1941, Onni Veikko Lumiala 1944, Erkki Austi 1941,
Viljo Kanula 1941 ja Erkki Rosendal 1944. Lisdksi téind kautena kuolivat
seuran ansioituneet jisenet W. W. Wilkman 1937, M. K. Palmunen 1938 ja
V. Hackman 1941.

Seuran pédasiallisena toimintamuotona julkaisutoiminnan lisiksi ovat
olleet kuukausikokoukset, joissa on pidetty esitelmid geologian eri aloilta
kaikkiaan 93. Kutsutut ulkomaalaiset ovat tédnéd kautena pitdneet 7 esitel-
maé. Osanotto kokouksiin on ollut vilkasta ja osanottajaméiird on keski-
madrin ollut 35—40 jasentd. Sotien aikana toiminta tietystikin oli véahai-
sempéd. Liitteessd 5 on yksityiskohtainen luettelo pidetyistd esitelmista.
Kokoukset on yleensi pidetty yliopiston geologian laitoksen luentosalissa,
ja yhdessioloa ja keskustelua kokouksessa esilld olleista aiheista on jatkettu
jossakin ravintolassa.

Suomen Geologisen Seuran kehityksessd heijastuu koko maan geologisen
tutkimuksen voimakas kasvu. Samaan aikaan geologisen tutkimuslaitoksen
henkilokunta on kasvanut ja sen toiminta on monella tavoin tehostunut ja
myds vuoriteollisuuden piirissé on geologikunta saanut entistd enemmaén, teh-
tidvid ja geologinen henkilokunta on lisdantynyt.
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1946—1955

Sodat ja niiden jalkeiset epdvarmat olot maassamme eivit tietystikidan
voineet olla vaikuttamatta lamaannuttavasti seuran toimintaan, mutta véhi-
tellen olot palautuivat entiselleen, ja seuran toiminta péisi jatkumaan aikai-
semmin, viitoitettuun suuntaan, ja sen toiminnassa olikin ténd kymmenvuo-
tiskautena havaittavissa ripeias kehitystd. Ténd aikana ilmestyivit julkaisu-
sarjan numerot XIX—XXVIII, jotka sisilsivat 1 690 sivua. Titen useat
tutkijat ovat saaneet tutkimustuloksensa julkisuuteen.

Kauan oli seuran piirissié keskusteltu oman tiedotuslehden aikaansaami-
sesta, ja vuonna 1949 alkoi ilmestyé Geologi-lehti, joka téstéd lukien on ilmes-
tynyt 10 kertaa vuodessa. Lehdessé on julkaistu lyhyehkojd kirjoituksia ja
esitelmiselostuksia geologian eri aloilta, tiedotuksia sekd erityisesti geolo-
geja kiinnostavia uutisia. Sivulukua kertyi nédiné seitseménd lehden ilmes-
tymisvuotena yhteensd 452.

Julkaisutoiminnan aiheuttamat kulut on saatu rahoitetuksi valtionavun
ja seuran muiden, tulojen turvin. Valtionavun osuus oli tdng aikana 3 520 000
ja muut tulot 1 570 000 markkaa. Seuran vuosikertomukset ja tilit on jul-
kaistu vuosittain Geologi-lehdessd. Samoin on siind julkaistu lehden kirjoi-
tusluettelo viisivuotiskausittain. Seuran kunniajidsenen, professori Pentti
Eskolan 65-vuotispéivéin johdosta ilmestyi vuonna 1947 seuran juhlajulkaisu
numero XX ja vuonna 1949 professori Matti Sauramon 60-vuotispédiviksi
jublajulkaisu numero XXTI.

Seuran kunniajéisen, professori Pentti Eskola valittiin vuonna 1953 hinen
70-vuotispdividnddn seuran kunniapuheenjohtajaksi. Kunniajidseneksi kut-
suttiin vuonna 1948 professori L. H. Borgstrom ja kirjeenvaihtajajédseniksi
vuonna 1952 P. Niggli, B. Sander ja N. L. Bowen. Vuonna 1954 seuran
kunniajisen L. H. Borgstrom kuoli, ja kirjeenvaihtajajédsenistd kuolivat
V. M. Goldschmidt 1947, H. Cloos 1951 ja P. Niggli 1953. Tamén kymmen-
vuotiskauden aikana seuran jasenluku kasvoi 160:std 304:44n, joista 11
ulkomaista kirjeenvaihtajajésentd ja 73 ulkomaista jésentd.

Vuonna 1950 seura toimeenpani geologisen retkeilyn Lappeenrantaan ja
Vuoksenlaaksoon, ja vuonna 1954 seura jérjesti VI Pohjoismaisen geologi-
kongressin, johon liittyi retkeilyitd eri puolille Suomea. Kongressiin osallis-
tui 186 henkil6d, joista 68 oli ulkomaalaisia, piddasiassa Pohjoismaista. Ta-
mén kongressin jarjestelyd ja valmistelua varten oli jo vuoden 1952 lopulla
valittu toimikunta, johon kuuluivat professori Laitakari puheenjohtajana,
tohtori Edelman sihteerind, maisteri Repo rahastonhoitajana sekd muina
jdsenind professorit Eskola, Sauramo ja Metzger, vuorineuvos Mékinen, fil.
tohtorit Harme, Salmi, Simonen ja Soveri, dipl. ins. Nieminen ja maisteri
Lupander seké seuran puheenjohtaja. Kongressin aiheuttamia kuluja varten
saatiin valtionapua 300 000 markkaa, ja kun kulut kaikkiaan olivat
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2 800 000 oli avustuksina hankittava 1 000 000 markkaa ja loput kerittiin
lahjoituksina eri yhtioilta.

60-vuotisjuhlaansa seura vietti vaatimattomasti vain jdsentensd kesken
vuonna 1946.

Seura menetti tind kautena ansioituneista jisenistddn seuraavat: V. Tan-
ner 1948, Th. Brenner 1949, H. Blankett 1949, B. Aarnio 1950, A. Hellaa-
koski 1952, I. Leiviskd 1953 ja E. Mikinen 1953.

Seuran, toimesta lyotettiin mitalit J. J. Sederholmista ja L. H. Borg-
stromista.

1956—1961

Seura on toiminut verrattain edullisissa olosuhteissa, ja néin ollen se on
voinut jatkaa ja tehostaa julkaisu- ym. toimintaansa. Ténid kautena
ilmestyivit julkaisusarjan numerot XXIX—XXXII, jotka sisélsivit yh-
teensi 609 sivua. Geologi-lehti on jatkuvasti ilmestynyt ja sen sivumaéadri
on tdnd b5-vuotiskautena kohonnut 516:een. Lehden sisdlté on siilynyt
samanlaisena kuin ennenkin. Seuran vuosikertomukset, tilit ja muut seuraa
koskevat tiedotukset on julkaistu lehdessd samoin kuin lehden siséillysluet-
telo viisivuotiskaudelta. Julkaisutoimintansa seura on saanut rahoitetuksi
valtionavun (3 800 000 markkaa) ja muiden tulojensa (829 998 markkaa)
turvin.

Seuran kunniajdseniksi valittiin vuonna 1956 professori W. Wahl ja
vuonna 1961 professorit C. E. Wegmann, ja Aarne Laitakari. Uusiksi kir-
jeenvaihtajajiseniksi kutsuttiin vuonna 1960 professorit Tom Barth, Paul
Ramdohr ja E. Szadeczky-Kardoss. Kirjeenvaihtajajisenistd kuolivat v.
1956 N. J. Bowen ja 1960 R. Lougee. Seuran jésenistd kuolivat vuonna 1956
professorit J. G. Grano ja H. Viayrynen, v. 1958 professorit M. Sauramo ja
H. Backlund ja v. 1959 professori A. Tammekann.

Seuran jdsenmairi on kasvanut 304:std 369:4dn. Vuoden 1961 lopulla kuu-
lui seuraan 1 kunniapuheenjohtaja, 3 kunniajésenti, 12 kirjeenvaihtajajisentd,
91 ulkomaista jasentd ja 264 suomalaista jasentd eli siis yhteensad 369 jisenta.

Seura teki v. 1957 paleontologisen ekskursion Gotlantiin. Matka suori-
tettiin lentden ja siihen osallistui 24 jasentd. Professori I. Hessland toimi
asiantuntevana selostajana ja oppaana.

Vuonna 1958 seura maalautti kunniajisenenséd professori Pentti Eskolan
muotokuvan, joka paljastettiin yliopiston geologisessa laitoksessa. Hénen
75-vuotispdivianadn jarjestettiin myos kansalaispaivilliset hotelli Kdmpin
peilisaliin. Téssd tilaisuudessa oli lisnd Tasavallan presidentti, useita minis-
tereitd ja muita maan johtavia poliitikkoja, suuri joukko geologeja seki
lukuisia professori Eskolan henkil6kohtaisia ystédvii.
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Seuran toiminnasta on viimeisten 25 vuoden ajan ollut vastuussa kulloi-
nenkin hallitus, mutta pédidasiassa se on ollut vuosittain vaihtuvan puheen-
johtajan ja joka toinen vuosi vaihtuvan sihteerin huolena. Liitteestd 2 kay-
vat ilmi, ketkd kulloinkin ovat olleet seuran johdossa. Vuodesta 1952 lih-
tien seuralla on ollut oma rahastonhoitajansa.

Seuran julkaisujen ja Geologi-lehden toimittajat ja toimituskunnat on
mainittu liitteessa 6.

Seuran hallitus on huolehtinut myé6s suhteista ulkomaihin. Puheenjoh-
taja on huolehtinut edustustehtévistd ja hédnen estyneend ollessaan vara-
puheenjohtaja ja sihteeri.

Seura on eri tavoin kunnioittanut joukostaan poistuneitten muistoa, ja
seuran puheenjohtaja on lihinni seuraavassa kokouksessa esittinyt muisto-
sanat.

Seuran suomalaisen jéseniston ovat muodostaneet varsinaiset geologit,
ldhialojen tiedemiehet, geologiaa péddaineenaan opiskelevat ylioppilaat seké
muutamat harrastelijat. Seuran ulkomaiset jédsenet ovat ammattigeologeja,
jotka tavalla tai toisella ovat olleet kiinnostuneita Suomen geologiasta. Kir-
jeenvaihtajajédseniksi on valittu ansioituneita ulkomaisia Suomen asioista
kiinnostuneita tiedemiehid. Kirjeenvaihtajajisenistd ovat H. von Ecker-
mann, N. H. Magnusson, H. Cloos, E. Wegmann ja P. Ramdohr esitelmai-
neet seurassamme.

Seura on sdilyttidnyt puhtaasti tieteellisen luonteensa, ja ammatillisten
asioiden hoitamista varten perustettiin v. 1953 eri yhdistys, Geologiliitto.

Mineralogiaa harrastavilla seuran jésenilli on oma yhdistyksensé, Suo-
men mineraloginen seura, joka perustettiin v. 1957, ja Vuorimiesyhdistyksen
geologijaoston jéseniksi ovat liittyneet ne seuran jisenisté, jotka ovat kiin-
nostuneita kiytannollisen geologian sovellutuksista.

V. 1958 perustettiin yhdistys Geologian naiset. Sen tarkoituksena on
toimia geologian piiriin kuuluvien naisten kesken yhteenkuuluvaisuuden ja
yhteisten henkisten harrastusten yllipitdmiseksi ja virkistyksen saamiseksi.
Tarkoitustaan toteuttaakseen se toimeenpanee kokous-, esitelmé- ym. tilai-
suuksia ja retkeilyjé.

2 2192—61



SUMMARY

OF THE HISTORY OF THE GEOLOGICAL SOCIETY OF FINLAND
1936—1961

BY

AARNE LAITAKARI

The fiftieth anniversary of the Geological Society of Finland saw the
publication of a history of the organization by Aarne Laitakari, including
appendices and a summary in English. Now, on the occasion of the seventy-
fifth anniversary of the society, I have brought the history up to date and
revised the appendices.

The activities of the society during the past twenty-five years have
followed the same general pattern as before but undergone development in,
many ways. The membership now includes an honory president, honorary
members, corresponding members, foreign members and native members.
Honorary membership has been awarded members who have served the
organization meritoriously, while deserving men of science abroad who have
taken a kindly view of Finland in one way or another have been invited
to become corresponding members.

The membership of the society has grown considerably during the period
depicted. In 1936 it had six corresponding members, twenty-two foreign,
members and seventy-one native members, whereas now, in 1961, the cor-
responding figures are: one honorary president, three honorary members,
twelve corresponding members, ninety-one foreign members and 264 native
members.

The lecture program of the society is presented in Appendix 5, which
lists all the lectures held each year. Appendix 6 deals with the publishing
activities of the society. The series of publications brought out by the society
now includes 32 volumes, totalling 3 837 pages. Since 1949 the society has
also published a journal named Geologi, which contains short articles, reports
on lectures and similar material. It has been appearing ten times a year
for a total of 968 pages.
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Appendix 3 lists the members throughout the seventy-five years of the
society’s existence, and Appendix 2 lists the presidents and secretaries. Dur-
ing the Finnish wars, activity was slight, for nearly all the members were
in uniform; but at no time did activity cease altogether. Twelve members
of the society were killed in the wars.

In 1954 the society organized the VI Nordic Geological Conference, as
well as the excursions held in conjunction with the event, and in 1960 it
took part in organizing the International Geological Congress.

The activities of the society have included meetings and lectures, the
publication of literature and the organization of occasional excursions.

When Prof. Pentti Eskola, the society’s honorary member, observed his
sixty-fifth birthday in 1947, No. XX in the society’s series of publications
was dedicated to him, and when he reached the age of seventy in 1953, he
was elected honorary president of the society.

The Geological Society of Finland has continued to be the unifying organ
of all the geologists in Finland. It has remained a purely scientific associa-
tion. In 1953 a separate organization, the Geologiliitto (Union of Geologists),
was established to look after the economic and other material interests of
Finnish geologists. In 1957 the Mineralogical Society of Finland was found-
ed for the benefit of geologists particularly interested in mineralogy. Those
geologists who are interested in the practical application of geology can join
the Geological Section of the Society of Mining Engineers.



Liite 1
Appendix 1

SUOMEN GEOLOGISEN SEURAN SAANNOT

(Hyviksytty 7. 12. 1950 ja 29. 1. 1953)

Nimi ja tarkoitus

1 §. Suomen Geologinen Seura — Geologiska Sillskapet i Finland r. y.
on rekisterdity yhdistys, jonka kotipaikka on Helsingin kaupunki ja jonka
viralliset kielet ovat suomi ja ruotsi. Yhdistyksestd kiytetdan néissd sdédn-
noissd nimitystd seura.

2 §. Seuran tarkoituksena on edistdd geologista ja mineralogista tutki-
musta maassamme sekéd lisdtd harrastusta nédihin tieteisiin.

Niiden tarkoitustensa toteuttamiseksi seura pitdéd kokouksia, toimittaa
ja kustantaa tieteellisié ja yleistajuisia julkaisuja, toimeenpanee retkeilyja
sekd kayttdd muita samantapaisia keinoja. Seura voi harjoittaa julkaisutoi-
mintaa, ottaa vastaan lahjoituksia, jalkisdadoksid sekd omistaa kiinteistojé.
Tarvittaessa hankkii seura toimintaansa varten asianomaisen luvan.

Jisenet

3 §. Seuran jiseniston muodostavat kunniapuheenjohtaja, kunniajise-
net, kirjeenvaihtajajédsenet sekd kotimaiset ja ulkomaiset jadsenet.

4 §. Kunniapuheenjohtajakseen seura voi kutsua kotimaisen kunnia-
jasenensd. Kunniapuheenjohtajia seurassa voi olla vain yksi kerrallaan.
Kunniapuheenjohtajaksi kutsumisesta on seuran hallituksen tehtdva kirjal-
linen, ehdotus seuran kokoukselle. Kunniapuheenjohtajan valinta suorite-
taan samoin kuin jdlempénid on kunniajisenten valitsemisesta médratty.

Kunniajédseneksi voidaan kutsua kotimainen tai ulkomainen henkils, jolla
on harvinaisen suuret seuran toiminta-alaan kuuluvat tieteelliset ansiot tai
joka muulla toiminnallaan on erikoisen tehokkaasti edistényt seuran pyrki-
myksid. Kunniajdsenten luku on rajoitettu kymmeneksi. Kunniajéseneksi
kutsumisesta on kahden kotimaisen jasenen tehtdvé perusteltu kirjallinen
ehdotus hallitukselle. Jos hallitus puoltaa ehdotusta, on vaali toimitettava
kahdessa perdttaisessd kokouksessa, jolloin hyviksymiseen vaaditaan puol-
tavia danid vahintddn kolme neljidsosaa sanotuista danisté.
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Kirjeenvaihtajajiseneksi voidaan kutsua ulkomailla asuva henkils, joka
on tieteellisesti ansioitunut jollakin suomalaisia geologeja kiinnostavalla
alalla tai muuten edistinyt seuran tarkoitusperid. Kirjeenvaihtajajiseneksi
kutsuminen on tehtivi samalla tavalla kuin kunniajésenen.

Ulkomaiseksi jéseneksi seura voi valita kahden kotimaisen jésenen ehdo-
tuksesta jokaisen sitd haluavan ulkomaisen geologin.

Henkil6itd, jotka eivit ole Suomen kansalaisia, saa seuran jéiseniné olla
enintddn 1/3 seuran koko jidsenluvusta.

Kotimaiseksi jédseneksi seura voi valita kahden jisenen ehdotuksesta Suo-
men kansalaisen, jonka tiedoillaan tai toiminnallaan katsotaan voivan edis-
tdd seuran tarkoitusperii.

5 §. Kunniapuheenjohtajalla, kunniajisenilld ja kirjeenvaihtajajisenilli
ei ole mitdin taloudellisia velvollisuuksia. Ulkomaiset ja kotimaiset jisenet
suorittavat joko vuosimaksun tai kertakaikkisen jdsenmaksun, joka on voi-
massa oleva vuosimaksu 15 kertaisena. Jésenen, joka 20 vuotena on suo-
rittanut jisenmaksunsa, seuran hallitus voi vapauttaa jisenmaksun suorit-
tamisesta. Vuosimaksun suuruudesta pédtetddn vuosikokouksessa.

6 §. Jisen voi erota seurasta ilmoittamalla siitd suullisesti seuran ko-
kouksen poytédkirjaan tai kirjallisesti seuran hallitukselle tai sen puheen-
johtajalle. Ellei jasen huomautuksesta huolimatta ole suorittanut edellisen
vuoden jisenmaksua, seuran hallitus voi erottaa hinet seurasta.

Hallinto

7 §. Seuran asioita hoitaa yhdistyslain, ndiden sdéntéjen ja seuran ko-
kousten pédtosten médraamailld tavalla seuran hallitus. Hallitus on péétos-
valtainen neljidn sen jdsenen ottaessa osaa asiain kisittelyyn, puheenjohtaja
tai varapuheenjohtaja mukaan luettuina.

Seuran hallituksen muodostavat puheenjohtaja, joka samalla on seuran
puheenjohtaja, varapuheenjohtaja, sihteeri, rahastonhoitaja ja kolme lisé-
jisentd, joiden kaikkien on oltava kotimaisia jésenid.

8 §. Varapuheenjohtajan ja lisdjisenet valitsevat kotimaiset jédsenet
vaalikokouksessaan yhdeksi vuodeksi, eiké heitd voida valita samaan, tehté-
viaan lihinngd seuraavaksi vuodeksi. Kuluvan vuoden varapuheenjohtaja
siirtyy seuraavan vuoden puheenjohtajaksi. Samassa kokouksessa valitaan
vuorovuosina sihteeri ja rahastonhoitaja kahdeksi vuodeksi. Milloin seuran
toimihenkilon tai hallituksen lisédjdsenen paikka vapautuu ennen toimikau-
den padttymistd tai asianomainen on jostakin syystd maéédrdajan estetty
hoitamasta tehtdviddn, tdytetddn se toimikauden loppuun seuran seuraa-
vassa kokouksessa.

Sihteerille ja rahastonhoitajalle maksetaan hallituksen méaédradama palkkio.
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9 §. Seuran toiminta- ja tilivuosi on kalenterivuosi.

10 §. Seuran nimen kirjoittaa puheenjohtaja tai varapuheenjohtaja,
jompi kumpi yhdessi sihteerin kanssa.

11 §. Puheenjohtaja johtaa puhetta seuran ja hallituksen kokouksissa.
Hin on oikeutettu ottamaan osaa asiain kisittelyyn kaikissa seuran toimi-
kunnissa.

Puheenjohtajan ollessa estynyt varapuheenjohtaja hoitaa hinen tehté-
vidan.

Sihteeri valmistelee seuran ja hallituksen kokoukset sekd neuvoteltuaan
ensin puheenjohtajan kanssa kutsuu ne koolle, pitdd poytikirjaa kokouk-
sissa, huolehtii niissd tehtyjen péddtosten toimeenpanosta, laatii vuosikerto-
muksen, pitdd luetteloa seuran jisenistd sekd hyviksyy laskut ja valvoo
seuran julkaisutoimintaa hallituksen pédatosten mukaisesti. Hénen ollessaan
estynyt toimii rahastonhoitaja héinen sijaisenaan.

Rahastonhoitaja hoitaa seuran varoja ja pitééd niistd tilid, seka huolehtii
seuran omaisuudesta ja julkaisujen jakelusta. Hénen on esitettivi hallituk-
sen puolesta edellisen vuoden tilit tilintarkastajille tammikuun kuluessa.

Hallitus voi jattada sopiviksi katsomiaan kysymyksié ja asioita toimikun-
nan tai yksityisen jésenen kisiteltdvaksi ja hoidettavaksi.

12 §. Vuosikokouksessa valitaan kaksi tilintarkastajaa ja heille kaksi
varamiestd tarkastamaan kuluvan vuoden taloudenhoitoa ja tileja. Heidén,
on annettava niistd lausunto hallitukselle seuraavalle vuosikokoukselle esi-
tettdviksi enintdin 3 pédivad ennen kokousta.

Kokoukset

13 §. Seuran kokouksissa pidetdén esitelmia, keskustellaan ja kisitelldin
seuran tyoalaan kuuluvia asioita. Niissd on kaikilla jésenilli puhevalta.
Jisenien, jotka haluavat pitid kokouksissa esitelmid tai tiedonantoja, on
sovittava siitd ennakolta sihteerin kanssa.

My®s seuraan kuulumattomat voivat puheenjohtajan tai sihteerin luvalla
olla lasnd kokouksissa.

14 §. Seuran vaalikokous pidetdén joulukuussa. Sihteeri voi kuitenkin
puheenjohtajan kanssa neuvoteltuaan kutsua seuran tarpeen vaatiessa ko-
koukseen vaaleja varten muulloinkin.

15 §. Helmikuussa pidettdvéssd vuosikokouksessa

— esitetddn edellisen vuoden toimintakertomus,

— esitetddn edellisen vuoden tilinpaétos ja tilintarkastajien lausunto edel-
lisen vuoden taloudenhoidosta ja tileistd,

— péadtetdidn tilinpaatoksen vahvistamisesta ja vastuuvapauden myon-
témisestd hallitukselle ja rahastonhoitajalle,
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— valitaan tilintarkastajat ja heidin varamiehensi,

— maédratdan kuluvan vuoden vuosimaksu.

16 §. Kaikilla kotimaisilla jdsenilld on &dénioikeus ja ddnestyksissd rat-
kaisee, ellei sddnnoissd ole muualla toisin médritty yksinkertainen #inten
enemmistd ja ddnten mennessid tasan puheenjohtajan déini.

17 §. Kutsut kokouksiin on toimitettava jésenille joko viimeistdin nelji
pdivad ennen kokousta postitse tai viimeistdén neljd péivida ennen julkais-
tulla sanomalehti-ilmoituksella. Kutsuttaessa kokoukseen, jossa kisitelldin
yvhdistyslain 14 §:ssd mainittuja asioita, on siitd kokouskutsussa erikseen
mainittava.

Erityissdddoksid

18 §. Sdédntojen muuttamista haluttaessa on siitd seuran jonkun tai
joidenkin jasenien tehtévi kirjallinen ehdotus hallitukselle, jonka on val-
mistettava asia ja esitettdvi se seuran kisiteltdviksi kahdessa perdttiisessd
kokouksessa. Muutosehdotuksen hyviksymiseen vaaditaan, ettd vahintdan
kaksi kolmasosaa néissi kokouksissa annetuista danistéd sitd puoltaa.

19 §. Ehdotus seuran purkamisesta kisitellidn samalla tavalla kuin
sddntojen muutosehdotus.

20 §. Jos seura purkautuu tai lakkautetaan, on sen jiljelle jadneet varat
kiytettavi sellaisiin tarkoituksiin, joiden hyvéksi seura on toiminut.



THE BY-LAWS OF THE GEOLOGICAL SOCIETY OF FINLAND

(Revised Dec. 17, 1950 and Feb. 19, 1953)

Name and purpose

1 §. Suomen Geologinen Seura — Geologiska Sallskapet i Finland ry.
is a registered corporation, the headquarters of which is situated in the city
of Helsinki and the official languages of which are Finnish and Swedish.
The corporation is called Society in these By-Laws.

2 §. The purpose of the Society shall be to promote geological and mi-
neralogical research work in our country and to foster interest in these
sciences.

In pursuance of its aims the Society shall hold meetings, edit and pub-
lish scientific and popular works, arrange excursions and employ similar
methods. The Society may act as publisher, accept donations and legacies
and possess real estate. When necessary the Society shall obtain permission
from those concerned for its operations.

Membership

3 §. The membership of the Society shall be classified as Honorary
President, Honorary Members, Correspondents, National Members and
Foreign Members.

4 §. The Society may elect a National Honorary Member as its Honorary
President. There shall not be more than one Honorary President at a time.
The motion to elect an Honorary President shall be made by the Council. The
election of the Honorary President shall be conducted in the same way as
that of an Honorary Member, as prescribed in the following.

Honorary Membership may be extended to any person of Finnish or for-
eign nationality who is exceptionally distinguished for his scientific attain-
ments in the field represented by the Society or who has effectively fourthered
the aims of the Society through other activities. The number of Honorary
Members shall be limited to ten. Nomination to Honorary Membership shall



Suomen Geologinen Seura. N:o 33. Geologiska Sillskapet i Finland. 17

call for a well-founded proposition by two Finnish members submitted in
writing to the Council. If the Council recommends the nomination, the
election shall take place at two successive meetings, when three fourths of the
votes are required in favor of the motion for final acceptance.

Eligible for election as Correspondent is any person resident abroad who
is noted for scientific achievements of special interest to Finnish geologists
or who has otherwise furthered the aims of the society. Invitation to mem-
bership of a Correspondent shall be carried out in the same way as of an
Honorary Member.

Any foreign geologist desirous of membership may be elected to the
Society as a Foreign Member if proposed by two Finnish members.

The number of Foreign Members shall not exceed a third of the total
membership.

Any Finnish citizen whose knowledge or activity is deemed likely to
further the ends of the Society may be elected a Member on the proposition
of two Members.

5 §. The Honorary President, Honorary Members and Correspondents
shall not be required to pay dues. Members and Foreign Members shall pay
either the annual dues or the dues for a life membership, which is a single
payment fifteen times the annual dues. The Council of the Society may free
from further payments any Member who has payed the annual dues for 20
years. The amount of the annual dues shall be decided at each annual
meeting.

6 §. A Member may announce withdrawal from the Society orally at a
meeting for the minutes or by a written notification to the Council or to
the President of the Society. If a Member, disregarding admonition, has
not payed his dues for the previous year, his membership may be terminated
by the Council of the Society.

Administration

7 §. The affairs of the Society shall be administered by the Council
according to the By-Laws and the resolutios of the meetings. Four members
of the Council, including the Chairman or the Vice-Chairman, shall constitute
a quorum in dealing with affairs of the Society.

The Council of the Society shall be formed by the Chairman, who is at
the same time the President of the Society, the Vice-Chairman, the Secre-
tary, the Treasurer, and three additional members, all of whom shall be
national members.

8 §. The Vice-Chairman and additional members of the Council shall be
elected by national members for a term of one year at the electoral meeting,

3 2192—61[1,
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and they shall not be eligible for the same office the following year. The
Vice-Chairman of the current year succeeds to the chairmanship the follow-
ing year. The Secretary and the Treasurer shall be elected at the same meet-
ing every other year for a term of two years. Upon a vacancy’s occurring
in the Council or in any other office before the end of the term or when an
officer is prevented from performing his duties for any length of time, the
vacancy shall be filled by the next meeting for the remainder of the term.

The Secretary and the Treasurer shall receive compensation as fixed by
the Council.

9 §. The Fiscal Year of the Society is the calendar year.

10 §. The President and the Vice-President, one of them together with
the Secretary, shall be authorized to sign the name of the Society.

11 §. The President shall preside at the meetings of the Society and the
Council. He shall be entitled to participate in the work of all the Commit-
tees of the Society.

The Vice-President shall assume the powers and duties of the President
in the latter’s absence.

The Secretary shall prepare the Meetings of the Council and the Society
and he shall convene them after consultation with the President, keep the
minutes at the meetings, see to the execution of resolutions passed at meet-
ings, submit an Annual Report, keep a complete list of members, accept
bills, and supervise the publishing activities of the Society according to the
resolutions of the Council. In his absence the Treasurer shall act as his
deputy.

The Treasurer shall be in charge of the funds of the Society, and keep
records of them, look after all property belonging to the Society and man-
age the distribution of its publications. He shall submit the annual finan-
cial statement on behalf of the Council to the Auditors during the month
of January.

The Council may entrust appropriate questions and tasks to a Committee
or individual member to be dealt with.

12 §. At the Annual Meeting two Auditors and their deputies shall be
elected to examine the accounts and financial operations of the current year.
They shall deliver their report to the Council not later than three days before
the Annual Meeting, to which it shall be submitted.

Meetings

13 §. At the meetings lectures shall be held, and matters belonging to
the sphere of interest of the Society shall be discussed and dealt with. All
members shall have the right to speak at meetings. Members who want to
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give a talk or report shall make arrangements in advance with the Secre-
tary.

Also non-members may be allowed by the President or the Secretary to
be present at meetings.

14 §. The electoral meeting shall be held in December. The Secretary
may, after consultation with the President, convene the Society for an
electoral meeting at other times as well.

15 §. The order of business at the Annual Meetings in February shall
be the following:

— Annual Report for the past year is submitted.

— The financial statement of the past year and the report of the Audi-
tors upon the accounts and business management are submitted.

— Decision is made upon approving the accounts and releasing the Coun-
cil and the Treasurer from responsibility.

— The Auditors and their deputies are elected.

— The Annual Dues are fixed for the current year.

16 §. All national members have the right to vote and a simple ma-
jority shall be decisive; in the event of a tie the vote of the President shall
be decisive.

17 §. The members shall be called to meetings on not less than four
day’s notice by post or by an announcement in the newspapers published
not less than four days in advance. If matters touched on in Section 14 of
the Association Act are to be dealt with at any meeting mention of them
shall be made in, the invitation to attend.

Special Regulations

18 §. Any member or members of the Society proposing an amendment
of the Rules shall submit a written proposal to the Council, who shall in-
vestigate and prepare it and submit it to the Society at two successive meet-
ing. The proposal of an amendment shall be adopted if two thirds of the
votes given at these meetings are in favor of it.

19 §. Any proposal to dissolve the Society shall be treated in the same
way as a proposed amendment.

20 §. If the Society be dissolved or suppressed, the remaining funds
shall be used toward the same ends as the Society pursued during its period
of activity.
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GEOLOGISEN SEURAN PUHEENJOHTAJAT, STHTEERIT JA RAHASTON-
HOITAJAT 1937—1961

THE PRESIDENTS, VICE-PRESIDENTS, SECRETARIES AND TREASURERS
OF THE GEOLOGICAL SOCIETY 1937—1961

1937
1938
1939
1940
1941

1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961

Puheenjohtaja
President

W. W. Wilkman

Erkki Mikkola

Heikki Viyrynen
»

Erkki Kivinen

Aaro Hellaakoski
Esa Hyyppi

Th. G. Sahama
Martti Salmi
Paavo Haapala
Aarne Laitakari
Erkki Aurola
Ahti Simonen
Martti Saksela
A. A. Th. Metzger
Kalervo Rankama
Maunu Hirme
Urpu Soveri
Veikko Vahitalo
Martti Salmi

K. J. Neuvonen
K. Virkkala
Aarno Kahma
Juhani Seitsaari
Karl Mélder

Varapuheenjohtaja.
Vice-President

Erkki Mikkola
Heikki Véayrynen
Erkki Kivinen

»

Aaro Hellaakoski

Esa Hyyppéa

Th. G. Sahama
Martti Salmi
Paavo Haapala
Aarne Laitakari
Erkki Aurola
Ahti Simonen
Martti Saksela
A. A. Th. Metzger
Kalervo Rankama
Maunu Héirme
Urpu Soveri
Veikko Vahitalo
Martti Salmi

K. J. Neuvonen
K. Virkkala
Aarno Kahma
Juhani Seitsaari
Karl Mélder
Aimo Mikkola

Sihteeri Rah.hoitaja
Secretary Treasurer
Esa Hyy;;pii

Th. G. Sahama
»
Sampo Kilpi
Sampo Kilpi ja
Martti Salmi
Martti Salmi
»
V. Piikkoénen
Kalervo Rankama
» ja K. Virkkala
K. Virkkala
»
Mauno Hirme
Simo Kaitaro
»

V. Okko Reino Repo
» »
Arvo Matisto »
» I. Salli
Valto Veltheim »
» »
H. Ignatius »
» »
Raimo Lauerma »
» Kauko Me-

rildinen
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SUOMEN GEOLOGISEN SEURAN JASENLUETTELO 1886—1961

LIST OF MEMBERSHIP OF THE GEOLOGICAL SOCIETY
OF FINLAND 1886—1961

Seuran jasenluetteloita alkuajoilta ei ole siilynyt ollenkaan. Ensimméi-
nen sangen epétdydellinen on vuodelta 1897, ja sitd seuraava vuodelta 1906.
Téaydellista ja tdysin luotettavaa jasenluetteloa ei siis ole voitu tehda. Tahan
luetteloon on alkuajoilta otettu ne pdytédkirjoissa mainitut henkilt, jotka
otaksuttavasti ovat olleet jisenind. Liittymisvuodet ovat usein epdvarmoja;
tietojen puutteessa on tdytynyt ottaa se vuosi, jolloin henkilé on ensi kerran
poytikirjoissa mainittu. Vuodesta 1914 ldhtien ovat tiedot luotettavampia;
tarkat jdsenluettelot on vasta v:sta 1928 lihtien.

Kunniapuheenjohtaja — Honorary President
Eskola, Pentti, prof. 1953—

Kunniajisenet — Honorary Members

Eskola, Pentti, prof. 1943— kunnia-
puh.joht. 1953
Borgstrom, L. H., prof. 1948—71954
Wahl, Walter, prof. 1956—
Laitakari, Aarne, prof. 1961—
Wegmann, Eugen, prof. 1961—

Kirjeenvaihtajajasenet — Corresponding members

Vendl, A., prof., Hungary 1931—
Opik, A., prof., Australia 1931—
Wegmann, Eugen, prof., Switzerland 1931—1961
Kunniajésen v:sta 1961
Magnusson, Nils H., prof., Sweden 1933—
Goldschmidt, V. M., prof., Norway 1936—11947
Wojno, Tadeusz, prof., Poland 1936—
von Eckermann, Harry, prof., Sweden 1939—
Lougee, Richard, prof., USA 1940—+11960
Flint, Richard F., prof., USA 1940—

Cloos, Hans, prof., Germany 1941—7+1951
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Cloos, Ernst, prof., USA

Niggli, Paal, prof., Switzerland

Sander, Bruno, prof., Austria

Bowen, Norman 8., prof., USA

Barth, Tom. ¥. W., prof., Norway
Ramdohr, Paul, prof., Germany
Szadeczky-Kardoss, Elemer, prof., Hungary

Ulkomaiset jédsenet — Foreign members

Tegengren, F. R., fil. toht.

Kranck, E. H., prof., Canada (Finland)
Backlund, Helge, prof., Sweden
Wegmann, Eugen, prof., Switzerland

Frauenfelder, H., toht. ins.

Barbour, G. E., prof., USA

Geol.-pal. Inst. d. Univ., Basel

Min.-petr. Inst. d. Univ., Basel

Collet, L. W., prof., Switzerland
Argand, E., prof., Switzerland

Bruce, E. L., prof., Canada

Biitler, H., fil. toht., geol., Switzerland
Dellwik, B., vuori-ins., Sweden

Fisch, E. W., fil. toht., Switzerland
Staub, R., prof., Switzerland

Ebert, H., prof., Germany

Gevers, T. W., prof., South Africa
Homma, F., prof., Japan

Griissner, A. J., cand. rer. nat.
Noe-Nygaard, Arne, prof., Denmark
Wenk, Eduard, fil. toht., Switzerland
Malkowski, St., prof., Poland

Mellis, Otto., prof., Sweden

Zans, Verners, fil. toht., Jamaica
Hietanen, Anna, fil. toht., USA (Finland)
Popoff, Boris, prof., Latvia

Zeidler, Waldemar, vuori-ins., Sweden
Hall, A. Jean, M. A., Great Britain
Joensuu, Oiva, fil. maist., USA (Finland)
Mogensen, Fredrik, vuori-ins., Sweden
von Knorring, Oleg, fil. maist., Great Britain (Finland)
Adamson, Olge, fil. toht., Norway

Grip, Erland, fil. toht., Sweden
Dahlstrém, Elis, fil. lis., Sweden

Du Rietz, Torsten, fil. toht., Sweden
von Gaertner, Hans Rudolf, fil. toht., Germany
Eigenfeld, Rolf, fil. toht., Germany
Martna, Jiri, fil. lis., Sweden

1947—
195211953
1952—
1952—11956
1960—
1960—
1960—

1897—1905
1916—
1917—+1958
1927—1931

1924—1926
1928—
1928—1931
1928—
1929— 11957
1931—1940
1931—+1949
1931—
1931—1934
1931—1934
1931—1932
1933—
1933—
1933—
1934—1935
1934—
1934—
1935—
1935—
1936—
1936—
1936—11950
1936—
1937—
1937—
1938—1951
1939—
1941—
1942—
1942—
1942
1942
1942—1945
1944

kirj.

vaiht.jdsen v:sta 1931
kunnia » »

1961
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Jaanusson, Valdar, fil. lis., Sweden
Gavelin, Sven, prof., Sweden
Hjelmqvist, Sven, prof., Sweden
Kulling, Oscar, fil. toht., Sweden
Landergren, Sture, fil. toht., Sweden
Meier, Otto, fil. toht., Sweden
Wickman, Frans E., prof., Sweden
Odman, Olof H., prof., Sweden
Brognon, Georges, ins. geologi, Portugal
Ahrens, L. H., fil. toht., USA
Fromm, Erik, fil. toht., Sweden

van Straaten, L. M. J. U., fil. toht., Netherlands

Frederickson, A. F., prof., USA
Roubault, Marcel, prof., France
Hagner, Arthur, fil. toht., USA
Suisse, M., geologi, Ivory Coast
Jarnefors, Bjorn, fil. lis., Sweden
Marklund, Nils, fil. lis., Sweden
Hejtman, Bohnslaw, fil. toht., Czecho-Slovakia
de Waard, D., fil. toht., Netherlands
Chen Kwan Yan, fil. lis., China
Graeter, Paul, fil. toht., Switzerland
Kullerud, Gunnar, fil. toht., Norway
Preston, John, fil. toht., Great Britain
Shaw, Dennis, fil. toht., Canada
Wells, Maurice, fil. toht., Great Britain
Sahlin, Anders, fil. maist., Sweden
Tisler, Janko, fil. toht., Jugoslavia
Eriksson, Tryggve, fil. lis., Sweden
Kautsky, Gunnar, fil. toht., Sweden
San Miguel, Alfredo, prof., Spain
Fuster, José, prof., Spain

Yoder, Hatten S., fil. toht., USA
Melcher, Geraldo, dipl. ins., Brasil
Sandrea, Andre, toht., France
Watanabe, Takeo, prof., Japan
MacLeod, John, fil. maist., Canada
Heurtebize, Georges, geologi, France
Lelubre, Maurice, fil. toht., Algeria
Dutt, A., geologist, India

Foyn, Sven, fil. toht., Norway
Gjelsvik, Tor, fil. toht., Norway
Schachner, Doris, fil. toht., Germany
Welin, Erie, fil. lis., Sweden

Shuaib, Saiyed Mohammed, fil. toht., Pakistan
Brotzen, Otto, fil. lis., Sweden

Disler, Jiirg, fil. toht., Canada

Ryan, Donald J., fil. toht., USA
Linnman, Gunnel, fil. maist., Sweden
Carstens, Harald, fil. kand., Norway

1944—
1945—
1945—
1945—
1945—
1945—
1945—
1945—
1945—
1947—1956
1947 —
1947 —
1947—1956
1948—
1948—
1949—
1949—
1949—
1949—
1949—
1949—
1950—
1950—
1950—
1950—
1950—
1951—
1952—
1952—
1952—
1952—
1952—
1952—
1952—
1952—1954
1952—
1952—
1953—
1953—
1953—1954
1953—
1953—-
1953—
1953—
1953—
1953—
1954—
1954—
1955—
1956—

23



24 Bulletin de la Commission géologique de Finlande N:o

Franco, Rui Ribeiro, prof., Brasil
Ginthert, A., fil. toht., Switzerland
Hessland, Ivar, prof., Sweden
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Aartovaara (Abrahamsson), G., vuori-ins., lehtori
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Lindberg, H., fil. toht., yliopiston kustos
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Jantunen, P., ylioppilas, liikemies

Lagerblad, S.

Sundell, I. G., vuori-ins., rahapajanjohtaja
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Kyrklund, H., ins., prof.
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Lokka, Lauri, fil. toht., prof.
Metzger, A. A. Th., fil. toht., prof.
Brenner, M. W., fil. toht., dosentti
Saksela (Saxén), Martti, fil. toht., prof.
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Heiskanen, V. A., prof.

Salmi, Martti, fil. toht., dosentti
Mattila, Jorma, fil. maist.

Parras, Kauko, fil. toht.
Héyrynen, Matti, dipl. ins.
Stahlberg, Elsa, fil. maist.
Soininen, Antti, fil. maist.
Hiérme, Mauno, fil. toht., dosentti
Mikkola, Toivo, fil. maist.
Rosendahl, L. Erkki M., ylioppilas
Salminen, Kyllikki, fil. lis.
Tammekann, August, prof.
Aulanko, Heikki, dipl. ins.
Laakso, Perttu, fil. toht.
Nisonen, Eino, fil. maist.

1933—1948

1933—195111961

1933—?
1933—
1934—11948
1934—
1935—
1935—
1935—?
1936—
1936—
1936—11938
1936—
1936—
1936—
1936—+1944
1936—
1936—
1936—
1936—
1936—
1936—
1936—
1937—
1937—
1937—
1937—+11943
1937—
1937— 11944
1937—
1937—
1937—
1937—
1937—+1944
1987—
1938—
1938—
1938—
1938—
1939—1953
1939—+1954
1939—1945
1939—
1939—
1939—+1944
1939—
1941—+1959
1941—
1941—1951
1941—



Suomen Geologinen Seura.

Lunnasvaara, Viiné, fil. maist.
Soveri, Urpu, fil. toht., dosentti
Enkovaara, Antti, fil. maist.
Hémiildinen, Viljo, fil. maist.
Mikkola, Aimo, prof.

Seitsaari, Juhani, apul. prof.
Vahervuori, Teuvo, ylioppilas
Vaasjoki, Oke, fil. toht., dosentti
Saraste, Ahti, geologi

Linna, Antti, dipl. ins.
Kotilainen, Mauno J., prof.
Halinen, Vihtori, geologi-insinééri
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SUOMEN GEOLOGISEN SEURAN RAHA-ASTAT 1924—1960

SUMMARY OF FINANCES OF THE GEOLOGICAL SOCIETY 1924—1960

Sadsto

Jisen-

Vakituinen

Yli-

Ylipainok-

Vuosi ‘igfg;- maksuja | valtionapu ﬂﬁﬁfﬁ;ﬁ Korkoja | gjsta ym. | Menoja
1924 o .cuse 120 135 1000 — —_ 500 1385
1925 s s 05 370 1230 2 000 — = — 415
1926 ........ 3185 405 — — — — 485
1927 v sovwess 3105 840 10 000 = — = 530
1988 o imass 13 415 1460 10 000 53 000 117 — 50 752
1929 ..oaive oo 27 241 2 665 10 000 3000 785 689 21 540
1930 e coeiv s 22 840 1050 13 000 2000 149 228 24 921
1931 i iamess 15 693 4 355 13 000 7000 177 2 605 33 418
1932 ........ 9413 3300 9300 3700 887 260 8 604
1933 .o 18 256 3125 7 000 10 000 1041 613 23 195
1934 o snmisns 16 841 3325 7000 6 000 730 1689 21 641
1935 . 13 945 4075 7000 9000 892 940 1944
1986 w5 s w5 34078 3424 7000 5000 1325 100 51273
1937 cvccmues 5 655 4277 8000 26 000 248 — 15 055
TO38 vccaie orwin 23 126 1750 22 000 15 000 522 — 41137
1939 .5« 5y s ¢ 21 262 — 16 500 7500 729 - 21144
1940 ........ 24 847 - 12 500 14 000 1117 4625 21798
1941 . 56 602 8800 4500 28 000 1266 1342 12 564
1942 o s mivs 87 946 4 825 4 500 35 250 2915 265 51 626
1943 ........ 84 066 3875 4500 25 000 3167 345 42 497
1944 ........ 93 457 — 4500 24 000 4037 — 35284
1945 i oo s 108 994 19575 4 500 30000 4 333 5485 102 965
1946 ........ 70070 19 940 4500 52000 1905 — | 124085
1947 . 24 330 19 849 4500 160 000 4773 | 232049 418992
1948 o5 o 5o s 26 513 39 098 144 000 39398 | 246 721 371 838
1949 ........ 123 890 37703 80 000 295 000 4554 | 117805, 324919
19D0) s s s s 341 843 53 513 100 000 200 000 8096 19950 | 325011
1961, cwszmmes 398 391 49 573 120 000 280 000 11 256 18920 708114
1952 ........ 170 026 64 300 180 000 300 000 6 604 35170 | 658393
1953 . 97 707 132 388 180 000 320 000 5689 32500| 603307
1954 oismims s 164 977 119 494 600 000 7402 128 727 864 751
1955 ........ 165 839 69 900 500 000 11 247 55270| 620899
1956 . 181 357 61 500 500 000 5104 116 840 | 698 660
2 Ly e — 166 301 69 100 500 000 2304 122829 | 1721369
1958 ........ 159 805 58 400 900 000 2603 | 110853 | 1042985
1989 o g g o u ¢ 188 676 67 900 1 050 000 3098 | 121645 1249817
1960 s vsmias 182 082 98 194 850 000 3718| 199008 | 1633022
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SUOMEN GEOLOGISEN SEURAN KOKOUSTEN ESITELMAT JA
TIEDONANNOT 1936—1961

LECTURES AND COMMUNICATIONS DELIVERED AT THE MEETINGS
OF THE GEOLOGICAL SOCIETY 1936—1961

1936

H. Kranck: Om intrusion och tektonik i Vistra Skargérden.

Aurola: Postglasiaalinen rannansiirtyminen Varsinais-Suomessa.

Eskola: Ruokolahden Suur-Lintusaaren pallograniitti.

Kilpi: Sotkamon reitin Kainuun mydohéisglasiaalisesta kehityksest.

. Saksela: Havaintoja Pohjois-Ruotsin ja Norjan kiisumalmialueilta.

Eskola: Geologian merkitys eldmén perustan tutkimuksena ja ihmisen maailman-
kuvan perustana.

. H. Kranck: Finlands urberg och den internationella geologiska forskningen.
Aarne Laitakari: Suomen geologisen seuran 50-vuotishistoriikki.

H WErH=EH

1937

Antti Salminen: Savien raekokoomuksen alueellisesta vaihtelusta.

E. Hyyppé: Terijoen pohjavesipurkaus.

Aarne Laitakari: Uusi suomalainen geologikompassi.

E. H. Kranck: Om svecofenniderna i Sverige och Finland.

P. Eskola: Rapakiilteen rapautumisesta.

M. Sauramo: Hiili aineksena kerrallisessa savessa.

H. Viyrynen: Petsamon nikkelimalmin synnystéd ja sijoittumisesta.

M. Sauramo: Muistelmia kansainvilisen kvartédrigeologiyhtymén kolmannesta kon-
gressista Wienissé syyskuun 1—6. péiving 1936.

P. Eskola: S. Hitchenin diagrammista, joka osoittaa kvartsin liukenevaisuutta vedessé
eri lampétiloissa. ‘

Aarne Laitakari: Néaytteitd ja kuvia Norjan kiisumalmeista.

H. Viyrynen: Petsamon alkalirikkaista kivilajeista.

Anna Hietanen: Lapuan Simsiénvuoren kvartsiitista.

A. Hellaakoski: Vuoksen puhkeamisdeltta.

Th. Brenner: Harjuaineksen sisédsté 16ydetty savikimpale.

P. Eskola: Moskovan geologikongressin 1937 Kuollan-retkesté.

M. Saksela: Kesdn 1937 malmitutkimuksista.

H. Vayrynen: Moskovan geologikongressin 1937 Karjalan ja Aunuksen retkilté.
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. Hyyppé: Eteli-Suomen postglasiaalisesta rannansiirtymisesté.
. Simonen: Kemijiarven pallograniitti.
. Savolainen: Jénisjairven Leppé#niemen dasiittikallio.

E
A
E
A. Laitakari: Lammastenkosken hiekkakivileikkaus.

1938

P. Haapala: Vaikutelmia Sudburyn nikkelimalmialueelta.

E. Savolainen: Fossiileja sisiltivd kalkkikivilohkare Koitonjérveltd Suistamosta.

E. Mikkola: Ité-Lapin kallioperdsté.

—»— Lapin kallioperd# granuliittialueelta Lénsi-Lappiin.

. Salminen: Maalajiemme raekokoomus pystysuorassa suunnassa.

. Vayrynen: Mikrokuvia Petsamon nikkelimalmeista.

. Sauramo: Pohjamoreenin suuntaisrakenne.

H. Borgstrém: Om mineralernas kristallstruktur.

. Saksela: Laver-Kaivos.

. Eskola: Liuskeisuuden synty.

Padkkonen: Kalsiumkarbonaatin vaikutuksesta eriisiin alkalimineraaleihin.

. Mikkola: Etu-Lapin vanhemmat kvartsiitti-liuske- ja vihreéikivimuodostumat.

Aarne Laitakari: Tafonirapautuminen ja Karhunpesakivi.

—»— Kemién tantaliitit.

O. Erametsé: Suomalaisten flogopiittien korkea rubidiumpitoisuus.

M. Sauramo: Kovelliittia siséltdvéd lohkare.

—»— Fulguriittia Kuhrische Nehrungilta.

E. Mikkola: Kuopion kallioperdkarttalehti Wilkmanin kuvaamana.

E. Aurola: Outokumpu Oy:n suorittamat malmitutkimukset Pohjois-Karjalassa
1935—38.

E. Mikkola: Uusi kallioperdkartoitus Eteld-Suomessa.

—»— Kumpu-Oraniemen muodostuma.

HAWEEREP

1939

E. H. Kranck: Labradorkustens betydelse for den geologiska konnektionen mellan
Nordamerika och Gronland.

P. Eskola: Hiilen kiertokulku.

E. Kivinen: Moreenimaiden ominaisuuksista vaara-alueilla.

Th. Brenner: Skred i Ilmajoki.

H. Viayrynen: Outokummun alueen tektoniikasta.

Leo Aario: Kolosjoelta loydetyistéd pyoridisen luista.

Harry von Eckermann: De alkalina bergarternas genesis i belysning av nya forsknings-
ron fran Alnon.

M. Sauramo: Suomen metsien historia.

Th. G. Sahama: Wiikiitin maametallikokoomuksesta.

Paul Thomson: Interglasiaalinen suo Virossa.

P. Eskola: Yliopiston mineralogis-geologisella laitoksella rakennetut kidemallit.

H. Vayrynen: Pohjois-Karjalan liuskemuodostumien stratigrafiasta.

K. Rankama: Silikaattianalyysin piithapposakan sisdltdméstd epdpuhtauksista.

P. Eskola: Honkilahden rapakivesté tavatusta kidekellarista ja sen mineraaleista.
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1940

Martti Salmi: Patagonian postglasiaalisista purkauskerroksista.

Kalervo Rankama: Geokemiallisesta prospektauksesta.

A. A. Th. Metzger: Om cementpetrografi.

P. Eskola: Uusia yliopiston geologian laitoksella valmistettuja kiderakennemalleja.
Anna Hietanen: Appalakien itdisen osan geologiasta.

Thord Brenner: Slamstenssedimentet i Muhos.

1941

Veikko Okko: Rantaviivan siirtymisesta Oulujdrven ympéristosséd ja Oulujoen etelé-
puolella.

Kalervo Rankama: Niobia ja tantalin esiintymisestd muutamissa Suomen peruskallion
graniiteissa.

—»— Lausunto kauppa- ja teollisuusministeriélle geologisen toimikunnan perustellusta
ehdotuksesta niistd muutoksista, joita toimikunnan kéyténnéllisgeologisen tut-
kimustyon tehostaminen aiheuttaa geologisesta toimikunnasta voimassa olevaan
lakiin ja asetukseen.

Toini Mikkola: Neulakvartsista.

Matti Sauramo: Jéén ja vesipeitteen perdytyminen Joensuun itépuolella.

Kauko Parras: Lansi-Uudenmaan kallioperésta.

Hans Cloos: Uber Struktur und Funktion von vulkanischen Tuffschloten.

Aarne Laitakari: Ylimaan labradorikivikallio.

August Tammekann: Mannerjiaéatikén viimeinen perddntyminen Suomenlahden etelé-
puolella.

Aarno Kahma: Satakunnan oliviinidiabaasin kontakteista.

1942

Matti Sauramo: Ité-Karjalan kvartddristi.

Pentti Eskola: Hugo Struntzin Mineralogische Tabellen.

Anna Hietanen: Kalannin alueen geologiasta.

Thord Brenner: Geologisia havaintoja Oulujoen Pyhédkosken ympiéristossa.
Pentti Eskola: Itd-Karjalan geologiasta.

1943

Karl Mélder: Resenttisten piilevien merkitys kvartéirigeologisessa tutkimuksessa.
W. Wahl: Om méjligheterna att bestémma orogenesernas alder.

Aarne Laitakari: Unkarin kaivannaisista.

Heikki Véayrynen: Utajarven-Kiimingin liuskemuodostumasta.

Aarne Laitakari: Viron palavakivikaivoksen trilobiitti.

—»— Viron Joéhvin luona suoritetuista syvikairauksista.

0. V. Lumiala: Nykyisistd eloperiisistd sedimenteistd ja niiden synnysté.

Matti Sauramo: Karjalan kannaksen tuulenhiomista kivistd ja maalajeista.
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1944

H. Stigzelius: Geologisk beskrivning av Haveri gruvan och dess omgivningar.
V. Piaiakkonen: Reposaarella tapaamani rapakived muistuttava graniittiesiintymd.
Pentti Eskola: Kuhn-Rittmannin teoria maapallon sisuksesta.

Heikki Viyrynen: Lapin kallioperdn tektoniikasta.

1945

Anna Hietanen: Naantalin seudun geologia.

Esa Hyyppi: Vihannin rikkikiisulohkareiden emikallion etsinnésté glasiaaligeologisilla
perusteilla.

E. H. Kranck: Om Mitisvaara molybdenférekomst.

Mauno J. Kotilainen: Yhteistehtévista ja yhteistyostd kasvimaantieteen ja geologian
alalla.

Heikki Viyrynen: Pohjois-Suomen kallioperéin tektonisesta rakenteesta.

Sture Landergren: Négra drag i jirnmalmernas geokemi.

Frans E. Wickman: Nigra atomistiska synpunkter p4 den magmatiska differentia-
tionen.

Thord Brenner: Lerornas vattenhalt.

Aarne Laitakari: Geologisista hajahavainnoista.

Heikki Viayrynen: Havaintoja Eteld-Suomen kallioperin tektoniikasta.

Matti Sauramo: Rannansiirtymiset maankohoamisalueen reunavyoshykkeelli.

1946

Aarne Laitakari: Helsingin ympériston kallioperin kaivannaiset.

M. Kulonpalo: Pakilan lyijymalmi.

Martti Salmi: Soiden teknillinen kiytto ja kiyttomahdollisuudet Helsingin ldahiympi-
ristossé.

Urpu Soveri: Helsingin lihiympéristén savien teknillinen kiaytté ja tutkimus.

K. Virkkala: Teknillisesti kiyttokelpoisista sora- ja hiekkaesiintymisté Helsingin seu-
dulla.

Ahti Simonen: Hémeenlinnan alueen kallioperasti.

Aarne Laitakari: Geologista tutkimuslaitosta koskeva uusi asetus.

V. A. Heiskanen: Uutta amerikkalaista kirjallisuutta geotieteiden alalta.

K. Virkkala: Havaintoja Pohjois-Satakunnan mydhéisglasiaalisista vaiheista.

Veikko Okko: Oulunlaakson kvartaérigeologiasta.

Heikki Vayrynen: Kiteiden symmetrialuokitus ja kiderakenne.

Veikko Piaikkonen: Otanméen 16yto ja téhénastiset tutkimusvaiheet.

L. H. Borgstréom: Peridotiternas ombildning till serpentin- och talkmagnesitstenar.

Aarne Laitakari: Erditd uutuuksia maamme kaivannaisten alalta.

Esa Hyyppéd: Harjujen synty.

—»— R. Flintin kvartidrigeologinen kartta Pohjois-Amerikasta.

Heikki Vayrynen: Valon eteneminen anisotrooppisessa aineessa.

Martti Salmi: Ancylustransgressio Sippolassa.

Aarne Laitakari: Sékkijiarven labradorisoiva labradoriitti.

Aimo Mikkola: Havaintoja Pohjois-Ruotsin kallioperdkartoituksesta.
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1947

Aarne Laitakari: Someron petaliitista.

Toini Mikkola: o

Pentti Eskola: Amerikan matka.

A. Metzger: Puolangan Pihlajan kaoliinista.

Veikko Okko: Puolangan Pihlajan kaoliinin subfossiileista.

Martti Salmi: Turpeiden tuhkapitoisuudesta ja limpoéarvoista.

E. Edelman: Om reaktionen kvartsglas-kristobalit.

—»— Rapakiviesiintymisti Paraisilla.

Veikko Okko: Alavieskan rikkikiisulohkare.

Veikko Paiakkénen: Otanmien malmin ja sen ympiristéon geologisesta rakenteesta.

M. Kulonpalo: Inkeroisten rapakivessii tavatusta lyijyhohdejuoniseurueesta.

Martti Salmi: Heklan tuhkasateesta.

Ahti Simonen: Geologiser tutkimuslaitoksen kallioperikartoituksesta 1946.

Esa Hyyppi: Geologisen tutkimuslaitoksen maalajitutkimuksen uudelleenjirjestelysti.

Martti Saksela: Piirteitd malmimuodostuksesta Tampereen liuskealueella.

N. Edelman: Kemion saaristosta tavatusta todennikoéisesti postglasiaalisesta siirrok-
sesta.

L. M. J. U. van Straaten: Subaquatische Abrutschungserscheinungen.

S. Thorarinsson: Hekla utbrottet 1947.

Martti Saksela: Outokummun l6yté.

Martti Salmi: Turpeiden bitumipitoisuudesta.

Harry von Eckermann: Fran Alné omradet.

Heikki Tuominen: Bergenin alueen geologiasta.

Thord Brenner: Jostedalsbri.

Aarne Laitakari: Sulitjelmasta ja Blaamandsisenilti.

1948

Tivari Leiviska: Kerrallisen saven hiilipitoisuudesta.

Mauno Hirme: Preglasiaalisesta rapautumisesta Tyrvaalla.

Nils Edelman: Tektoniken vid Gullkronafjirden.

Aarne Laitakari: Vihannin tuulenhiomista kivisté.

Matti Sauramo: Néytetiheys siitepolyanalyysissa.

V. Marmo: Suojun vulkaanisen kompleksin tulivuoritoiminnasta ja siind syntyneistd
laavoista.

Erkki Aurola: Eraitd glasiaaligeologisia havaintoja Karjalasta.

Tivari Leiviské: Satakunnan hiekkakivesté.

Mauno Hérme: Kemin ympiriston kallioperé.

Ahti Simonen: Geologisen tutkimuslaitoksen kallioperikartoituksesta kesalld 1947.

Tivari Leiviskd: Maankohoamisesta ja vajoamisesta.

Martti Saksela: Lappajdrven kérndiitti ja sen levidminen irtolohkareina.

Nils Edelman: En porfyrgranit i véstra Hitissocknen.

Heikki Tuominen: Orijarven Mg-Al-rikkaitten kivien rakenteellinen sijainti ja kysymys
magnesiametasomatoosista.

Pentti Eskola: Lontoon geologikongressin retkeilyiltd Cornwalliin ja Devonshireen.

Ahti Simonen: Lontoon geologikongressin retkeilystd Skotlantiin.

Oke Vaasjoki: Piirteitd TSekkoslovakian geologisesta tutkimuksesta ja malmiesiinty-
misté.
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1949

Veikko Okko: Geologi-lehden ilmestymisen alkuvaiheista.

Urpu Soveri: Terminen analyysi savitutkimuksemme apuna.

Th. G. Sahama: Termokemia teoreettisen petrologian aseena.

Simo Kaitaro: Kalkografisten ja réntgenografisten tutkimusten tuloksena todettu Suo-
melle uusi Pb-Sh-sulfosuolamineraali menegheniitti.

H. B. Wiik: Pyrallolit, ett mineral med déligt rykte.

A. A. Th. Metzger: En resa genom Englands bergsindustri.

Aarne Laitakari: Ruokolahden dumortieriitti.

—»— Nordsjén kartanon alueella oli todettu sihkévirran sulattamassa hiekassa synty-
neen fulguriittia.

—»— Ivigtutin kryoliitista ja sen rikastamisesta.

Veikko Piadkkoénen: Havaintoja ja péadtelmid lohkarekuljetuksesta.

Nils Edelman: Nagra morfologiska drag i Gullkrona omradet.

A. A. Th. Metzger: Syvilld olevien malmien etsinti.

Veikko Okko: Kivindytteitd Islannista.

Erkki Aurola: Havaintoja eriiltd Ruotsin kiviteollisuusalueilta.

Ahti Simonen: Geologisen tutkimuslaitoksen kallioperdosaston viimeaikaisista toisté.

1950

Oke Vaasjoki: Nakokohtia eruptiivikivianalyysien tulkinnasta ja magmadifferentia-
tiosta.

Aarne Laitakari: Suomalaisia korukivié.

Heikki Viayrynen: Kantagraniitista ja sen muodostumisesta.

Veikko Okko: Glasiaaligeologisia havaintoja Islannista.

V. Marmo: Kasvihavainnoista geologien apuna.

Martti Saksela: Lisia Pitkdrannan malmialueen mineralogiaan.

A. A. Th. Metzger: Lappeenrannan ympériston kallioperista.

Matti Sauramo: Lappeenrannan seudun kvartiddrigeologisesta kehityksesté.

M. K. Wells: Some Aspects of Scottish Geology.

Toivo Mikkola: Orijarven alueen rakennetta ja stratigrafiaa.

Martti Saksela: Pitkdnrannan malmien synnysté.

Aarne Laitakari: Geologisilta retkeilyiltda Sveitsissi.

Esa Hyyppi: Kuvia Salpausseldn rakenteesta.

A. A. Th. Metzger: Uusi kérniiittiesiintyméa Lappajirven kaakkoispuolella Vimpelissi.
Kalervo Rankama: Terveisid Chicagosta.

1951

Oke Vaasjoki: Tilijarven lillianiitista, joka on todettu seleenipitoiseksi kosaliitiksi.
V. Marmo: Kiisuliuskeista.

A. A. Th. Metzger: Glangeudin teoria magmakivilajien synnysti.

A. A. Th. Metzger: Stereogrammeista.

Heikki Paarma: Avaruusmalleista.

Heikki Viyrynen: Rikkikiisu-magneettikiisuyhtymén tasapainosuhteesta.
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E. H. Kranck: Om geologin i Kanada.

Pentti Eskola: Chubb-meteorikraaterista Labradorissa.

Juhani Seitsaari: Metamorfoosi ja syvikivet Tampereen alueen itédosassa.
Veikko Viihdtalo: Outokummun malmin hivenmineraaleista.

Heikki Viyrynen: Salonsaaren pyrokseenigneissistd, Ruokolahdella.

1952

Aarne Laitakari: Posion vermikuliitti.

Frans E. Wickman: Nagra undersokningar av variationen i kolisotopernas halt hos
olika material.

Pentti Eskola: Fluoboriitti Pitkdrannasta.

Kalervo Rankama: Rikin isotooppigeologia.

Heikki Vayrynen: Teknillisen korkeakoulun uusittu geologian laitos.

Yrjé Huuskonen: Oljyfilmeji Texasista.

Urpo Soveri: Routa ja routavauriot ruotsalaisilla teilld.

Ahti Simonen: Jokioisten aksiniitista.

Simo Kaitaro: Avan graniitin ja siihen liittyvien intrusioiden rakenteesta ja mekanis-
mista.

Martti Saksela: Kiisujen rapautumisesta.

Nils Edelman: Om migmatittektoniken.

A. von Volborth: Thalaisten apofylliitista.

Eugen Wegmann: Stockwerk-tektonik.

Aarno Kahma: Matkavahaintoja Ruotsista.

Martti Salmi: —— Lénsi-Euroopasta.

Mauno Hirme: —r— Sveitsisté.

Toini Mikkola: —— Algeriasta ja Marokosta.
Aarne Laitakari: —— —y—

V. Marmo: —y— —n—

J. Donner: —r— Brittien saarilta.

R. Lauerma: —y— Gronlannista.

Urpu Soveri: —r— Yhdysvalloista ja Kanadasta.
Oke Vaasjoki: —— ——

Olof Odman: Urbergsgeologiska problem i Norrbotten.

Erik Fromm: Kvartirgeologiska undersékningar i Norrbotten.

Matti Méintynen: Suomen tiiliteollisuudesta, sen tuotteiden ja raaka-aineiden tutki-
mustoiminnasta.

Nils Edelman: Kontakter och graniter i Gullkronaomradet.

1953

V. Marmo: Geo- ja biokemiallisesta malminetsinnéista.

Maunu Hirme: Mustion alueen rakenteesta ja stratigrafiasta.
Th. G. Sahama: Brittildisen Ité#-Afrikan nuorista vulkaniiteista.
Martti Saksela: Migmatiittien asema orogeenisessa kehityksessi.
Erkki Aurola: Stansvikin sepioliitista.

Georges Heurtebize: Adelien maan geologiasta.

6 2192—62
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Pentti Eskola: Sérniiisten keskusvankilan alueen lamprofyyrijuonesta.

A. A. Th. Metzger: Hogtemperaturkalksilikater i naturen och i klinker.

Veikko Okko: Inqua ja sen IV kongressi.

Valto Veltheim: Geologisia matkahavaintoja Brasiliasta.

Mauno Kotilainen: Hiekkakerrosten alle hautautunut suo Kuopion ylikaupungilla.
Heikki Ignatius: Itid-Kanadan kvartadrigeologiasta.

K. J. Neuvonen: Maasilvisti.

1954

Aarne Laitakari: Goteborgin geologikokouksesta.

Pentti Eskola: Kivianalyysien laskemisesta ioniprosenteissa.

—»— Uusi geologinen aikataulu.

A. von Volborth: Erdjarven Viitaniemen Li-pegmatiitin mineraaleista.
R. J. Lougee: Glacial Shoreline History in Eastern North America.
A. von Volborth: Viyryneniitista.

H. Stigzelius: Kultaesiintymiét Pohjois-Lapissa.

Paavo Haapala: Colquijircan kaivoksen geologiasta.

S. Deevey: Radiocarbon Dating.

Kauko Parras: Charnokiitti — itsendinen ongelma vaiko osa kokonaisesta.
Martti Salmi: Turvekemiallinen malminetsintémenetelmé.

A. A. Th. Metzger: Om négra grundproblem i geologin.

V. Marmo: Sierra Leonen geologiasta.

Simo Kaitaro: Keski-Saharan Hoggarista.

1955

Aimo Mikkola: Elisabeth-kupariesiintymén rakenteesta, Vermont USA.

Oke Vaasjoki: Eriis silikaatti- ja oksidimineraalien yhteenkasvettumisrakenne.
Toivo Mikkola: Priméiri- ja pseudorakenteista Karjalan kvartsiiteissa.

Heikki Viayrynen: Niinin jadhtymiskaavaan liittyvistd virhelihteisté.

Ilmari Salli: Vieskan—Himangan liuskemuodostuman rakennetta ja stratigrafiaa.
Urpu Soveri: Saviemme koostumuksesta.

Anders Kvale: Strukturundersékelser i metamorfe bergarter.

Oke Vaasjoki: Geologia Geneven atomivoimakonferenssissa.

Walter Schiitt: Glaciologiska problem, specifika for polira glacidrer.

Juhani Seitsaari: Pernion—Kemién alueen geologiasta.

1956

Paavo Haapala: Havaintoja Espanjan ja Portugalin rikkikiisumalmeista.

Pentti Eskola: Pascual Jordanin maailman syntyhistoriasta.

Hans Schneiderhohn: Allgemeines raumlich-zeitliches Vorkommen der Erzlagerstitten
in der obersten Erdrinde.

—»— Magmatische Abfolge.

Sven Gavelin: Om Visterbottens pre-kaledoniska geologi.
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Heikki Ignatius: M/S Arandan tutkimuksista kesilld 1956.

Pentti Eskola: Peruskallion iki.

Martti Saksela: Outokummun malmin synty tektonis-metamorfisen aineen mobilisa-
tion valossa.

Martti Salmi: Selostus Meksikon kansainviilisesté geologikongressista 1956.

V. Marmo: Lénsi-Afrikan timanteista.

1957

I. P. Shumilin: Uraanimalmien prospektauksesta (tulkkina V. Marmo).

Marjatta Syvinen: Rapautumisesta ja kulumisesta Lounais-Yhdysvaltojen puoli-
aavikolla.

Harry von Eckermann: Alné alkalina intrusion i belysning av gingarna i Bergeforsens
kraftstationstunnlar.

Otto Mellis: Nagra resultat av petrografiska undersékningar av djuphavssediment fran
Atlantiska oceanen.

Nils Edelman: Stratigrafin i Abo skirgard.

Ahti Simonen: Ité-Karjalan ja Kuolan kallioperistii.

Aarno Kahma: Malminetsinniisti Itid-Karjalassa.

V. Marmo: Uralin geologiasta ja Keski-Uralin. malmeista.

Maunu Puranen: Geofysikaalisista malminetsintdmenetelmisti Neuvostoliitossa.

L. K. Kauranne: Pedogeokemiallisesta malminetsinnésté.

K. J. Neuvonen: Kalimaasilvista.

1958

Paul Ramdohr: Die Gold- und Uranlagerstitten des Witwatersrandes in Vergleich mit
den neuen Uranvorkommen in Blind River District.

Esa Hyyppé: Inqua-kongressista.

Olavi Kouvo: Mineraalien iin médraédmisesté.

V. Marmo: Graniiteista ja malmeista.

K. Virkkala: Tampereen seudun maaperigeologiasta.

Raimo Lauerma: Grénlannista ja sen geologisesta tutkimuksesta.

Toini Mikkola: Lohkodiagrammien laatimisesta.

Martti Salmi: Ruotsin lénsirannikolta ja Véarmlannista.

Heikki Ignatius ja Valto Veltheim: Havaintoja Selkémeren pohjan geomorfologiasta
ja mahdollisuuksista litologian kontrolloimiseen pohjandytteiden avulla.

1959

Pentti Eskola: Svekofenniidit ja kareliidit.

Aarno Kahma: Waite Amuletin kirsimalmeista.

V. Marmo: Graniittisten kivien K-A-ikien tulkinnasta.
Walter Schiitt: Négra synpunkter pa landisar.

Tom. F. W. Barth: Geologisk termometri.

Reino Himmi: Parosten geologiasta.

Esa Hyyppé#: Nakymid Pohjois-Amerikan matkalta.
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1960

Pentti Eskola: Unkarin matkasta.

Erkki Viluksela: Ekskursiovaikutelmia Reininlaakson peruskallioalueilta.
Heikki Paarma: Magneettisten anomalioitten visuaalisesta tulkinnasta.
Arto Levanto: Magneettisten anomalioitten matemaattisesta tulkinnasta.
Juhani Seitsaari: Ahlaisten—Merikarvian rannikkoalueen geologiasta.

E. H. Kranck: Peruskallioprobleemeja Kanadassa.

Toivo Mikkola: Kolarin alueen geologiasta.

Aimo Mikkola: Vihannin malmiesiintymédn mineralisaatiosta.

Esa Hyyppéd: Itdmeren historiasta.

1961

Oke Vaasjoki: Kemin kromiittimalmin mineralogiasta.
Veikko Padakkoénen: Wolframiittia irtokivessi.

K. Molder: Eestin uusimmista geologisista tutkimuksista.
Aarre Laitakari: Kuvia Adrianmeren rannikolta.

Veikko Paidkkénen: Seindjoen antimoniesiintymén geologiasta.



Liite 6
Appendix 6

SEURAN JULKAISUTOIMINTA

THE PUBLISHING ACTIVITY OF THE SOCIETY

Vuosina 1916—1923 julkaistiin seuran toiminnasta lyhyet otteet, osittain
myds esitelmiselostukset, aluksi ylipainoksina Teknikern-lehdestd ja vv.
1921—23 erillisind. Namé Helsingin geologisen yhdistyksen tiedonannot oli-
vat péadasiallisesti ruotsinkielisid, ja nimé vaatimattomat tiedonannot péét-
tyivit vuoden 1923 lopussa.

Vuonna 1925 valittiin julkaisutoimikunta, johon kuuluivat A. Laitakari,
W. Ramsay, P. Eskola, V. Tanner ja M. Saxén, harkitsemaan omaa julkaisu-
toimintaa. Vuonna 1927 hyviksyttiin toimikunnan esitys oman julkaisu-
sarjan perustamisesta, ja samana vuonna julkaisusarja alkoi ilmestyad »Suo-
men geologisen, seuran julkaisuja»-nimisend omina numeroinaan geologisen
tutkimuslaitoksen Bulletin-sarjassa. Seuran julkaisujen ensimméinen nu-
mero ilmestyi Bulletin-sarjan numerona 85. Aina vuoteen 1951 saakka seu-
ran julkaisujen toimittajana oli seuran kulloinenkin sihteeri. Koska julkai-
sut liittyiviat geologisen tutkimuslaitoksen Bulletin-sarjaan, oli tutkimuslai-
toksen johtajan ne hyviksyttivi, eiviatks tutkimuslaitoksen johtajat (pro-
fessorit J. J. Sederholm ja Aarne Laitakari) kertaakaan ole katsoneet olevan
syytd evitd julkaisujen liittdmistd Bulletin-sarjaan.

50-vuotisjuhlajulkaisua varten seura valitsi toimikunnan, johon kuului-
vat Aarne Laitakari, Pentti Eskola, E. H. Kranck, W. W. Wilkman ja
Erkki Mikkola. Komea 500-sivuinen juhlajulkaisu ilmestyikin sitten v. 1936.
Suurimman taakan julkaisun julkisuuteen saattamisesta kantoi tohtori
Erkki Mikkola, ja hédnelle kuuluu my6s kunnia sen tdysipainoisesta sisallostd
ja painoasuun saattamisesta.

Professori Pentti Eskolan 65-vuotisjuhlajulkaisua varten seura valitsi
v. 1945 toimikunnan, johon kuuluivat Aarne Laitakari sekd Hyyppé, Okko,
Sahama, Simonen ja Virkkala. Tama yli 300-sivuinen juhlajulkaisu ojennet-
tiin professori Eskolalle hidnen 8. 1. 1948 tayttédessddn 65 vuotta. Mainitta-
koon, etté titd juhlajulkaisua varten amerikkalaiset geologit professori Ernst
Cloosin aloitteesta lihettivit noin 750 dollarin suuruisen avustuksen.

Vuodesta 1951 on seura valinnut vuosittain julkaisutoimikunnan ja jul-
kaisutoimittajan. Tdhédn toimikuntaan on geologisen tutkimuslaitoksen joh-
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tajan lisiksi kuulunut muutamia seuran jisenié. Julkaisujen toimittajina
ovat olleet: K. Rankama vv. 1951—53, S. Kaitaro 1954—55, J. Seitsaari
1956—57, O. Vaasjoki 1958—60 ja K. Virkkala 1961.

Niiden julkaisujen rahoitus onkin niellyt paddosan seuran varoista, ja
jatkuvasti on seuralla ollut rahoitusvaikeuksia, silli valtionapu on ollut riit-
tdmiton. Sangen usein on Outokumpu Oy:m siditio tukenut julkaisutoimin-
taa raha-avulla, joka tdssikin kiitollisuudella todettakoon.

Seuran julkaisusarjan niteiden I—XXXI sisillysluettelot on esitetty geo-
logisen tutkimuslaitoksen toimittamassa erillisjulkaisussa »Guide to the
publications of the Geological Survey of Finland, 1879—1960».

GEOLOGI-LEHTI
COMMUNICATIONAL PAPER »GEOLOGI»

Joulukuussa 1945 professori Aarne Laitakari teki esityksen geologisen
tiedonantolehden perustamisesta.

Seuran, jiasenet Aarne Laitakari, V. Okko ja V. Marmo jattivit seuralle
kirjallisen, perustellun esityksen tiedotuslehden aikaansaamisesta, ja seura
asetti toimikunnan asiaa valmistelemaan. Téihdn toimikuntaan valittiin
aloitteen tekijat.

Kokouksessaan 9. 12. 1948 seura péaatti tdmén toimikunnan esityksesté
ruveta vuoden 1949 alusta julkaisemaan (aluksi kokeilutarkoituksessa) Geo-
logi-nimistéd tiedonantolehted ja jatti taas asian aikaisemmin valitun toimi-
kunnan. tehtaviksi.

Tammikuussa 1949 »Geologi» sitten ilmestyikin ensimmaéisen kerran. Leh-
den toimittajana oli V. Okko ja sen alkukirjoituksena oli professori Pentti Esko-
lan kirjoitus: »Geologiny tehtdvia. Téssd kirjoituksessa mainitaan: »Kéaytta-
koot geologit sen palstoja antamaan, uutisia pienen erikoismaailman, asioista,
esittdmdédn tarpeitaan ja toiveitaan, esittiméén edeltdavit tiedot tutkimuk-
sistaan, ja loydoistddan. — Kuvittelen nyt, ettd tdma lehti olisi ollut olemassa
jo silloin, kun 45 vuotta sitten aloin kiydéd Geologisen seuran kokouksissa ja
ettd se olisi ilmestynyt koko ajan nelisivuisena 10 kertaa vuodessa. Minulla
olisi nyt 1 800-sivuinen muistojen ja tiedon aarre.»

Lehti on sitten, ilmestynyt sddnnollisesti 10 kertaa vuodessa, mutta har-
voin on voitu tyytyd vain nelisivuiseen. Kaikkiaan on niiden 12 ilmesty-
misvuoden aikana »Geologiiny karttunut 870 sivua. Lehden toimittajina
ovat olleet Veikko Okko, Erkki Aurola, Simo Kaitaro, V. Marmo, Marjatta
Syvénen, A. Matisto ja M. Lehijidrvi. Geologi-lehti on osoittautunut tarpeel-
liseksi ja hyodylliseksi koko geologikunnalle.



Suomen Geologinen Seura. N:o 33. Geologiska Sillskapet i Finland. 47

Koska lehden sisillysluettelo on julkaistu lehdessd 5-vuotiskausittain, ei
sitd ole syytéd tédssd historiikissa julkaista.

HELSINGIN GEOLOGISEN YHDISTYKSEN TIEDONANTOJA

MEDDELANDEN FRAN GEOLOGISKA FORENINGEN I HELSINGFORS

Helsingin geologisen seuran poytikirjat esitelméselostuksineen julkaistiin
vuosina 1916—1920 eripainoksina Teknikern-lehdestd. Selostuksissa ei
useastikaan ole esitelmien tarkkaa nimed mainittu, joten ne on osittain kir-
joittajan muovaamia. Suomenkielisten esitelmien nimet oli selostuksissa
yleensd kadnnetty ruotsiksi. Vuosien 1921—1923 selostukset ovat eksakti-
sempia. Niissd on sivuilla 28—32 julkaistuna myo6s Helsingin geologisen
yhdistyksen r. y. sddnnot.

1916

Eskora, P. Kuvia Transbaikaliasta, s. 1—3.

BrENNER, TH. Bergarter horande till teralit-gruppen, s. 3—4.

Eskora, P. Andradiittisyeniitti Transbaikalian Svjatoj Noss’ista, s. 4—7.

MixkiNeN, E. Dalyn petrogeneettiset differentiationi teoriat, s. 7.

Havusen, H. Kirjeellinen tiedonanto, Sierra de Umango, Argentina, s. 8—12.

Eskovra, P. Tahinastiset magmadifferentiatioteoriat, s. 13.

Ramsay, W. Grunddragen af hypotesen af olika slag af magmer och af eruptionfsljd-
erna, s. 13.

SEDERHOLM, J. J. Sammansittningen af Finlands berggrund, s. 13—14.

—»— Om de synantetiska mineralen, s. 14—15.

Eskora, P. Jaikauden muodostumista Transbaikaliassa, s. 16.

HackMmaN, V. Om termerna struktur och textur, s. 17—19.

FrosTERUS, B. Om tillimpningen af Atterbergs konsistens léra, s. 19—25.

BereHELL, HUuGgo Sydéstra Finlands kvartdra nivafériandringar, s. 25—29.

MixiNeN, E. Keski-Pohjanmaan prekalevinen vuoriperi ja subkalevinen diskordanssi,
s. 30—32.

WiLkman, W. W. Om en prekalevisk kvartsit formation i norra delen af Kuopio soc-
ken, s. 33—34.

LarTakAri, AARNE Eriitd kontakteja Pitkdrannan alueelta, s. 35—36.

Savramo, M. Geokronologisista tutkimuksista vuonna 1916, s. 36—37.

SeEperEOLM, J. J. Skildring af en senaste hést tillsammans med herr Th. Brenner
foretagen resa i Kalbinska bergen séder om Altai, s. 38.

1917

GraNO, J. G. Geomorfologisista tutkimuksista Vendjin Altailla, s. 1.
AArNIO, B. Jidrvimalmien muodostumisesta Eteld-Suomessa, s. 1.
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BoraesTrOM, L. H. Nagra metoder fér bestdmning av radioaktiva mineral, s. 1.

Ramsay, W. Geokronologiska bestémningar gjorda av prof. De Geer vid jamforelse
av nagra av herr Sauramos lerprofiler med diagram fran lokaliteter i Sverige,
s. 2.

—»— C. A. F. Molengraaffs teori om korallbildning, s. 2.

Aruro, J. Polemiikki Berghellin kisityskantaa vastaan Laatokkakysymyksesté, s. 2.

LAiTAKARI, AARNE Paraisilta vasta tavattu klintoniitti, s. 2.

Eskora, P. Stilpnomelaani Nadezdan kaivoksesta Aunuksen Pertniemesté, s. 2.

BoresTrOM, L. H. Ett forsok att berikna det djup under jordytan, vid vilket vissa
mineral med relativt 14g kokpunkt eller dissosiations punkt kunna existera, s. 2.

Ramsay, W. Marina grinserna i soédra Finland, s. 2.

—»— Om négra detraktionsfenomen, s. 3.

Eskora, P. Hiljattain 16ytynyt pallodioriitti Poytyéalla, s. 4—5.

BRrRENNER, TH. En synnerligen kalkhaltig moran fran Pélkjarvi, Tyytynsaari, Jénis-
jérvi, s. 5.

SEpERHOLM, J. J. Om expeditionen till Urienhai i granstrakterna mot norra Mongoliet,
8. b.

Vivyry~NEN, H. Hiameenlinnan seudun kivilajit, s. 5—8.

LAarTARARI, AARNE Eteld-Suomen albiittiepidoottikivistd, s. 8.

1918

BorasTrOM, L. H. Till minnet av berging. A. von Julin, s. 9—10.
Wann, W. Intendenten P. E. Solitander, s. 10.

—»— Bergartsombildning genom inverkan av olikformigt tryck, s. 10—13.
Eskora, P. Aunuksen Karjalan geologian péaépiirteet, s. 13—18.

1919

BorasTrOM, L. H. Om kvartssand i Finland, s. 1.

SeperEOLM, J. J. Om migmatit-problemet, s. 1—2.

Eskora, P. Malmien systematiikasta, s. 2—3.

BrENNER, TH. Om kvartidrgeologiska forhallanden pa Kolahalvén, s. 3—7.
SavraMo, M. Jédnreunan peraéntymisesta Keski-Suomessa ja Pohjanmaalla, s. 7.
SEpERHOLM, J. J. Mellersta Fennoskandias geologi, s. 7.

1920

Hrerraakoski, A. Halikon vuoden 1919 maanvyoéryméstéa, s. 8—9.

MEeTzGER, A. Om krigsgeologin, s. 9.

Ramsay, W. Om litorina grinsen i Finland, s. 9.

MAgINEN, EErRo Outokummun alueen geologiasta, s. 10—17.

Eskora, P. Tutkimuksia eklogiiteista ja niiden merkityksesté maankuoren rakentee-
seen, s. 17.

Hackman, V. Kritik av Iddings klassifikation, s. 17.

SaxEN, M. Otravaaran malmikentén geologiasta, s. 17—21.
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MEeTzGER, A. Om den bionomiska paleontologien och de fossila sedimenten I. Facies-
férhallandena och deras systematik, s. 21—22.

Eskora, P. Jénisjarven tulivuoren jaidnnoksistd, s. 22—24.

Ramsay, W. Om metakrona och synkrona isobaser, s. 24.

AUER, V. Meriraja Tampereen eteldpuolella, s. 24.

Esrora, P. Aggregatio-olomuodon mééritys ja nimitys, s. 24—25.

Sauramo, M. Mihin perustuu esittdméni Salpausselké-kronologia, s. 25.

Ramsay, W. Om sprénget mellan tva serier av de hogsta strandgrédnserna i Sédra
Finland, s. 26.

1921

Savramo, M. Kannusjarven keltamullasta, s. 1—2.

JARNEFELT, H. Suolattoman veden sedimenttien synnystd, s. 2—3.

LAITARARI, AARNE Suomen geologisen kartan kehityksestéd, s. 4—7.

AArNIO, B. Litorinasaven tumman vérin syistd, s. 7—I11.

LarTakari, AARNE Paraisten kalkkikiviesiintymén mineraaleja ja kivilajeja, s. 11.
Hackman, V. Hommels petrografiska system, s. 11—12.

MeTzGER, A. A. TH. Om fossila fiskdjur, s. 13.

SEDERHOLM, J. J. Om den jotniska sandstenens aéldersférhéllanden, s. 13—14.
LArTAkARI, AARNE Eris kvartsiittilohkare Kontiolahdelta, s. 14.

TrUsTEDT, O. Den magnetiska anomalien i guvernementet Kursk (Ryssland), s. 14—15,
MeTzGER, A. A. TH. Ett fynd av en mammuttand i Esbo, s. 15.

BoresTrOM, L. H. Om mineralens hardhet, s. 15—16.

VivyrynEN, H. Puolangan kaoliniesiintymaéstd, s. 16—18.

1922

TrUsTEDT, O. Rammelsberg-malmfyndighetens genesis, s. 19—20.
BrENNER, W. Olika jordarters och jordmaéners surhetsgrad, s. 20.
TrosTEDT, O. Kvartsit-pegmatitkontakter fran Outokumpu, s. 20.
Backrunp, H. Om sambandet mellan vulkanism och tektonik, s. 20.
Hausen, H. Jenisej-kallomradets geologi, s. 20—21.

PEHRMAN, G. Om ett nickeljiarn fran Tschinga, s. 21.

VAvYrRYNEN, H. Vuorilajien fakiesluokittelusta, s. 21.

HavuseN, H. Petsamos geologi och malmer, s. 22.

Witkman, W. W. Kuopionseudun kivilajeista, s. 22.

Kranck, E. H. Om tvinne gabbro-omréden i Kangasniemi, s. 22—24.

1923

Winkman, W. W. Till minne av statsgeologen Hugo Berghell, s. 25—26.
SAuramo, M. Lohkareen emikallion etsimisestd, s. 26—27.

Eskora, P. Korkean paineen mineraaleista, s. 27.

RamsAay, W. Nyare arbeten om nivaférandringar, s. 32.

—»— Den baltiska issjéns tappning, s. 33—38.
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Eskora, P. Geologisista kartoitusmenetelmisté Kanadassa, s. 38—39.

Lairarari, AARNE Kongsbergin alueen geologiasta, s. 39.

Eskora, P. Ontarion prekambrimuodostuksista, s. 39—45.

SepeErHOLM, J. J. Om nya rén angdende rapakivigraniterna i Alands skirgard och
med dem genetiskt forbundna bergarter, s. 45—47.

Larrakari, AarNE Kalkografiasta, s. 47.

Ramsay, W. Nya mineralet Ramsayit, s. 47.

—»— Fran Naturforskarmoétet i Goteborg, s. 48.

SepErHOLM, J. J. Ny& ron angdenden anatexen inom Abo-Alands skirgard, s. 48—50.

Ramsay, W. Om orsaker till de geologiska klimatvaxlingarna, s. 50—53.

AArNIO, B. Maanlaatujen synty ja luokitus, s. 53.

Rawmsay, W. Clypeus och litorinagrdnsen, s. 53.
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SEDIMENT GROUPS, PARTICULARLY FLYSCH, OF
THE PRECAMBRIAN IN FINLAND !

BY

TOIVO MIKKOLA

Suomen Malmi Oy, Otaniemz, Finland

ABSTRACT

The stratigraphic scheme of the Finnish Precambrian presented here has been
based on the concept of the cycle of sedimentation. Only one orogeny existed, called
Fennian in this text. The former Karelian and Svecofennian sediments have been
divided into sediment facies and groups according to the cycle mentioned. There are
no important changes in classifying the Karelian sediments anew. The marine and
continental flysch facies have been added to the Svecofennian. The sediment area
near Oulu has been moved from the Karelian sediments to the continental flysch,
Svionian group.
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INTRODUCTION

The stratigraphic scheme of the Finnish Precambrian has temporarily
changed during the last half century. The methods of investigation have
varied, but the granites and their contacts have been the most important

1) Received January 14, 1961.
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evidences in comparing the age of the sediment groups. If no suitable con-
tacts existed, the degree of metamorphism mostly served as a criterion.

Until the year 1950, the ideas about the stratigraphy of Finland had been
crystallized and simplified, at first by J. J. Sederholm and then in the main
by P. Eskola. It was generally thought that there had been two major oro-
genies, the older Svecofennian and the younger Karelian. In addition, there
is a sandstone formation, »oldest red», which has been presumed to be younger
than the orogenies mentioned.

Wegmann (1928) introduced the concept of diastrophism and the sedi-
mentation cycle to the study of the Karelian sediments. Recently the same
method has also been applied to the stratigraphy of all the Archaean sedi-
ments of Finland (Mikkola, 1953). It is evident that in the Karelian belt
there are only foreland sediments, whereas in the Svecofennian geosynclinal
sedimentation has taken place. There is no evidence against the connection
of these two orogenies. Two different cycles had been earlier supposed,
principally for the reasons listed below:

1. There is a basal conglomerate in the Karelian but not in the Sveco-
fennian.

2. The sedimentation facies is different.

3. There is a difference in the manner and in the direction of the defor-
mation.

It is easy to see that these differences are dependent upon differences in
the environment of the sedimentation and on the stage of the deformation,
but not on the age of the orogeny. The Karelian sediments grade into the
Svecofennian in several places, and no contact zone can be pointed out.
Further, two different orogenies with incomplete cycles of sedimentation,
which together form a complete one, are not probable. Therefore only one
orogeny has been supposed instead of the former two, and the name Fennian
orogeny will here be suggested for this orogeny.

Because there were no absolute age determinations available at the
time, the ideas presented were not acceptable for most of the Finnish
geologists. The recent publication of some age determinations, made for
example by Kouvo (1958), has changed the situation completely. Three
papers starting from the idea that only one orogenic cycle existed, have
been published to date (Metzger, 1959; Simonen, 1960 a and b). A long
discussion preceded these papers in the Finnish periodical »Geologi». There-
fore it is quite unbelievable that Metzger arrived at his ideas independ-
ently. The development of the stratigraphic scheme of the Finnish Precam-
brian until the year 1940 has been discussed in greater detail by Eskola
(1942). The opinion of an »outsider» is seen in a paper of Schmidt (1960).
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The method of absolute age determination is questionable, not the method
itself but merely the sampling and, on the whole, the possibility of finding
a mineral with an age of the sediment and not of the orogeny or of the source
area. On the other hand, the common stratigraphic methods also fail in the
unfossiliferous Precambrian. No common agreement exists about the cycle
of sedimentation and even the terminology is confusing for a student of
metamorphic geology, »a hard rock many. Now that the first summaries
have been made, it seems probable that the new methods give results com-
parable with each other. Therefore, there is no reason to abandon either of
them. The usage of the method of absolute ages is simple, and requires only
plotting the values on the map and drawing in the zones of the same age.
Of course there is difficulty, but nothing can be done to avoid it. These
zones concern orogenies only and don’t have much to do with the strati-
graphy. The sedimentary method, using the idea of diastrophism, gives the
sequence but the possibilities of bad errors are many.

There is no use to generalize too much in investigating the Finnish
Precambrian; there is no possibility of mixing up different orogenies, as
only one has been indicated by both new methods. Still there is difficulty
enough in determining the different groups of sediments without any possi-
bility of seeing the form of the geosyncline, with very little known about
the environment, and with even the top of the sequence seldom seen. Little
can be done to find out the environment of sedimentation, but it is possible
to decipher the course of orogeny by using a broad generalization of the
concept of the geologic cycle.

THE CYCLE OF SEDIMENTATION

It is well known that no common cycle of sedimentation, but only an
average one, exists. It might be possible to assume that the orogeny is quite
similar from place to place, but even then the environments of sedimentation
differ enormously, and thus the sediments deposited at the same stage of
deformation cannot be similar. However, many geologists have found it
possible to distinguish between sediments deposited e. g., in a geosyncline or
somewhere else, and thus obtain important knowledge of stratigraphy (Kry-
nine, 1941; Pettijohn, 1948; Krumbein & Sloss, 1951). On the other hand,
there are geologists who stress the opinion that the type of sedimentation is
much more dependent upon the environment than on the stage of orogeny
(Twenhofel, 1950; Kay, 1951). Certainly some sediment type, for example
grauwacke, can be found outside its common, association (geosynclinal), but
when, larger areas have been investigated, the sediment association in every
particular stage of sedimentation seems always to be quite the same. Be-
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Table 1. The generalized cycle of sedimentation.

Degree of Stage of Stage of Sediment facies Characteristic sediments
deformation orogeny sed. cycle
None Quiescence Peneplanation | Shelly facies Orthoquartzite-dolomite

Weak down- i i i -areilli
Weak warping Geosynclinal Miogeosynclinal Limestone-argillite
Moderate Downwarping ) Eugeosynclinal Grauwacke-slate, spilite, chert
High Elevation Oxagenic Flysch Marl-grauwacke, breccias
Moderate | Weak elevation| Post-orogenic | Molasse Subgrauwacke, arkose

cause this seems to be almost the only way to study the stratigraphy of the
Precambrian, when strongly metamorphic, it is best to assume an ideal cycle
and modify it from place to place. Ideas about that cycle vary widely (Petti-
john, Twenhofel, Kay, op. cit.; Dunbar and Rodgers, 1958), but for Pre-
cambrian investigation a cycle as detailed as possible would be best (Quennell
and Haldemann, 1960; Harpum, 1960). The controversy of speaking about
sediments in a geosyncline (Kay, 1951) or geosynclinal sediments (Pettijohn,
1948) is not of interest now. The comparison of the foreland sediments of
Pettijohn with the sediments deposited in miogeosyncline of Kay is of the
same order of importance, and it seems possible to divide the foreland facies
into two groups: Orthoquartzite-dolomite suite (Shelf) and limestone-argillite
(Miogeosyncline). The terminology of Pettijohn is the most familiar in Fin-
land, but even though this discussion is about Finnish rocks, his definitions
are not detailed enough this time. Keeping in mind that every known sedi-
mentation cycle is fit for one orogeny only, and perhaps for one section of
it, and that every cycle intended to explain all types of orogenies must be
a very broad generalization, the following scheme (Table 1) will be given as
a basis for the stratigraphic study of the Finnish rocks. It cannot be a final
one, and is subject to change at any time when necessary. It is not given
in a form of a circle because a process of this kind is not a circle, neither in
space nor in time. An area, once having been a geosyncline, cannot become
a geosyncline again. Contrary ideas have been presented, too (Gastil, 1960).

Concerning this scheme, it has often been thought that the deformation
begins along the shore line in a zone of reverse faults, with overthrusting of
the continental side. It is also assumed that two parallel geosynclines, mio-
geosyncline and eugeosyncline (orthogeosyncline), do not exist but that the
shore line with sandstones will gradually change into a miogeosyncline with
carbonate and argillite sedimentation. This will in turn deepen to a eugeo-
syncline with a volcanic island arc, volcanism being caused by overthrusting.
During the upwarping and strongest deformation of the geosyncline, the
flysch facies will form, and after the culmination of the deformation the
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molasse will be deposited, with these grading into each other. Molasse will
complete the cycle.

Only the main features of these sediment groups can be described here:
The foreland facies, which is similar to the sediments of the shelf and mio-
geosyncline, is quite simple. Orthoquartzite with dolomitic carbonate rock
is the most characteristic association. Often the group will continue with
black schists, limestones, and argillites. Only the proximal areas may show
some volcanism. Iron formations are as a rule connected with these sedi-
ments, if Precambrian.

The most important and typical sediment association in a eugeosyncline
is grauwacke-slate. It is a very monotonous, thick, graded-bedded sequence.
Massive grauwackes and grauwacke conglomerates in the upper portions of
the sequence are common, as are volcanics and cherts. Also characteristic
of the geosynclinal suite is the thickness of the sediments.

Flysch was originally a local name for Alpine sediments, but it has also
been used for sediments formed during the elevation of the geosyncline. In
Pettijohn’s terminology, flysch is a part of the geosynclinal facies. Typical
rocks are thin layered grauwacke-slates with graded bedding, marly lime-
stones, grauwackes, and grauwacke conglomerates in the upper parts, and
breccias. Volcanics are not common. Some part of the flysch may be con-
tinental delta deposits with cross beds and ripple marks, mostly water laid
but perhaps partly aeolian, too. In the marine flysch, ripple marks and
cross beds are absent. Usually the sediments become coarser upwards.

Molasse is an Alpine name, too. There is no exact limit between flysch
and molasse and they can overlap. However, molasse in this text is a general
name for the postgeosynclinal, orogenic facies. According to Pettijohn, the
characteristic sediment of molasse is subgrauwacke. This is true of the
molasse which has been deposited near the source area and is often deformed.
The molasse of this kind does not, however, include the arkosic rocks, which
are the most typical orogenic sediments and have been deposited near the
granitic source area. They are only little deformed by epeirogenic move-
ments. As to the age relations of these different types of molasse, nothing
certain can be said in every particular case but probably the less-deformed
arkosic rock is usually younger than the molasse deformed by the orogenic
movements of the same orogeny. The arkosic molasses have been classified
by Dunbar and Rodgers (1958) as rocks of post-orogenic basins. The molasse
will commonly become finer upwards. The color may or may not be red or
brownish.

This description is not enough for identification of groups or investigation
of the stratigraphy of the Precambrian. A sedimentologist cannot find any-
thing new in it. However, this paper can perhaps serve, for a student of meta-
morphic rocks, as a guide to textbooks and original papers or, most impor-
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tant, to field work. The idea of diastrophism does not work as simply as it
has sometimes been applied e. g., in the Finnish Precambrian. The study of
sediments includes three main subjects: Sedimentary petrography, sedimenta-
tion, and stratigraphy. Of course the stratigraphy is the most interesting,
because it is the history of the sediments and the orogeny, but there is no
short cut to the stratigraphy without the study of sedimentation and sedi-
mentary petrography. Therefore, no sign of the manner of sedimentation is
too insignificant, particularly since there are not too many left. Cross beds
and current ripples should be measured. The top of the sequence must be
observed where possible, and very often it is. The cross beds and graded
beds may serve as criteria but there are others, too, as described by Shrock
(1948). The coarseness of the detrital material and its grading may help
investigation. Wave ripples could give some information on the site of de-
position, and the grading in the thickness of layers may show the direction
of the sediment transport, etc.

THE ROLE OF METAMORPHISM

In the highly metamorphosed areas, the best knowledge of a stratigrapher
cannot help us if we do not know the rocks. The study of metamorphism
can help now. Different processes may have taken place. Everybody knows
that material can change and be differentiated in sedimentary or magmatic
processes. Differentiation by metamorphic processes seems to be less famil-
iar, though it can change rocks enormously. Nodules, concretions, and layers
formed by metamorphic differentiation have been described e. g., by Eskola
(1932). Tuominen and Mikkola (1950) have explained the cordierite rocks
as a product of metamorphic differentiation, and have suggested that gra-
nitic rocks and sulphide ore bodies may form in the same process. Tuominen
(1951) has interpreted the skarns and Mikkola (1955) the ultrabasics of the
Orijarvi area in the same way. The diopside-gneisses of the Precambrian
have generally been assumed to be metamorphic derivatives of marls (Es-
kola, 1914).

On the other hand, breccias have sometimes been described as agglom-
erates, sedimentogenic leptites rich in feldspar as arkoses, evengrained
amphibolites as basalts, etc. Those errors may happen and particularly so
in the flysch areas which have undergone the strongest deformation. If every
breccia is taken as an agglomerate, and every amphibolitic layer as a basalt,
the degree of volcanism would appear much higher than it really was. The
high degree of volcanism would then point to a wrong environment of sedi-
mentation. As to the leptites and amphibolites, the process of metamorphic
differentiation as suggested by Tuominen and Mikkola (op. cit) has two end
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members: The mica-feldspar-rich, massive, dark rock, and the light colored
leptite. Strongly simplified, the light and dark layers of an argillite have
been separated from each other by sliding, and in the continuous process
the shear movements have changed the composition of these two rocks.
The light layers now form a leptite, its composition but not origin, being very
near to an arkose. HEvery leptite may change, loose all the sedimentary fea-
tures, and finally form a granitic rock. The origin of the fine grained leptites
of the strongest deformed areas is not easy to find out. Therefore the cycle
of sedimentation, if it is known in the vicinity, should be used as a guide.
The dark layers, which at first form a mica-feldspar rock, can be further
altered in at least two different ways. As described in the paper mentioned
(Tuominen and Mikkola, 1950) the end member can be a cordierite-antho-
phyllite rock. All the excess constituents have migrated out. Another pos-
sible end member is an amphibolitic rock. An addition of lime could convert
the rock formed from dark layers into amphibolite. It is evident that this
process has happened, too, in some way or other. This explanation is prob-
ably fit for a part of amphibolites, the other part having been marly clays,
grauwackes, etc. How much the interpreted processes have changed the sedi-
ment suite, we can only imagine. However, we must take them into consider-
ation when investigating the Precambrian stratigraphy.

SEQUENCE OF THE FINNISH PRECAMBRIAN

The basement of the Finnish Precambrian sediments is a pre-Karelian
granite-gneiss complex, as is now generally assumed. The name Karelian
would be better to abandon, since it seems evident as described earlier, that a
separate Karelian orogeny does not exist. It is a pity, because the name is
a good one. Perhaps it could be used as a group name or better yet as a
sediment facies name (Foreland). Instead of Karelian, the older names
Kalevian and Jatulian have been used in this text. The sedimentation of
the Jatulian begins with a thin basal arkose conglomerate or breccia. It
continues with an orthoquartzite, which has commonly been described as
continental desert sand sediment (Viyrynen, 1928). The shelly (marine) en-
vironment of sedimentation, however, is evident (Mikkola, 1960). The
sequence continues with dolomite, black schist, and iron formation. The
argillites, and amphibolites of unknown origin are next in the sequence and
they belong to the Kalevian group. The unconformity between Jatulian and
Kalevian is by no means clear. According to the author’s investigations dur-
ing prospecting work some years ago, the thickness of the Jatulian group is
not great. The quartzite does not exceed some hundred metres, the dolomite
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will seldom exceed a hundred metres, the black schist formation is thinner
than the dolomite, and the iron formation is mostly nonproductive, being
only some metres thick. Thus the total thickness of the Jatulian is usually
less than half a km. The exact determination of the thickness of Kalevian
sediments is difficult because of the strong deformation, but a thickness of
less than two kilometers is most probable. There are breaks or diastems or
discontinuities everywhere. These groups could serve as an example of fore-
land facies. They would not require any generalizations.

In the stratigraphic sense, the areas right outside of the Kalevian and
Jatulian are little known. In central Finland, the grauwacke-slate group of
the classic Tampere area is well investigated. The pioneer work in this area
was done by J. J. Sederholm (1897). He called the area and group the Both-
nian as it is called in this text, too. Seitsaari (1951) has described the petro-
graphy, metamorphism, and the structure of the Tampere schist belt. From
the stratigraphic point of view, Simonen (1953) has made a useful study in
this area. He has estimated the thickness of sediments to be at least 8 km
and the sequence from top to base is as follows:

Basic vOlGaNI0N: o5 & =55 + ¢ camime 5 st by sy 38 5o 6w ~1 000 m
Conglomerates, grauwackes and arkoses ........... 700— 800 m
Basic and intermediate volcanics ................. 800—1 500 m
Arkoses, grauwackes and pyroclastics ............. >3 000 m

The associations of grauwacke-slates and basic volcanics are typical of the
geosynclinal facies. Other rocks existing here belong to the same geosynclinal
suite. The only main types missing are chert and spilite, but there can be
metamorphic derivatives of them not discovered or identified as yet. The
thickness of the sequence is one of the most characteristic features of the
geosyncline. On the other hand, there is something strange in the direction
of the geosyncline as compared to the foreland area, because it is difficult
to see how these two areas could belong into the same orthogeosyncline
(Kay, op. cit.). This must be a subject of further investigation.

The next member in the sequence, as far as it is known, is the Svionian
group. On the map it is seen between Helsinki and Turku and a part of it
is best known as the Orijirvi region. The old name Svecofennian formation
has been abandoned here for the same reason that Karelian has been aban-
doned. Further, the term »formation» has, in the American literature, a com-
pletely different meaning than it has had in Finland, and the American
terminology has been preferred in this text.

The petrography of the Orijirvi area has been described by Eskola (1914),
the structure has been described by Tuominen (1957), and some efforts to
determine the stratigraphy have been made by Mikkola (1950). According
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to later investigations of the author, the most striking feature in the sedi-
ments of the Orijarvi region is the discontinuity. It is much due to the fault-
ing but at least as much due to the manner of sedimentation. The defor-
mation has been very strong and therefore determination of the sequence has
been extremely difficult. The primary sedimentary structures have been
destroyed in most places. In a few cases the graded bedding has been pre-
served and it has been used to determine the tops of the beds. Because of
the strong cross folding and often vertical or overturned dip of the strata,
the top would have been too difficult to determine without sedimentary
structures. Assuming that the repetition of the sequence is due only to the
folding and faulting, the thickness of this group is about one kilometer. But
if the cycle is due to rhythmic deposition, the thickness may be twice or
three times as much. The lowermost rock in the Orijérvi area is an amphibole
schist. Formerly, this rock was supposed to be the same as the topmost
amphibolite, due to repetition, but it is so much different that it cannot be
the same. The cycle mentioned above begins with an argillite, now mostly
in the form of mica cordierite schist. Some of the coarser parts of this ar-
gillite are merely grauwacke-slates with graded bedding. The topmost part
of this rock is rich in lime, in places it has been a marl, and it now occurs in
the form of a diopside-amphibolite. Thin limestone beds, some metres in the
whole, have also been deposited, but they have mostly glided to the crests
of folds forming thick lenses. Next in the sequence is a black, sulphide bear-
ing schist, but its occurrence is very irregular and it is always a thin one,
never exceeding some ten metres. Whether it represents a black schist-
forming environment or only a reworked older black sediment is not exactly
known, but because it occurs in close connection with an ironstone formation
(uneconomic), reworking does not seem probable. After the black schist-
ironstone horizon, there probably is a break in the sedimentation, and the
sequence begins anew with a polymict grauwacke conglomerate. Sometimes
there are graded bedded slates associated with the conglomerate, and on the
top of the conglomerate there is in places a massive bed of grauwacke only
some metres thick. The topmost member is a bed of amphibolite. It could
have been a volcanic rock, but most probably it is a metamorphic variant
of some lime-rich sediment, because there are remnants of rock resembling
diopside-amphibolite. The sequence, as determined from limited areas, is
from the top down:

Amphibolite Marble (Limestone)
Grauwacke (Subgrauwacke?) Diopside-amphibolite (Marl)
Grauwacke conglomerate Argillite with grauwacke-slate
Banded iron ore Amphibole schist

Black schist Basement unknown
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It is evident that the group described above belongs to the geosynclinal suite.
The characteristic association of these sediments is that of marine flysch:
The beds and the sequence are discontinuous, the deformation is strong,
and it is possible that the deformation has begun with subaquaceous sliding
in an early stage of sedimentation (Tuominen and Mikkola, op. cit.). The
coarser rocks occur in the uppermost parts of the sequence. Volcanics are
rare or absent. Quartzites are very rare (see Pettijohn, 1943). Grauwackes
are not common as in true geosynclines, but they do occur. Current beds
and ripples do not exist. As to the upper parts of the sequence, the possi-
bility of molasse is not out of question.

From the investigations of Salli (1955), from the personal communication
of Mr. J. Koskinen, M. A., from explanations of geologic maps, and from
what has been seen during excursions and minor field works, the conclusion
could be made that at least a part of the schist area between Tampere and
Oulu belongs to the continental flysch facies, as delta deposits with cross
beds and muddy sandstones are characteristic features of the sedimentation.
The sediment area of Oulu has always been connected with Karelian sedi-
ments, but the sediments of the area do not belong to the foreland facies.
There are very few true orthoquartzites or dolomites. Conglomerate areas
are large and the rocks are not basal conglomerates typical of the Karelian
zone. The sediments closely resemble the Svionian sediments, and have here
been classified in the upper flysch. A part of these sediments may belong
to the molasse. The stratigraphy of these areas may be the most complicated
in Finland, but because many of the sedimentary structures have been pre-
served, knowledge of the environment of sedimentation and of the source
areas and transport is possible to determine through detailed investigation
and measurements.

There are also some minor areas of molasse in Finland. Beginning from
the north, the Kumpu formation has been thought to be a molasse (Viyry-
nen, 1954). It consists of coarse, brownish sediments, the source rocks prob-
ably having been Kalevian and Jatulian sediments. The Fennian orogeny,
which has deformed the Kalevian and Jatulian sediments, has also deformed
the Kumpu formation. The formation has been here classified in the lower
molasse. The next area to the south is the Muhos formation near Oulu.
There are undeformed redbeds which may or may not belong to the Pre-
cambrian. There is no evidence, but the area has been tentatively classified
as Jotnian (Simonen, 1960 b). The area near Pori is a typical arkose
sandstone, coarse-grained, red-colored rock (Simonen and Kouvo, 1955).
It is called Jotnian sandstone or the »oldest red». This rock belongs
to the typical orogenic suite, and it is difficult to understand that there could
be a question about an orogeny other than Fennian. As seen in Table 2, the
age of the Jotnian sediments should be 1.3 bill. years (Simonen, 1960 b)
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Table 2. Development of the stratigraphic concept of the Finnish Precambrian.

Eskola, 1921 Sederholm, 1932 Mikkola, 1953 Viyrynen, 1954 Metzger, 1959
Jotnian Jotnian Jotnian Jotnian Jotnian
Hoglandian
Karelian Kalevian Svecofennian Kalevian
Jatulian Jatulian
Svecofennian Bothnian Karelian Fennonian Sveco- Kare-
Ladogian Svionian fennian lian
Svionian
Basement unknown Pre-Karelian Basement Pre-Karelian
basement unknown basement
Simonen, 1960 1 This text, 1961
Age: CYCLE: FENNIAN
Jotnian sediments, unmetamorphic 1300 m.y.,
diagenesis. Group: Sediment facies:
Anorogenic rapakivi granites 1620 m.y. Jotnian Upper molasse
Orogenic plutonic rocks 1 750—1 850 Kumpu Lower molasse
Svecofennian belt| Karelian belt m.y. Svionian, Upper flysch
East ) North continental
Finland Svionian, marine Lower flysch
Upper Sveco- | Kumpu Bothnian Eugeosynclinal
fonmian formation Kalevian Miogeosynclinal
Middle Sveco- Kale- | Lappo- Jatulian Shelf
fennian vian nian
1 q Fad Basement: Gneisses of the earlier
ofwer_»_veco- Asu| orogeny (Pre-Fennian)
ennian lian |
| Belomorides: 1 900—2 000
Tuntsa-Savukoski e
formation
Basement Pre-Karelian 2 600 m.y.
unknown basement

but it is the age of diagenesis. On the other hand, because no younger orog-
eny can be pointed out, the Jotnian formation has been classified in the
upper molasse of the Fennian orogeny.
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Fig. 1. Sediment groups of the Fennian orogeny.

SUMMARY

In the foregoing, the Finnish Precambrian has been divided as follows:
The former Karelian formation into Jatulian and Kalevian, as has been done
earlier, too. It is done here only so that the cycle of sedimentation would
be easier to apply. The former Svecofennian has been divided into Bothnian
and marine and continental Svionian groups, beginning from the lowermost
members. The youngest Precambrian sediments are the Jotnian sandstones
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and slates. All these sediments have been deformed more or less by one
orogeny, and the Jotnian has been deformed only very little. This orogeny
has no name as yet, but it has been called »Fennian» in this text. Thus all
the sediments mentioned here belong to the Fennian system or cycle. It would
be better to abandon the older formation names of Karelian and Sveco-
fennian.

As seen from the map, a large part of the Finnish Precambrian has not
been divided into the groups mentioned, because they are very little known
from the stratigraphic point of view. Probably some more subdivision is
necessary, too. Errors in the groups already defined are very possible.

Acknowledgements — Dr. J. Seitsaari has been kind enough to read my manuscript.
He has made some valuable remarks, and I am very indebted to him. Mr. R. Ojakan-
gas, M. A., has made the necessary linguistic corrections.
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LAUMONTITE FROM YIITASAARI, CENTRAL FINLAND !

BY

FREDRIK PIPPING

Geological Survey of Finland, Otaniemi

ABSTRACT

Laumontite (leonhardite) has been found in a hydrothermal vein in Archasan
gneisses, in Central Finland. A chemical analysis, the physical properties, and the
dimensions of the leonhardite monoclinic unit cell are listed. A list of d-spacings is
included.

INTRODUCTION

Zeolites have earlier been found in several connections in Finland, though
only a few have been thoroughly investigated and described in the literature.
The most comprehensive study on a zeolite from Finland is a recently pub-
lished paper on laumontite by Eskola (1960). A short note on the same
subject was already published 25 years ago (Eskola, 1935). Laumontite and
analcite have later been identified from a Li-pegmatite by Neuvonen and
Vesasalo (1960). By oral communication the author is aware of several other
zeolite occurrences connected with ore bodies (Toivo Mikkola: Kolari, Lap-
land; O. Kouvo and Y. Vuorelainen: Vihanti and Korsniis mines). Eskola
further mentions that laumontite has been found in loose boulders in Central
Finland (Eskola, 1960). A similar occurrence has been reported by 0. Niykki,
M. A. (oral communication).

OCCURRENCE

In connection with ore-drillings in Viitasaari, Central Finland, in the
years 1957—1959, the author had an opportunity to investigate the core

1 ‘Received February 15, 1961.
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material of some 30 diamond-drillings. The geological setting is: Archaean
amphibolitic and micaceous gneisses, chiefly of sedimentary origin, with
garnetiferous zones. The ore mineralization is represented by the minerals
sphalerite, chalcopyrite and galena in rather uneven dissemination. A still
later phase of mineralization is represented by sparse and thin veinlets of
zeolites, mainly laumontite. In some instances even a narrow zone of the
surrounding rocks has been partly or almost wholly altered to laumontite.
The material for this study was taken from a 0.5 em thick veinlet occurr-
ing about 50 m below ground level (borehole R 36/Vs—58/77.60—77.61).
The mineral was first identified by optical means in thin section, and later
by X-ray methods. Accessory analcime, prehnite and natrolite were ident-
ified in thin section and later confirmed by X-ray powder photographs.

CHEMICAL COMPOSITION

A sample of 200 mg of carefully handpicked material from the vein
mentioned was analyzed by H. B. Wiik (Table 1, I). Later he analyzed a
similar sample of 57 mg for the alkalies (Na,O and K,0), using a Beckman-
type flamephotometer.

The analysis conforms well with earlier published ones. For comparison
three analyses from recent publications have been cited (Coombs 1952; Koch
1959; and Eskola 1960, see Table 1). The cation proportions and cation
numbers on the basis of 48 Oxygen atoms have been calculated by the pre-
sent author.

The unusually high Ca content in the laumontite from Viitasaari is prob-
ably due to slight impurities of prehnite occurring with the laumontite. The
high Al and low Si suggest the same source of deviation. Taking in consider-
ation, however, the very small sample analyzed, it is not surprizing that only
a few grains of prehnite might cause such a deviation. As any treatment
with liquids was avoided before analyzing, a definite control of possible im-
purities in the sample was difficult.

The low water content indicates that the sample, stored dry at room
temperature for several months, has given off some water and formed the
variety known as leonhardite (see e. ¢g. Coombs, 1952). As will be seen this
is confirmed by the optical and X-ray investigations.

PHYSICAL PROPERTIES AND X-RAY DATA

The specific gravity of the laumontite from Viitasaari was determined
by the floating method with the aid of a Westphal balance. The optical
properties were determined on a crystal fragment with the aid of a Wald-
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Table 1.
I ‘ 11 ‘ 1 v
Weight percentage
Si0g vevvvnunnnnnn. 49.95 52.04 51.57 50.70
AL Oy <o v s o 23.36 21.46 22.80 22.53
DG ot semmminmesaltens n.d. == — -
g R S e l n.d. 0.12 0.24 0.04
MO . e a3 mmians f 0.00 tr. 0.11 —
Ca0 .............. | 12.94 11.41 10.43 11.54
NagO .oienssnsms J 0.4 0.20 0.92 0.40
Ko ciismcr ortmmumne 0.3 0.66 1.09 0.30
H,0 tot. .......... . 12.82 13.80 12.98 14.41
99.77 99.69 100.14 99.92
Cation proportions
. R 7 ‘ - -
BT ot St ot s et 8312 8 660 8 582 ‘ 8 437
A i s smeians & swsms 4 582 | 4209 4472 1419
Fe...ooovvviinnn. — 1 15 30 5
Mg v, ot | s 27 —
Cg. ................ 2307 \ 2035 1 1 860 2 058
Na ............... 129 65 ‘ 297 ‘ 129
K oooeiieaeinnn, 64 ‘ 140 231 64
OH oo svmmns avliss 14 232 15 318 14 408 15 996
Cation numbers on basis of 48 Oxygen atoms
| | I )
(0 4.21 ' 3.79 | 3.43 | 3.85
N svcnr sfenweuss ! 0.24 0.12 0.55 0.24
Ko et s mansea st 0.12 0.26 ‘ 0.43 0.12
L 8.49 \ 7.84 | 8.26 8.26
SI L & 5 s s a0 15.41 16.13 15.85 15.78
HO ..oovvvnnnn. 13.19 14.23 13.31 | 14.96
Ca 4 (Na + K)/2 4.45 3.98 3.91 | 1.03
Ca4+Na+ K ..... ‘ 4.63 4.17 4.41 | 4.21
e il SR | 23.90 ‘ 23.97 24.11 | 24.04
Physical properties
SP: 8 o s bans v 2.26 (40.01) 2.29 (40.01) 2.28 (+0.01) ’ 2.26—2.¢
(I M U PP 1.504 (4-0.001) 1.507 (4-0.002) 1.509 1.505—1.5
T T PP e b 1.512(40.001) 1.516 (4-0.002) — —
Yoooeieiniiieias 1.516 (£0.001) 1.518(£0.002) 1.521 1.516—1.521
Vg 44°(+8°) 26° (+4°) 30° (var.) —
CAY v, | 30°(+2) 32 (+29) = 38°

Explanation to Table 1.

I. Laumontite from hydrothermal vein, Viitasaari, Finland.
by H. B. Wiik; Na,O and K,O determinations were made later on a separate 57 mg sample,
also by H. B. Wiik. The optical and specific gravity determinations were made by F. Pipping.

I1. »Laumontite on tuffa, Hungary, No. 192».
optical determinations by D

optics.
LI

Analysis made on 200 mg sample

kola, 1935, 1960). »Fresh-mineral» optics. Sp. gr. determined by the present author.
Hydrothermal miarolitic mineral.

IV

Laumontite from Petersberg, Halle a. d. Saale, Germany.

Analyst G. Schneidereit (Koch, 1959).

Mineralogical Museum, Cambridge. Analysis and
. S. Coombs (Coombs, 1952, Tables I and III). Leonhardite form

Laumontite from KXuhmoinen, Finland. Laumontitized migmatite. Analyst Y. Hentola (Es-
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Table 2. Cell dimensions for laumontite (leonhardite) from Viitasaari, Finland obtained
by single crystal and powder photograph methods.

\ 1 i 2 | 3 ‘ 4 5
a, | ] J 14.78 A l \ 14.72 A ‘ 1470 A
b, | 12.01 A ‘ - ‘{ B 13.02 A i 13.00 A
¢, | 7‘;7‘ 752 A ‘ 757 A | ( 7.57 A
B I 112%.0 | 112%0 (4 0.3) 17 - ;ﬁ, 7 111°.9 (4-0.7)
(110) A (110) | | | | 92°.74

Explanation to Table 2.

. b-axis oscillation photograph.
b-axis- Weissenberg zero-layer photograph.
c-axis oscillation photograph.
. c-axis Weissenberg zero-layer photograph. o -
. Calculated from powder-photograph reflexions 200 (6.86 A), 040 (3.25 A), 002 (3.51 A),
201 (4.17 A) and 201 (6.15 A)
For the calculations the following wavelengths have been used:
Cu Ka = 1.5418 A
Cu K = 1.3922 A

Ot oo =

Table 3. The dimensions and content of the unit cell of laumonite (leonhardite) from
Viitasaari, Finland.

a = 14.76 A (40.02 Si 15.17
b, = 12.98 A (4-0.03) Al 8.36
e, = 7.55 A (4-0.02 [ Ca 4.21
B =112°0 (40.3) | Na 0.24
V, =134L2x102cm® | K 0.12
D3y =226  (40.01) | H, 0 1209
V,: D =3031.1 x 10-24 gr. .0 34.74

mann-sphere in a U-stage. The values listed in Table 1 indicate the leon-
hardite form, having low indices of refraction and a rather great negative
axial angle. The specific gravity and optical properties of the earlier cited
laumontites are also given in Table 1.

Thorough X-ray studies of laumontite have been pubhshed by Coombs
(1952) and Heritsch (1956). The former author established clearly measur-
able differences in cell-size between laumontite and its water-poor equivalent
leonhardite. The corresponding changes in optical properties were also re-
corded by Coombs. The study by Heritsch is a purely X-ray crystallographic
investigation.
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Table 4. D-spacings for laumontite (leonhardite) from Viitasaari, Finland obtained
with 114.6 mm diameter camera, Cu K, -radiation, wavelength = 1.5418 A. Silicon
used as internal standard.

d \ d ‘ 1

9.4 Vs 2.788 VW
6.86 Vs 2.571 vw
6.15 vw 2.436 w
5.04 VW 2.367 vw
4.72 s 2.275 VW
4.50 w 2451 w
4.7 Vs 1.997 VW
3.51 S 1.957 VW
3.25 ms 1.704 VW
3.18 W 1.528 VW
3.04 w - l.aar VW
2.875 | vw 1310 | vw

The present X-ray data (listed in Tables 2 and 4) are based on single
crystal oscillation and Weissenberg photographs with b and ¢ axes rotation,
and also on powder photographs taken with a 1146 mm diameter camera.
(Buerger, 1942; Klug and Alexander, 1954). D-spacings for 2 @ angles up
to 75° are listed in Table 4, with ocular estimations of intensities.

The relative intensities of the reflections of the Weissenberg photographs
agree exactly with those listed by Heritsch (1956). Only some of the very
weak reflections listed by him are absent from the photographs taken by
the present author, obviously due to differences in time of exposure. The
unit cell dimensions given here (Table 3) are averages of the values contained
in Table 2. The unit cell content has been calculated on the basis of these
average numbers.

The unit cell constants of leonhardite now presented agree with the values
given by Coombs (1952) and Heritsch (1956), within the limits of error as
indicated by them, except for the b, which is about 1 9, smaller than their
values.

Acknowledgements — The author is indebted to H. B. Wiik, Ph. D. for making the
analyse. Sincere thanks of the author are also due to professor Pentti Eskola for kind
encouragement to publish these data, and for placing his material at the authors dis-
posal for comparison. He also wants to express his thanks to prof. K. J. Neuvonen,
University of Turku, and Atso Vorma, M. A. of the Geological Survey of Finland, for
their abundant advice during this work.
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METAMORPHIC FACIES AND STYLE OF FOLDING IN THE BELT
SERIES NORTHWEST OF THE IDAHO BATHOLITH 1

BY
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ABSTRACT

The sedimentary rocks of the Belt series of Precambrian age northwest of the Idaho
batholith were folded and metamorphosed during Jurassic time. The grade of meta-
morphism increases from the greenschist facies to the amphibolite facies in a distance
of about 60 km. The area studied lies within the PT-field of the epidote-amphibolite
and amphibolite facies, which are divisible into several subfacies. Index minerals such
as staurolite, almandite, cordierite, kyanite, andalusite, and sillimanite always ac-
companied by muscovite, together with the occurrence of the three aluminium sili-
cates, make it possible to estimate the relative temperature and pressure range of
recrystallization for each of the subfacies. The areal distribution of typical mineral
assemblages is related to the intensity and type of folding. High-pressure assemblages
are more common, and the folding tighter, in the western part of the area.

In most of the rocks of the epidote-amphibolite facies the folds are large and open,
but toward the batholith they become increasingly tighter, until in the zone next to
the batholith isoclinal flow folds prevail. The distribution of axial-plane cleavage in
the middle zones depends largely on the material folded.
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INTRODUCTION

The area studied lies in the southern part of the Idaho »panhandle» and
northwest of the Idaho batholith (Fig. 1). The metamorphic country rocks
of the batholith belong to the lower part of the Belt series of Precambrian
age. They consist of interbedded pelitic schists, quartzites, granofelées, and
diopside- or biotite-bearing gneisses. The gneisses and their granular low-
metamorphic equivalents, the granofelses !), contain calcium-rich layers that,
together with aluminium-rich pelitic schists, form an ideal material for the
study of metamorphism. The alternation of fairly thin units of schist, quartz-
ite, and gneiss or granofels, and the presence of distinct bedding within each
unit, make it possible to observe structural elements in detail and to deter-
mine their attitudes. }

Details of stratigraphy, petrology, and structure of highly and moderately
metamorphosed rocks in zones 0 to 15 and 15 to 50 km north of the batho-
lith, are described in longer reports (Hietanen, in press). The much less
metamorphosed equivalents of these rocks farther north have been described
by Ransome and Calkins (1908), Pardee (1911), Calkins and Jones (1911),
Umpleby and Jones (1923), and Wagner (1949).

The metamorphism increases steadily from north to south over a distance
of about 60 km. In the north the rocks were metamorphosed to the green-
schist facies, and in the south, near the batholith, to the higher-temperature
amphibolite facies. Several subfacies can be recognized and mapped; each

1 A rock name coined by Goldsmith (1959).
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Fig. 1. Location of area studied (encircled) in northern Idaho. Outline
of the northern part of the Idaho batholith is shown by a dotted line.

is characterized by one or more index minerals, such as staurolite, andalusite,
kyanite, sillimanite, and cordierite, and by typical mineral assemblages, each
stable only within a certain temperature-pressure field (Fig. 2, Plate I).
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The rocks of the Belt series were folded and metamorphosed during the
Nevadan orogeny (Jurassic). The lead-alpha age of the quartz monzonite
batholith and its quartz diorite border facies is late Early Cretaceous (Larsen
and others, 1958), and thus younger than the folding and attendant meta-
morphism of the Belt series. As the grade of even this early metamorphism
increases toward the batholith, the place now occupied by the batholith
must have been a heat center at least as early as Jurassic time. Structural
studies show that many of the migmatitic veins near the batholith were
emplaced before the folding, which indicates that the granitic rocks began
to form even earlier. 7

In the following pages the rocks and their mineral assemblages are de-
scribed first, then some of their structural features. Comparison of the in-
tensity of metamorphism with the structures shows that the course of re-
crystallization in the field of changing temperature and pressure, and the
intensity and type of folding are closely related.

It has been pointed out by de Sitter (1956) that two different types of
folding, concentric folding and cleavage folding, are frequently found in
alternating layers of the same strata. Concentric folds, called flexural slip
folds by Knopf and Ingerson (1938) and flexure folds by Fairbairn (1949),
are formed in distinctly stratified rocks by bending of compositional layers.
In many thick homogeneous layers of the same strata, a new shear plane
may be developed as a result of deformation, and folds are then formed by
slip along these rather than along the compositional layers. These folds,
called cleavage folds by de Sitter (1956), flexuralslip folds by Knopf and
Ingerson (1938), and shear folds by Fairbairn (1949), are most common in
rocks deformed at moderate depths, but become increasingly rare where the
deformation occurred at higher and lower levels in the earth’s crust.

When the same strata are studied throughout a large area within which
the degree of metamorphism varies widely, it is possible to eliminate the
effects of differences in stress level and in homogeneity of the folded material,
and to observe the relations between style of folding and degree of meta-
morphism. These relations are well demonstrated in the various metamor-
phic zones northwest of the Idaho batholith.

OUTLINE OF LITHOLOGY AND STRATIGRAPHIC SEQUENCE IN THE BELT
SERIES

Metamorphosed equivalents of the rocks of the Belt series northwest of
the Idaho batholith consist of several units of quartzite and diopside- and
biotite-bearing gneisses interbedded with pelitic schists. Comparison of the
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lithology, stratigraphic sequence, and thicknesses of the units indicates that
equivalents of all but the youngest formation exposed in the Coeur d’Alene
district — Prichard, Burke, Revett, St. Regis, and Wallace (Ransome and
Calkins, 1908) — are represented in various parts of the area. The lowest
formation, the Prichard, which covers the north-central part of the area,
consists mainly of garnet-mica schist with at least two quartzite units inter-
bedded. In most sections the two quartzite units range in thickness from
30 to 100 m, and are separated by more than 700 m of garnet-mica schist.
About 400 m of garnet-mica schist is exposed above the upper quartzite unit;
anorthosite, lime-silicate rocks, and about 600 m of aluminium-silicate-bear-
ing schist underlie the lower quartzite unit. The bottom of the Prichard
formation is not exposed.

The Burke formation, which in northern Idaho consists of impure quartz-
ite, could be identified only in the northeastern part of the mapped area,
where it consists of about 300 m of thin-bedded micaceous granular quartz-
ite. The Revett quartzite is about 500 m thick; it consists of thick-bedded
coarse-grained pure quartzite that is easy to identify in the field. The St.
Regis formation, which overlies the Revett quartzite, consists, in this area,
of garnet-mica schist. Above the St. Regis formation are at least two litho-
logic units of diopside- and biotite-bearing gneisses interbedded with alu-
minous mica schist. These rocks form a heterogeneous sequence that, allow-
ing for changes due to metamorphism, is lithologically similar to the Wallace
formation and is correlated with it. As this formation consists of calcareous
layers interbedded with aluminium-rich pelitic schist, it is better suited than
any of the others for study of the grade of metamorphism. The lithologic
units within it, moreover, can be followed for a distance of about 50 km
from northwest to southeast, and thus from the field of moderate meta-
morphism to that of high-grade metamorphism.

METAMORPHIC FACIES

The distribution of metamorphic facies in the Belt series was determined
by study of the mineral assemblages in the aluminium-rich pelitic layers and
the interbedded calcareous layers. The composition of plagioclase in the
gneissic layers that contain epidote minerals was also helpful as an indicator
of facies, especially where no aluminium-rich silicates were found. The
distribution of some of the critical minerals in the pelitic schist layers is
shown in Figure 2 (Pl. I). This needs, however, to be supplemented by
describing the mineral assemblages in layers of differing composition within
each metamorphic zone.
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EPIDOTE-AMPHIBOLITE FACIES

The schist in the northwestern and northeastern parts of the area is
fine to medium grained, and contains some plagioclase and a considerable
amount of muscovite, biotite, and garnet. In addition to these minerals,
staurolite and kyanite are common in the schist near Clarkia and in the
northeastern corner of the mapped area.

The gneissic layers interbedded with the schist consist of quartz, plagio-
clase, microcline, and one or more of the minerals diopside, biotite, and horn-
blende. These layers are fine grained and can be seen in the field to be
granular, but under the microscope the grains have rather irregular, slightly
interlocking borders.

No aluminium silicates are in the schist in the extreme northwestern part
of the area, nor in the schist 5 km or more north of the mapped area. In
this outer zone, biotite and garnet crystallized late, and the plagioclase of
the gneissic layers is more sodic than that in the gneissic layers that are
interbedded with kyanite- and staurolite-bearing schist near Clarkia. Horn-
blende instead of diopside crystallized in many calcareous layers north of
Clarkia. Thus it seems that the rocks north of Clarkia and those 5 km or
more north of Bathtub Mountain recrystallized at lower temperature and
pressure than those near Clarkia; accordingly two subfacies are recognized,
one characterized by biotite, almandite, epidote, and albite and the other
by kyanite and staurolite. The third subfacies, characterized by the occur-
rence of andalusite instead of kyanite, is found only in the east-central part
of the area.

BIOTITE-ALMANDITE SUBFACIES

The common mineral assemblages in the various layers of the Wallace
formation in the extreme northwestern part of the area are as follows:
Pelitic assemblages:

1) Almandite-biotite-muscovite-plagioclase (An; ,,)-(zoisite)-quartz.
2) Muscovite-biotite-microcline-plagioclase (Ang_,.)-(clinozoisite)-quartz
(Table 1, No. 1908).
Quartzo-feldspathic assemblages:
3) Biotite-muscovite-plagioclase (Ang_,;)-(clinozoisite)-scapolite-quartz.
4) Biotite-microcline-plagioclase (Ang ,,)-(quartz (Table 1, No. 1906).
Calcareous assemblages:
5) Hornblende-biotite- plagloclase (An10_15) epidote-quartz, with or with-
out microcline.
6) Hornblende-blotxte-mlcrochne-calclte-quartz.
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7) Hornblende-microcline-plagioclase (An; ,;)-scapolite-quartz, with or
without calcite and epidote (Table 1, 1915).

8) Biotite-calcite-epidote-albite-quartz, with or without microcline or
scapolite or both.

The anorthite content of the plagioclase that occurs with the epidote
minerals is highly variable and depends in part on the calcium-aluminium
ratio of the original sediment. Where enough aluminium was available, the
plagioclase is richer in anorthite; the highest An-content measured in the
thin sections is An,,. If this value is compared with the equilibrium dia-
gram of epidote and plagioclase given by Ramberg (1949), the indicated
temperature of recrystallization in this part of the area would have been
about 350°C, and thus within the range of the epidote-amphibolite facies
but below the upper limit of this facies which, according to Barth (1952,
p. 338), should be placed at 400° C, where plagioclase An,, crystallizes in
equilibrium with epidote.

STAUROLITE-KYANITE SUBFACIES

Small brown crystals of staurolite, and white clusters that are 14 to 2 cm
long and consist of small crystals of kyanite and muscovite are common in
the fine-grained garnet-mica schist east of Clarkia. Near Anthony Peak and
in the northeastern part of the mapped area, the rocks contain aggregates
and individual crystals of kyanite 2 to 8 em long and garnet crystals 3 to
10 mm in diameter. Staurolite crystals 0.5 to 2 cm long are common in the
kyanite-bearing garnet-mica schist in the northeastern part of the area.
Staurolite without kyanite was found only in a few isolated localities, such
as the ridge extending south of Bathtub Mountain, where staurolite crystals
3 to 6 cm long form about 25 percent of the rock. Since most outecrops
around this locality also contain kyanite, it seems likely that the crystalliza-
tion of abundant staurolite was due to a high content of iron rather than
to a locally lower temperature and pressure. This view is supported by an
occurrence of minute needles of sillimanite in a few thin sections of rocks
collected at Bathtub Mountain.

Staurolite crystals, ranging from 1 to 2 cm in length, are abundant in
the garnet-mica schist north of Surveyors Ridge, in the northeastern corner
of the mapped area. Pseudomorphs of muscovite after either andalusite or
kyanite are common here, and indicate a later metasomatic addition of
potassium. The anorthite content of the plagioclase in the epidote-bearing
layers interbedded with these schists is Ang, 5,, which indicates that the
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Table 1. Chemical composition in weight and ionic percentages,

series metamorphosed to the epidote-

1558 1615 1613 1579 1578 1908
Revett Kyanite- Kyanite- Kyanite- Biotite Biotite
quartz almandite almandite staurolite quartzite gneiss

ite schist schist schist 7 km SE. of Merry
Sur- 5 km east 6 km east Bathtub Bathtub Creek, 7 km
‘R%%res of Clarkia of Clarkia Mountain Mtn. ‘ f‘:lfx:k(i):
Constituent \Veight

1[0 P — | 95.90 | 62.51 75.14 | 66.28 ‘ 83.55 | 73.21

Y ‘ 2.25 | 19.78 12.51 16.01 7.53 12.87

Fe,05 ...... ‘ 0.17 | 1.24 0.61 1.31 0.52 0.86

FeO v vs s 0.00 | 5.86 2.97 4.86 0.70 1.39

MnQ i s oeon 0.00 0.09 0.04 | 0.05 | 0.04 | 0.02

MeO o .ooms 0.09 2.09 1.76 ‘ 2.78 ‘ 1.49 2.17

0a0 v s o5 0.00 0.5¢ | 0.57 0.36 1.66 1.48

N80 5.6 0.06 0.75 0.81 | 0.89 126 3.32

K0 ........ 0.66 3.78 " 3.17 ‘ 3.88 1.51 | 2.81

Ti0g = o 0.17 0.56 0.49 0.55 ' 0.26 0.49

POk s s s ‘ 0.01 | 0.20 0.13 | 0.16 0.05 0.06

[ 516 TS — | 0.02 0.02 0.01 | 0.01 0.01 0.01

[ E = | = | o= | = e =

H,0+ ...... | 0.34 | 2.15 | 1.43 2.37 } 0.82 0.72

H,O0—...... 0.02 | 0.12 0.06 0.13 0.15 | 0.17

Total | 99.69 | 99.69 99.70 | 99.64 | 99.55 99.58
Cation

110 PN | 95.95 61.10 73.51 64.97 82.70 | 69.41

AlQgla < uuns ‘ 2.66 22.19 14.43 18.50 8.30 | 14.38

FeOs/g o«.... 0.13 0.92 0.45 0.97 0.37 0.61

FeO ........ 0.00 4.79 243 | 3.98 0.54 | 1.10

MnO ....... C o 0.00 0.08 | 0.02 0.04 0.03 | 0.02

MgO ....... 0.13 3.04 2.57 4.06 2.08 3.06

O8O 2 cugerei 0.00 0.56 0.60 | 0.38 1.66 } 1.50

NaOyfs ... 0.12 1.42 1.54 ‘ 1.70 2.28 6.11

KOy/g ...... 0.84 4.71 3.97 | 4.85 1.80 3.40

4 E(0 PORERIER 0.13 0.41 0.36 | 0.41 0.19 0.35

POgfys « < sores 0.01 0.16 0.11 | 0.13 0.04 | 0.05

0§, sons s 0.03 0.02 0.01 0.01 0.01 | 0.01

L2 FLC I (1.14) (7.01) (4.67) (7.75) (2.55) | (2.28)

Total|  100.00 100.00 100.00 ‘ 100.00 ) 100.00 | 100.00

¢ PR 195.90 163.55 174.06 ] 164.29 { 182.70 ’ 170.30

OF: .coro e 2.28 14.02 9.34 15.50 5.10 4.56

Clt ........ = = — = — ‘ —

Anions | 19818 | 177.57 | 183.40 | 17979 |  187.80 |  174.86

Analysts: Paula Montalto, U.S. Geological Survey, Nos. 1558, 1579, 1578, 1580, 1541.
Dorothy Powers, U. S. Geological Survey, Nos. 1615, 1613, 1908, 1906, 1527, 1915, 1260,

1262.

1 Amount needed to form scapolite.
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molecular norms and modes of the equivalents of the Belt
amphibolite and amphibolite facies.
1906 1580 1527 1915 1541 1260 1262
Biotite Biotite- Hornblende Hornblende- Diopside- Diopside- Diopside-
gneiss scapolite gneiss scapolite plagioclase biotite scapolite
Cresk Skam | 1 Vgl;els;E e g gnegs Kk m ENE e e
‘reek, m 3 A 8 o
NE. of | of Bathtub | pireior¥m | 8o NE. of | of Bathtub | Tgaateh P ek
Clarkia Mountain Clarkia Mtn.
percent
77.84 62.56 | 73.07 60.74 71.85 70.28 | 65.51
9.36 14.36 11.22 12.37 9.64 9.65 | 10.18
0.67 0.66 | 0.64 1.36 0.52 0.45 | 0.48
1.56 5.35 | 2.17 2.70 2.18 1.82 2.25
0.03 0.06 0.04 0.09 0.10 0.05 0.07
1.68 6.20 | 2.63 6.06 2.79 2.98 4.12
2.44 1.98 5.83 8.72 7.40 1.52 11.83
2.85 1.59 2.65 2.43 2.37 2.08 1.72
1.43 4.25 0.21 2.46 1.98 2.57 1.57
0.37 0.53 0.43 0.46 0.36 0.50 0.45
0.06 0.10 0.06 0.12 0.10 0.07 0.07
0.81 0.13 0.38 0.01 0.06 0.91 0.31
— (0.13) — (1.14) — — (0.56)
0.54 1.90 0.48 0.86 0.47 0.26 0.36
0.08 0.11 0.04 0.10 0.21 | 0.10 0.05
99.72 | 99.78 99.85 98.48 99.53 | 99.24 |  98.97
percent
74.41 59.56 69.54 57.65 68.18 66.90 62.52
10.55 16.11 12.58 13.84 10.85 10.82 11.45
0.48 0.47 0.46 0.97 0.38 0.32 0.34
1.25 4.26 1.73 2.15 1.74 1.45 1.79
0.02 0.05 0.03 0.07 0.08 0.04 0.06
2.39 8.80 3.73 8.57 3.97 4.23 5.86
2.50 2.02 5.94 8.87 7.58 7.67 12.10
5.28 2.94 4.89 4.47 4.39 3.85 3.18
1.5 5.16 0.25 2.98 2.41 3.12 1.92
0.26 0.38 0.31 0.33 0.26 0.36 0.32
0.05 0.08 0.05 0.09 0.08 0.06 0.06
1.06 0.17 0.49 0.01 0.08 1.18 0.40
(1.72) (6.04) (1.52) (2.72) (1.50) (0.82) (1.15)
100.00 100.00 100.00 100.00 100.00 100.00 100.00
176.08 158.43 172.84 159.08 169.36 167.80 165.52
3.44 12.08 3.04 b.44 3.00 1.64 2.30
— (0.21) - (1.83) - — (0.90)
179.52 | 170.51 | 175.88 16452 | 172.36 |  169.44 | 167.82
11 2192—61
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Table 1.
1558 1615 1613 1579 1578 1908
Revett Kyanite- Kyanite- Kyanite- Biotite Biotite
quartz- almandite almandite staurolite quartzite gneiss
ite schist schist schits 7 km SE. of Merry
Sur- 5 km east 6 km east Bathtub Bathtub Creek, 7 km
veyors of Clarkia of Clarkia Mountain Mtn. NE. of
Ridge Clarkia
Molecular
(Y p— 92.98 35.13 51.72 37.83 65.02 34.53
[0) NPT 4.20 23.55 19.85 24.25 9.00 17.00
AB 5 nianatst s 0.60 7.10 7.70 8.50 11.40 30.55
AN s - 1.35 2.05 0.75 7.90 7.05
C .vvvnnn 1.70 16.12 8.10 11.65 1.06 2.05
WOsoesigisen — — — — — —
BN comnames 0.18 6.08 5.14 8.12 4.16 6.12
Fs ......... — 8.00 3.74 6.26 0.40 0.94
AP o srvarmizpons = 0.02 0.43 0.29 0.35 0.11 0.13
I s s ersiwas 0.13 0.82 0.72 0.82 0.38 0.70
Mt ......... 0.13 1.38 0.67 1.45 0.55 0.91
(] (R W 0.06 0.04 0.02 0.02 0.02 0.02
Total| 100.00 | 100.00 100.00 | 100.00 100.00 100.00
Calculated
Quartz ..... 93.02 3b.25 54.34 41.85 66.54 38.39
Plagioclase .. 0.60 An,, 7.30 Ang, 8.15 Ang 8.25 | Ang, 15.55 | Angy 33.45
Scapolite .. .. — — — - - —
Microcline . . . 0.20 0.65 0.75 2.55 5.20 6.95
Muscovite . .. 5.60 25.76 20.80 18.72 — 5.20
Biotite ..... — 12.46 10.96 17.98 8.27 14.82
Chlorite . .. .. 0.35 — — — — —
Almandite .. — 10.16 4.02 7.16 — =
Staurolite . .. — — — 2.10 — =
Kyanite .... — 11.10 3.25 3.47 — =
Diopside .. .. — — — — —- —
Tremolite . .. - — — — — —
Hornblende - — = — -
Epidote . .... —- — — — —
Zotsito .. .. — . . - L70
Clinozoisite . . - — —_ — 4.26 —
Apatite . .... — 0.43 0.29 0.35 0.11 0.13
Magnetite . .. — 0.81 0.57 1.23 0.55 0.81
Hematite ... 0.13 — — — = i
Tlmenite .. .. — 0.74 0.68 0.56 — —
Sphene ... .. - — — — 0.57 0.99
Rautile ... 0.13 — — 0.10 — —
Calcite ...... — 0.04 —- 0.02 0.02 —
Magnesite . . . 0.06 — — = — s s
Xenotime . .. 0.02 = = — _— _—
Tourmaline . . — _— — s — -
100.11 | 104.70 103.81 | 104.34 101.07 102.44
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Continuation.

1906 1580 1627 1915 1541 1260 1262
Biotit: Biotite- Hornblende- Diopside- ; ide-
gneiss scapolite | Homblende | TLC e | plagioclase | Djopside | Diopside
Merry gneiss St. Maries gneiss gneiss gneiss gneiss

Creek, 3;*"1 1 ;’:Bk';‘h’f’% River, 7 km gﬁf{"y lé}{fekg kagl g};‘F{) Potlatch Potlatch
. Ol (0 a u m y O a
Clarkia Mountatn, | ok Clutkds Clarkia ” Men, Lrosk Creck
norm
47.44 19.32 40.08 13.42 33.05 32.48 25.22
8.75 25.80 1.25 14.90 12.05 15.60 9.60
26.40 14.70 24.45 292.35 21.95 19.25 15.90
6.80 8.60 18.60 15.96 10.13 9.61 15.87
0.80 4.57 —_— — —_— — _—
— — 3.30 11.04 10.68 8.94 16.86
4.78 17.60 7.46 17.14 7.94 8.46 11.72
1.54 7.40 2.44 2.82 2.74 1.94 2.72
0.13 0.21 0.13 0.24 0.21 0.16 0.16
0.52 0.76 0.62 0.66 0.52 0.72 0.64
0.72 0.70 0.69 1.45 0.57 0.48 0.51
2.12 0.34 0.98 0.02 0.16 2.36 0.80
100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
molecular mode
50.98 33.80 41.49 17.85 32.74 33.47 26.22
Ang 28.00 | Ang 11.25 | Ang, 33.65 — | Ang, 31.90 | Ang, 27.85 | Angg 14.05
— | Me,; 6.46 — | Me,q 31.28 = — | Meg; 18.90
2.60 — — 14.90 11.80 12.95 9.4
0.64 3.34 — — — — —
12.56 48.33 2.73 — 0.58 B 0.40
= — 1.52 — 2 — =
= = iy _ 19.31 16.96 30.59
— — — 2.18 —
— — 15.63 37.23 — - —
—- — 1) — — —
2.84
} - } 128 o z " > .
0.13 0.21 0.13 0.24 0.21 0.16 0.16
0.63 0.48 0.03 — 0.57 0.06 0.30
: 0.20 — — — = —
0.72 0.75 0.81 0.99 0.78 1.08 0.96
2.12 - 0.98 - 0.16 2.36 _
0.57 - — — = == =
101.79 106.10 | 101.90 | 104.20 | 100.23 | 100.66 |  100.98
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temperature of recrystallization in this zone was somewhat higher than in
the extreme northwestern corner of the mapped area. Common mineral
assemblages are as follows:

Pelitic assemblages:

1) Kyanite-staurolite-almandite-biotite-muscovite-plagioclase (Ang ,5)-
quartz (Table 1, Nos. 1579, 1613, 1615).
2) Almandite-biotite-muscovite-(plagioclase)-quartz.
Quartzo-feldspathic assemblages:
3) Biotite-microcline-plagioclase (An,; ,,)-quartz, with or without mus-
covite and epidote minerals (Table 1, Nos. 1558, 1578).
4) Biotite-plagioclase (Ang, 5,)-zoisite-scapolite-quartz.
5) Biotite-muscovite-plagioclase (An,g 5,)-zoisite-quartz, with or without
scapolite (Table 1, No. 1580).
Calcareous assemblages:
6) Diopside-hornblende-biotite-plagioclase (An, ,,)-quartz.
7) Hornblende-biotite-(microcline)-plagioclase (Ang,)-zoisite-quartz
(Table 1, No. 1527).
8) Diopside-tremolite-biotite-plagioclase (An,; ,,)-quartz, with or with-
out microcline (Table 1, No. 1541).
9) Diopside-biotite-microcline-plagioclase (An,, 4,)-quartz, with or with-
out scapolite and epidote.
10) Diopside-calcite-microcline-plagioclase (Ang, ,)-quartz.

The mineral assemblages listed above indicate that the rocks near Clarkia
and near Bathtub Mountain were metamorphosed to a subfacies that would
correspond to the staurolite subfacies of Turner (in Fyfe, Turner, and Verhoogen
1958, p. 229), except that the rocksnearly all contain kyanite as well asstaurolite.
This subfacies is therefore called the staurolite-kyanite subfacies; it is re-
garded here as distinct from the andalusite-staurolite subfacies discussed in
the following section. It is not known whether staurolite without kyanite
occurs north of the kyanite-staurolite schists. Reconnaissance showed diop-
side gneiss and quartzite just north of the kyanite-staurolite schists, and
farther north almandite-biotite schist.

The most calcic plagioclase in the epidote-bearing gneisses interbedded
with the kyanite-staurolite schists is An,,. This An content is too low for
rocks of the amphibolite facies as defined by Barth (1952), and it supports
Francis’ (1956, p. 356) conclusion that staurolite crystallizes in the tempera-
ture-pressure field of the epidote-amphibolite facies. Turner (in Fyfe, Turner,
and Verhoogen, 1958, p. 229) includes the staurolite subfacies in the almandite-
amphibolite facies, and thus makes it a wider range than Francis’ amphi-
bolite facies. As epidote minerals are fairly common in the gneissic layers
interbedded with the staurolite-(kyanite)-bearing schists but rare in the
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higher-temperature zones, it seems useful, in describing the rocks of this part
of Idaho, to distinguish between the amphibolite facies proper, and an

epidote-amphibolite facies, which would include the staurolite-kyanite sub-
facies.

ANDALUSITE-STAUROLITE SUBFACIES

Andalusite instead of kyanite crystallized in the eastern part of the area
south of The Nub, and there the mineral assemblages in the pelitic layers
are as follows:

1) Andalusite-staurolite-(sillimanite)-biotite-muscovite-plagioclase
(Anyo_y5)-quartz.
2) Andalusite-almandite-biotite-muscovite-(plagioclase)-quartz.
3) Staurolite-almandite-biotite-muscovite-(plagioclase, An,, ;)-quartz.
The mineral assemblages in the quartzo-feldspathic and calcareous layers are
similar to those in the staurolite-kyanite subfacies.

The presence of andalusite instead of kyanite indicates a lower pressure
and probably a somewhat higher temperature. These stability relations
between the critical minerals can be illustrated by a PT-diagram similar to
those used by Thompson (1955) and Francis (1956), but certain marked
differences from their diagrams were found. Staurolite was found in some
samples of kyanite-sillimanite schist, in andalusite-sillimanite schist, and
also where all three aluminium silicates occur together (Hietanen, 1956); the
stability field of staurolite may therefore include the triple point of the three
aluminium silicates (Fig. 3). The common occurrence of andalusite in the
staurolite schists may indicate that in the andalusite field the stability curve
of staurolite is closer to that of the andalusite — sillimanite inversion curve
than shown in Figure 3. The mineral associations in the Boehls Butte quad-
rangle (Hietanen, 1956) raise the question whether cordierite is stable at the
temperature and pressure of the triple point. Since cordierite was not found
in either the kyanite rocks or in the andalusite-kyanite rocks, the stability
field of cordierite does not overlap that of kyanite. Thus the stability curve
for cordierite may pass through the triple point, or deviate from it only a
little toward a lower pressure, and may divide the andalusite field in such a
manner that the stability field of cordierite overlaps that of staurolite. In
that part of the andalusite field where both staurolite and cordierite would
be stable, the iron-magnesium ratio of the sediment would determine which
of these two minerals crystallized. This is shown, for instance, by the occur-
rence of cordierite in some layers that are interbedded with staurolite-
bearing layers in the north-central part of the mapped area. The occurrence
of sillimanite in the kyanite-garnet gedritite near Orofino (Hietanen, 1959)
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Fig. 3. PT-diagram showing fields of stability of metamorphic facies. Hypothetical
stability curves for the index minerals are superimposed on the inversion curves of kyanite,
andalusite, and sillimanite and divide the PT field into subfields each of which represents
the stability field of a certain subfacies. For comparison are plotted the minimum melt-
ing curve for granite and the stability curve for muscovite after Yoder and Eugster
(1955), the wollastonite curve after Harker and Tuttle (1956), and the brucite-periclase

curve after McDonald (1955).
hypothetical.

The minimum melting curve for quartz monzonite is

The inversion curves for the three Al-silicates are similar to those
suggested by Miyashiro (1949).

would place the PT-conditions of this rock on the kyanite — sillimanite inver-
sion curve, and thus into a higher pressure than that in which cordierite is

stable.

AMPHIBOLITE FACIES

The transition from the epidote-amphibolite to the amphibolite facies is
placed along the zone where staurolite disappears and minute needles of
sillimanite appear between the muscovite flakes, within the biotite flakes,
and in some places around the kyanite and andalusite crystals.
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In the western part of the mapped area, kyanite and almanite crystallized
instead of staurolite, according to the following reaction:

6HFe,AlgSi,044 + 11810, > 23A1,8i0;5 + 4FeyALSiz0,5 + 3H,0
6 staurolite 11 quartz 23 kyanite 4 almandite 3 water

Pseudomorphs consisting of small crystals of kyanite, staurolite, garnet,
and muscovite were found east of Papoose Mountain. These pseudomorphs
are 4 to 5 cm long, and their shapes suggest that they replaced staurolite
crystals. The recrystallization took place on the borderline between the stau-
rolite-kyanite and kyanite-almandite subfacies and involved addition of
potassium. In the east-central part of the area, east and west of Eagle Point,
andalusite and cordierite are common, and in the north-central part all three
polymorphs of Al,SiO; crystallized with staurolite or cordierite.

In the gneissic layers anorthite and microcline crystallized instead of
zoisite and muscovite as follows:

4CayAlgSig(OH)0,, + KyAlSig(0OH),0,, + 4510, - 8CaAl,Si,04 + 2KAISi;04 + 4H,0
4 zoisite muscovite 4 quartz 8 anorthite 2 microcline 4 water

All reactions along the facies boundaries involve water, and the stability
curves for the index minerals are therefore assumed to be of the type cal-
culated for the equilibrium of hydrates (see Fyfe, Turner, and Verhocgen,
1958, p. 119). Some of the reactions, such as biotite — sillimanite, involve
metasomatic removal of certain elements (e.g. Mg, K), which may form min-
erals rich in these elements in the adjoining layers. Some of the cordierite and
segregations of biotite were probably formed in this manner. A slight change
of pressure ir the muscovite-sillimanite field near the triple point of the
three aluminium silicates would determine whether or not cordierite would
crystallize with sillimanite (see Fig. 3, G, and G,).

The rocks in which staurolite is found with andalusite, kyanite, and
sillimanite occur around the anorthosite bodies in the north-central part
of the area. These rocks probably crystallized at or near the temperature
and pressure of the triple point (Hietanen, 1956). Staurolite with andalusite
and sillimanite was found in the schist on The Nub, and staurolite with
kyanite and sillimanite on Bathtub Mountain. No signs of disequilibrium
were found in any of the thin sections studied. Thus it seems that in this
area the stability field of staurolite may overlap that of sillimanite (Fig. 3),
making it difficult to define the lower limit of the amphibolite facies. Silli-
manite with kyanite is common in the rocks near Hemlock Butte. This
association occurs south of the staurolite-bearing rocks, and thus in a higher
temperature zone closer to the batholith. The temperature and pressure of
recrystallization in this zone must have been higher than those at the triple
point (Fig. 3, point C). Andalusite may have crystallized at the same temper-
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ature but under lower pressure. The mineral association andalusite-cor-
dierite is common in rocks formed at high temperatures and low pressures;
as shown schematically in Figure 3, it would occupy the higher-temperature
part of the andalusite field. The occurrence of muscovite with sillimanite in
all high-grade rocks of the mapped area indicates, according to the experi-
mental work by Yoder and Eugster (1955), that the temperature did not
exceed 650°C. The amphibolite facies below this temperature can be sub-
divided into three subfacies, all of which may have been formed in the same
temperature range but at different pressures. These subfacies are, in order
of increasing pressure: andalusite-cordierite, sillimanite-muscovite, and
kyanite-almandite. Most of the rocks of the sillimanite-muscovite subfacies,
however, crystallized in a higher temperature because they are next to the
batholith.

EKYANITE-ALMANDITE SUBFACIES

The schist of this subfacies is a little coarser grained than that of the
staurolite-kyanite subfacies. The mica flakes range from 15 to 2 mm in
length, and the garnet crystals from 3 to 10 mm in diameter. The kyanite
crystals are from 15, to 2 cm long and in many places are surrounded by
sillimanite. The common mineral assemblages are as follows:

Pelitic assemblages:

1) Kyanite-sillimanite-biotite-muscovite-(plagioclase)-quartz.

2) Kyanite-almandite-biotite-muscovite-(plagioclase)-quartz.

3) Almandite-biotite-muscovite-plagioclase-quartz.

Most of the calcareous layers contain both diopside and biotite. Mega-
scopically these layers are similar to those of similar composition in the epi-
dote-amphibolite facies. The common mineral assemblages are:

4) Diopside-(biotite)-microcline-plagioclase (Ang, .)-scapolite (Mes;)-
quartz (Table 1, No. 1262).

5) Diopside-(biotite-microcline)-plagioclase (Ang, .,)-clinozoisite-quartz
(Table 1, No. 1260).

Plagioclase near An;, is associated with clinozoisite in a sample collected
10 km west of Hemlock Butte, which according to Ramberg’s diagram
(1949) would indicate a temperature close to 430° C.

-

ANDALUSITE-CORDIERITE SUBFACIES

The stability relations between the three aluminium silicates indicate that
andalusite, instead of kyanite, crystallizes during thermal metamorphism
under low pressures. Andalusite is common near the contacts of igneous
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bodies that were emplaced after the dynamic phase. Since cordierite occurs
with all three aluminium sillicates (Hietanen, 1956), the stability curve for
cordierite in this area probably lies close to or passes through the triple
point (Fig. 3).

The rocks belonging to the andalusite-cordierite subfacies occur in the
eastern part of the area, where folding is gentler than in the western part.
Reconnaissance shows that andalusite with or without sillimanite is common
near the North Fork of the Clearwater River, southeast of the Canyon Ranger
Station. The pelitic assemblages are:

1) Andalusite-(sillimanite)-biotite-muscovite-plagioclase (An,g)-quartz,
with or without cordierite.

2) Almandite-biotite-muscovite-plagioclase-quartz.

Some andalusite-bearing layers contain irregularly shaped pseudomorphs
of chlorite. Similar pseudomorphs of chlorite are common in the quartz
monzonite near Beaver Butte, where they have replaced cordierite; this
rock exhibits every stage of alteration of cordierite — first to pinite and then
to aggregates consisting of chlorite or of chlorite and muscovite. It therefore
seems very likely that the chlorite aggregates in the andalusite schist also
were formerly cordierite, and that these rocks were crystallized to the
andalusite-cordierite subfacies. Sillimanite occurs in some layers, which
indicates proximity to the inversion curve andalusite — sillimanite.

The calcareous layers interbedded with the schist consist mainly of
quartz, plagioclase, diopside, and biotite. In this respect and in megascopic
appearance they are similar to the calcareous layers in the kyanite-almandite
subfacies, but in thin sections it is seen that they are generally more granular
and fine grained. They are granofelses (Goldsmith, 1959) rather than
gneisses.

SILLIMANITE-MUSCOVITE SUBFACIES

The wide areal distribution of the sillimanite-bearing rocks and the
increase of grain size within them toward the batholith indicate that there
was a wider range of temperature in the sillimanite-muscovite subfacies than
in the kyanite-almandite or andalusite-cordierite subfacies. The stability
relations shown in Figure 3 illustrate the situation. The assumed course of
crystallization in various parts of the area is illustrated by curves A to D,
E to G, and H to I. Since all the curves are fairly close to the triple point of
the three aluminum silicates, they pass to the sillimanite field at a tempera-
ture of around 500° C. In rocks that recrystallized at higher or lower pres-
sures than these curves indicate, the transitions kyanite — sillimanite and
andalusite — sillimanite would take place at higher temperatures, perhaps
close to 600° C.

12 2192—61
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The mineral assemblages in the sillimanite-muscovite subfacies are as
follows:
Pelitic assemblages:

1) Sillimanite-almandite-biotite-muscovite-plagioclase (Any, g;)-quartz.

2) Almandite-biotite-(muscovite)-plagioclase (Any, ;;)-quartz.
Quartzo-feldspathic assemblages:

3) Biotite-(muscovite-microcline)-plagioclase (Any; ,;)-quartz.
Calcareous assemblages:

4) Diopside-actinolite-biotite-(microcline)-plagioclase (An, g;)-quartz.

5) Diopside-(biotite)-plagioclase (Ang, ,;)-quartz.

6) Diopside-grossularite-plagioclase (An g;)-quartz.

7) Diopside-calcite-grossularite-quartz.

All gneissic layers in the sillimanite-muscovite subfacies are coarser
grained than the corresponding layers interbedded with kyanite- and anda-
lusite-bearing schists.

No wollastonite was found in any of the thin sections examined.

THE OCCURRENCE OF KYANITE OR OF ANDALUSITE AND THE INTENSITY OF
DEFORMATION

The sequence of mineral assemblages in the pelitic layers in the western,
central, and eastern parts of the area shows certain trends that are illustrated
with curves in the PT-diagram (Fig. 3). In the western part the trend of
crystallization followed approximately the line A-D, in the central part E-G,
and in the east-central part H-I. The temperature range in all parts of the
area may have been much the same, but the pressures may have differed to
some extents. As the structures and textures show that in general the rocks
in the eastern part are less intensely folded and deformed than those in the
western part, these pressures may have been directed instead of hydrostatic
ones.

CHEMICAL COMPOSITION AND EQUILIBRIUM DIAGRAMS

Thirteen new chemical analyses of various layers of the Wallace forma-
tion in the PT-field of the epidote-amphibolite facies are shown in Table 1.
The cation percentages and molecular norms were calculated according to
the method proposed by Barth (1952) and Eskola (1954). The molecular
modes were calculated from the molecular norms as follows: for biotite and
hornblende the formulas worked out on the basis of optical properties,
Winchell’s tables, and available analyses were used. The amount of each
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Fig. 4. ACF-diagram (plotted in terms of molecular percent) for the rocks metamor-
phosed to the epidote-amphibolite facies. The plotted points refer to the following ana-
lyses and mineral assemblages (Table 1):

1558. (Biotite)-chlorite-muscovite-albite-quartz.

1615. Kyanite-almandite-biotite-muscovite-plagioclase (An,,)-quartz.
1613. Kyanite-almandite-biotite-muscovite-plagioclase (An,,)-quartz.
1023. Almandite-biotite-muscovite-quartz (Hietanen, in press, B).

1579. Kyanite-almandite-staurolite-biotite-muscovite-albite (Ang)-quartz.
1578. Biotite-zoisite-clinozoisite-microcline-plagioclase (Ang,)-quartz.
1908. Biotite-muscovite-zoisite-microcline-albite (An,,)-quartz.

1906. Biotite-muscovite-zoisite-microcline-albite (Ang)-quartz.

1580. Biotite-muscovite-zoisite-plagioclase (An,g)-quartz.

1527. Hornblende-biotite-chlorite-microcline-zoisite-plagioclase (Angg)-quartz.
1915. Hornblende-microcline-epidote-scapolite (Me,q)-quartz.

1541. Diopside-(biotite)-tremolite-microcline-plagioclase (Ang,)-quartz.

accessory — sphene, ilmenite, and magnetite, was estimated in the thin sections
and checked against the analyses. Where only one iron-magnesium mineral
was present, all the magnesium, and the iron that remained after subtract-
ing the part contained in ilmenite and magnetite, was allotted to this min-
eral. All sodium was assigned to albite, and the amount of anorthite was
calculated from this and from the anorthite content of plagioclase as deter-
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Fig. 5. ACF-diagram (plotted in terms of molecular percent) for the rocks of the
amphibolite facies. The analyses points and mineral assemblages are as follows:

247. Sillimanite-almandite-biotite-muscovite-quartz.

246. Sillimanite-almandite-biotite-muscovite-plagioclase (An,,)-quartz.

1690. Sillimanite-almandite-biotite-muscovite-orthoclase-plagioclase (An,q)-quartz.

912. Kyanite-andalusite-sillimanite-cordierite-biotite-plagioclase (An,,)-quartz (Hietanen, 1956).

967. Kyanite-andalusite-sillimanite-cordierite-biotite-plagioclase (An,,)-quartz.

954. Kyanite-andalusite-sillimanite-biotite-(orthoclase)-plagioclase (Angg)-quartz.

813. Garnet-kyanite-sillimanite-gedrite-biotite-plagioclase (An,,)-quartz (Hietanen, 1959).

147. Biotite-muscovite-microcline-plagioclase (An,,)-quartz.

248. Biotite-muscovite-microcline-plagioclase (Ang;)-quartz.

1495. Biotite-orthoclase-plagioclase (An,,)-quartz.

146. Biotite-epidote-microcline-plagioclase (An,,)-quartz.

252. Biotite-muscovite-microcline-plagioclase (Ang)-quartz.

106. Hornblende-microcline-plagioclase (An,,)-quartz.

145. Hornblende-biotite-epidote-microcline-plagioclase (An,,)-quartz.

360. Garnet-hornblende-biotite-plagioclase (Ang)-quartz.

1321. Garnet-hornblende-epidote-plagioclase (Anyg)-quartz.

963. Garnet-hornblende-plagioclase (Ang,)-quartz.

1306. Tremolitic hornblende-plagioclase (An,,)-quartz.

109. Diopside-epidote-plagioclase (Angg)-quartz.

289. Diopside-plagioclase (Angg)-quartz.

1308. Diopside-plagioclase (Angg)-quartz.

1234. Diopside-calcite-orthoclase-plagioclase (An,,)-(scapolite Megy)-quartz.

1260. Diopside-biotite-epidote-microcline-plagioclase (Ang,)-quartz (Table 1).

1262. Diopside-(biotite)-microcline-plagioclase (An;g)-scapolite (Me;;)-quartz (Table 1).

Nos. 247, 246, 147, 248, 146, 252, 106, 145, 360, 109, 289 are from Hietanen (in press, A);
Nos. 1690, 967, 954, 1495, 1321, 963, 1306, 1308, 1234 are from Hietanen (in press, B). Crosses
refer to analyzed minerals.
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mined in the thin section. Potassium and the aluminium not contained in
plagioclase were divided between micas and microcline in the way proposed
by Barth (1959, p. 139) for calculating the standard minerals of mesonorms.
This method was also used to divide calcium between scapolite, plagioclase,
and diopside, and for dividing iron and magnesium between hornblende,
diopside, and biotite in the gneissic layers and between garnet and biotite
in the schist.

The analyses of rocks and minerals used in the calculation of molecular
modes have been plotted on an ACF diagram (Fig. 4). Lines connecting these
minerals divide the ACF triangle into sub-triangles. The minerals at the
corners of each sub-triangle crystallize in stable equilibrium in rocks that
plot within the sub-triangle. For instance, the rocks that plot in the kyanite-
almandite-anorthite triangle contain kyanite and staurolite or a large amount
of muscovite. Such rocks have the mineral assemblages of the pelitic schists.
The analyses of the quartzo-feldspathic layers plot within the anorthite-
almandite-biotite triangle, those of the hornblende gneisses within the biotite-
hornblende-anorthite (zoisite) triangle, and those of the diopside-bearing
gneisses within the tremolite-diopside-anorthite triangle. The mineral
assemblages of the analyzed samples, as listed under the ACF diagram and
in Table 1, and the position of the analyses points in the ACF diagram, indi-
cate that stable equilibrium was probably attained during the recrystalliz-
ation.

For comparison the analyses of rocks of the amphibolite facies, described
earlier (Hietanen, in press), have also been plotted on an ACF diagram (Fig. 5).
Sillimanite instead of kyanite appears in the A corner, and cordierite crystallizes
with it. The mineral assemblages listed under Figure 5, and the position of
the corresponding points, indicate that equilibrium also was generally reached
in the zone next to the batholith.

TEMPERATURE AND PRESSURE DURING RECRYSTALLIZATION

All the stability curves shown in Figure 3 are hypothetical, but they show
the relations as well as they can be deduced from our present theoretical
knowledge and the field evidence. Experimental work as well as geologic
thermometers should be used to establish the true position and shape of the
curves. Because the stabilities of many minerals are influenced by the pre-
sence or absence of water or carbon dioxide, and even by some trace elements,
the shape and position of the curves may change considerably from place to
place. This is well demonstrated, for instance, by the shift of the curves for
staurolite and cordierite (compare Francis, 1956). The temperature of the
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triple point for andalusite, kyanite, and sillimanite can be estimated to lie at
various points between 400° and 600° C, depending on what indirect labor-
atory and field evidence is used. Crystallization proceeds, in most areas,
either from the andalusite field to the sillimanite field or from the kyanite
field to the sillimanite field. The inversion curves of Figure 3, if approxi-
mately correct, show that in such areas the border of the sillimanite fields is
reached at a higher temperature than that of the triple point. Thus the tem-
perature at the triple point should be the minimum for all recorded temper-
atures in which sillimanite is stable.

Crystallization of orthoclase Or,;Ab,, in some dikes near Boehls, where all
three aluminium silicates occur in the country rock, indicates, according to
Barth (1956), a temperature of about 420° C, and the occurrence of An; with
epidote in the anorthosite bodies gives, according to Ramberg’s curve (1949),
a temperature of 430° C. The recent work by Wyllie and Tuttle (1960) shows
that volatile materials and certain minor elements may considerably lower
the melting temperature of granite. In the light of their work it seems at
least reasonable to assume that the sillimanite-muscovite subfacies crystalliz-
ed at or below 570° C, or not much higher, for the rocks of this subfacies had
not generally begun to melt. This places the amphibolite facies in the tem-
perature range 500°—600° C, an estimate which is compatible with that made
by Engel and Engel (1958) for similar rocks of the Adirondack region. The
rocks that contain all three aluminium silicates are farther from the batho-
lith, and hence in a zone of lower temperature. Since cordierite and stauro-
lite are common constituents of aluminium-silicate-bearing rocks, the triple
point should lie within or close to the stability fields of these minerals. For
illustrative purposes the triple point was assumed to be near 500° C.

The pressure of recrystallization is more difficult to estimate than the
temperature. The experimental work on stability of muscovite by Yoder
and Eugster (1955) and on the wollastonite reaction by Harker and Tuttle
(1956) throws some light on this problem. If it be assumed that the water
pressure in the field of middle grades of metamorphism is equal to the load
pressure, the stability curve for muscovite and the minimum melting curve
for granite are about as shown in Figure 3. The minimum melting temper-
ature would be higher for quartz monzonite and for quartz diorite, which
are the two major rock types of the Idaho batholith, than it is for granite.
The stability curve for wollastonite is plotted for two pressures: Peog = Pload
and Pgoy = %% Pload. As muscovite is stable with sillimanite up to the con-
tact of the batholith and no wollastonite was formed, the melting curve for
the igneous rocks must intersect the muscovite and wollastonite curves at
lower pressures than prevailed near the contact of the batholith. If it be
assumed that the quartz monzonite started to melt between 750° and 800°C,
and that the carbon dioxide pressure was about half the load pressure, the
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wollastonite curve would intersect the melting curve of the igneous rocks at
pressures around 4 500 atm., and this suggests a still higher pressure for the
triple point of andalusite-kyanite-sillimanite. It was assumed, for illustra-
tive purposes, that the pressure at this point was about 5 000 atm.

CHANGES IN STRUCTURE OF THE BELT SERIES NEAR
THE BATHOLITH

In the area considered here, two or three sets of folds can be observed
at many single outcrops. In some places three or four sets of fold axes can
be identified. Two of these, trending northwestward and northeastward, are
parallel to the trends of the Jurassic folding, but the folding around the
eastward-plunging axes began much earlier, perhaps in Precambrian time,
and the folds were rejuvenated in Jurassic time. Lineation is well developed
along the flanks of the folds; it is always a wrinkling or micro folding around
a second fold axis.

In the course of the study of metamorphism it was observed that the
distribution of axial-plane cleavage in lithologically similar layers in all sets
of folds is closely connected with the peripheral distribution of the meta-
morphic facies around the batholith. In general the intensity of folding and
deformation increases toward the batholith. The style of folding for all sets
of folds, as well as the type of deformation, is uniform within each meta-
morphic zone but changes from one metamorphic zone to another. These
changes are shown mainly by the orientation of the micaceous minerals.

STYLE OF FOLDING IN VARIOUS METAMORPHIC ZONES

In the area about 40 to 60 km north of the batholith, where most of the
rocks of the Belt series were metamorphosed to the greenschist facies or to
the lower part of the epidote-amphibolite facies, the folds are large and open.
Their amplitudes (300 to 500 m) are much smaller than their wave lengths
(1 to 3 km). Gentle dips are common here, and a single formation is generally
exposed over wide areas, but asymmetric folds are also common, and over-
turning occurs in places. Near many fault zones, small overturned folds are
common and there is fracture cleavage parallel to the faults. The folds
between the faults have straight limbs and round but fairly sharp hinges.

The rocks in the middle zone, 15 to 40 km north of the batholith, where
the rocks were metamorphosed to the epidote-amphibolite facies and to the
lower subfacies of the amphibolite facies, the folding was more intense (Fig. 6).
The amplitudes of the folds are of the same order of magnitude as their wave
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Fig. 6. Schematic section showing changes in style of folding and distribution of meta-
morphic facies northwest of the Idaho batholith.

lengths, and many small folds occur along the flanks and crests of the large
folds. Small folds and wrinkles are commoner in the schist layers than in
the interbedded quartzitic and gneissic layers, where the folds have rather
round, smooth crests and troughs. Strong overturning occurs in places.

In the zone next to the batholith, and thus in the higher part of the
sillimanite-muscovite subfacies, the flanks of the isoclinal folds are parallel
and the amplitudes of the folds are much larger than their wave lengths.
Small folds are common along the flanks and crests of the large ones. Where
migmatitic veins abound, flow folds are typical. The bedding planes have
been contorted into intricate folds with sharply turned hinges, and veins,
stringers, and irregularly-shaped small masses of pegmatite are common.
The veins and stringers are invariably along the bedding, and the larger
masses favor the crests of the folds. Many pegmatitic veins are broken into
boudins, which indicates that they are older than the last phase of deform-
ation.

These various types of folds were formed around northeastward- as well
as northwestward-trending axes, and thus around the trends of the Jurassic
folding. In the southern and central parts of the area, folds around eastward-
trending axes show similar characteristics.

RELATIONS OF FOLIATION TO BEDDING

In the greenschist facies, where tiny flakes of muscovite and chlorite were
crystallized between more or less equant grains of quartz, feldspars, and
calcite, the bedding is not clearly discernible; in many places, where shearing
was strong and mica flakes lie parallel to the cleavage (s,), the bedding is
obscure. The bedding is distinct where layers of quartzite alternate with
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pelitic or calcareous layers. Much of the low-grade schist shows only one s
plane, the cleavage, and in small outcrops it is impossible to tell whether
the bedding is parallel to it or not. Outcrops with distinct bedding are, how-
ever, numerous enough to provide adequate material for structural study.
Axial-plane cleavage is common in all micaceous beds that are as much as
2 or 3 cm thick. It is missing only in units that consist of thin competent
layers separated by paper-thin mica-rich laminae; in these units, the slip
occurred parallel to the bedding of the micaceous laminae.

A second cleavage, the fracture cleavage s, is common in many localities;
it may be parallel to the axial plane of a second, later set of folds or to local
faults. In places it was formed after the major period of folding, most likely
during the faulting.

In the rocks of the epidote-amphibolite facies and of the lower subtacies
of the amphibolite facies the bedding is much more distinet than in the rocks
of the greenschist facies. In the pelitic layers, it is generally made conspicuous
by distribution of such minerals as kyanite, andalusite, sillimanite, garnet,
staurolite, and large flakes of muscovite and biotite, and in the calcareous
layers by distribution of hornblende, tremolite-actinolite, and diopside. It
is also marked in this zone by alternation of white quartzite layers with dark
biotite-bearing layers, in which mica flakes, especially of biotite parallel to
the bedding are clearly visible. In many layers the foliation is less distinct
than the bedding. It can be detected, however, by a hand lens, because a
part or all of the mica flakes are parallel to it. The orientation or the folia-
tion in relation to the bedding varies.

In the thin-bedded rocks, where there is a large difference in the com-
petency of adjoining layers, only one s plane, the bedding, is discernible and
the folds were formed by flexural slip. In most of the rocks, however, espe-
cially in thick rather homogeneous and moderately micaceous layers, an
axial-plane foliation was developed and the folds were formed by slip along
these planes.

Studies of the orientation of micas in the Belt series show that where
thick homogeneous layers are interbedded with thin layers either of more
competent (quartz-rich) or less competent (micaceous) rocks, the mica flakes
in the laminae that separate the beds of different competency are alined
parallel to the bedding. The surfaces of these laminae resemble slickensides,
and clearly acted as slip surfaces during the folding. In the thick homogene-
ous moderately micaceous beds, micas are subparallel to the axial planes.

Orientation of mica flakes parallel to s; and s, in the alternating layers
that are rich either in micas or in quartz is common in biotite quartzite,
biotite gneiss, and quartz-rich schist. In many outcrops competent folded
layers, 2 to 10 cm thick, can be peeled off along the micaceous laminae that
parallel s;. In the material between these laminae, the mica flakes are orient-
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ed parallel to the axial planes. Thus both planes s, and s,, acted as slip
planes during the formation of folds.

In the schist units, where all beds contain 10 to 20 percent of micaceous
minerals, all the mica flakes are parallel to the axial planes and the folds
were formed by slip along s,. Many beds contain thin highly micaceous
laminae, but in these laminae the mica flakes lie parallel to s,, because there
is no appreciable difference in competency between these and the adjoining
slightly less micaceous layers. Where thin-bedded heterogeneous layers with
a considerable difference in competency between the individual beds are
interbedded with more homogeneous schist, bedding foliation occurs in the
former and axial-plane foliation in the latter. Slip was parallel to s, in the
heterogeneous layers and parallel to s, in the more homogeneous schist
layers. The distribution of axial-plane foliation in this zone is thus depend-
ent on the character of the material.

In the zone next to the batholith, where tight isoclinal folds are common,
the foliation is either parallel to the bedding or deviates from it by a small
angle, which rarely exceeds 15°. Where only the flanks of large folds are
exposed, the deviating foliation is probably parallel to the axial planes. But
folds completely exposed in a single outecrop, say 2 to 10 m wide, reveal an
unexpected relation. In the great majority of these the foliation is parallel
to the bedding not only along the flanks of the folds but also along their
crests; transecting foliation occurs only in some thick rather homogeneous
beds of schist. In some other schist layers, however, all the mica flakes are
parallel to a wrinkled bedding. These observations raise the following ques-
tion: was axial-plane foliation ever developed in these outcrops, or were the
micas reoriented during a later phase of deformation?

An answer to this question may be found by studying the lithologic
character of the rocks concerned in detail. One of the most striking features
is the occurrence of two types of pegmatitic veins in the zone next to the
batholith. One set of veins consists of quartz and plagioclase with very little
biotite; these veins occur always parallel to the bedding. The other set con-
tains also potassium feldspar and muscovite, cuts the metasedimentary rocks
and the first set of veins discordantly and are thus younger. It seems that
during an early phase of deformation bedding was emphasized by introduc-
tion and sweating out of pegmatitic material. The layers next to the peg-
matitic veins and stringers were enriched in micas and the strata became
distinctly layered, resembling in their heterogeneity, the thin-bedded gneis-
ses. As in the thin-bedded gneiss, the slip in the migmatites thus produced
always occurred along the bedding. Axial-plane cleavage was never devel-
oped in these parts of the strata.

In many outcrops in the zone adjoining the batholith, the bedding planes
are strongly folded and wrinkled and the mica flakes lie parallel to the bed-
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ding even though no pegmatitic material occurs along it. The mica flakes are
large, many as much as 1 to 5 mm in diameter, and are crystallized in paper-
thin laminae that separate layers, 1 to 2 mm thick, of quartz-plagioclase
rock. In these rocks the distinct lamination made the bedding an excellent
slip surface.

COMPARISON WITH OTHER AREAS

The style of folding in the zone next to the batholith is similar to that
found in many areas of migmatized rocks. Here, however, the orientation
of the pegmatitic veins and stringers is invariably parallel to the bedding,
rather than to both the axial-plane foliation and bedding as is common, for
example, in the Precambrian migmatites studied by the author in Finland
(Hietanen, 1943, p. 95). It has been pointed out by many investigators (e. g.
Wegman, 1953, and Kranck, 1957) that the migmatization in Finland was
superimposed on rocks that had already been strongly deformed. The axial-
plane cleavage was probably formed during this earlier deformation, and
the migmatitic veins were emplaced or sweated out parallel to pre-existing
s-planes.

The occurrence of the pegmatitic veins and stringers parallel to the bed-
ding in the migmatized schist north of the Idaho batholith suggests that the
bedding was a prominent s-plane, if not the only one, during the migmatiz-
ation. The boudinaging of many veins shows that these veins were formed
at any early stage of deformation. It is therefore concluded that axial-plane
foliation was never developed in those migmatized rocks in which it is now
missing. The bedding in these rocks was intensified by introduction or sweat-
ing out of pegmatitic material along the bedding, and the strata were folded
by flexural slip in much the same way as the thin-bedded gneiss with mica-
rich laminae. The rigidity of all layers was diminished during the preceding
deformation, especially in those parts of the strata where abundant peg-
matitic material was introduced, and the flow folds formed are similar to
those generally found in highly migmatized rocks.

The migmatization which occurred at any early stage of the major de-
formation, in Jurassic time, is obviously older than the intrusive rocks of
the Early Cretaceous batholith. A later potassium-rich group of pegmatitic
veins and dikes, many of which cut the bedding, were introduced in connec-
tion with the intrusion of the quartz monzonite batholith.

CONCLUSIONS

In the area studied the grade of metamorphism increases toward the Idaho
batholith, passing from a lower subfacies of the epidote-amphibolite facies
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to the sillimanite-muscovite subfacies of the amphibolite facies. Differences
in the course of recrystallization during the metamorphism can be observed
in the eastern, central, and western parts of the mapped area. In the eastern-
most part of the area, where the rocks of the Belt series are gently folded,
the trend of recrystallization can be seen, when formations are followed
southwestward, to pass from the andalusite-staurolite field through the an-
dalusite-cordierite field to the sillimanite-muscovite field. The occurrence of
andalusite instead of kyanite indicates lower pressures. In the north-central
part of the area, kyanite, andalusite, and sillimanite are found together and
are accompanied by either staurolite or cordierite. ~Thus the path of re-
crystallization passes here through the triple point of andalusite, kyanite,
and sillimanite, and both staurolite and cordierite are found with all three
aluminium silicates. In the western part of the area, where folding was more
intense, the mineral assemblages indicate higher pressures during the re-
crystallization. The path of recrystallization crosses from the staurolite-
kyanite field through the kyanite field to the sillimanite-muscovite field.

The inversion curves of the three aluminium silicates and the stability
curves of other index mineral divide the PT-field into sub-fields each of
which can be considered to represent a subfacies. The staurolite zone, for
instance, is subdivided into staurolite-kyanite and andalusite-staurolite sub-
facies, both of which may cover approximately the same temperature range
but differ considerably in the range of pressure. In the amphibolite facies
also the conditions under which the three lower-temperature subfacies
— the kyanite-almandite, the sillimanite-muscovite, and the andalusite-
cordierite subfacies — were formed, are believed to have differed mainly in
regard to pressure. The higher-temperature subfacies, in which orthoclase
and sillimanite would crystallize instead of muscovite and sillimanite, was
not reached in this area, nor was wollastonite found in any of the samples.

Intensity of deformation as well as of metamorphism increases toward
the batholith, and the style of folding changes. At distances of 20 to 40 km
from the batholith, axial-plane foliation is well developed in the moderately
micaceous, fairly homogeneous layers of the greenschist and epidote-amphi-
bolite facies, and of the lower part of the amphibolite facies. It is lacking
in the thin-bedded layers where mica-rich laminae alternate with more com-
petent layers that contain only a moderate amount of mica. Slip was parallel
to the bedding along the highly micaceous laminae, while the intervening
layers yielded by slip along the axial planes. The orientation of micaceous
minerals parallel to slippage planes indicates that the rocks recrystallized
while they were being deformed.

In the highly metamorphosed zone near the batholith, axial-plane folia-
tion becomes rare. In this zone, pegmatitic veins and stringers and a coarse
lamination have intensified the original compositional layering, and folds
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were formed by bending of the layers and by slip along them. As the rigidity
of all layers were reduced near the batholith, these folds are typical flow
folds, similar to those generally found in highly migmatized rocks.

The gradual changes in style of folding and deformation in the successive
zones of metamorphism north of the Idaho batholith are similar to those
found elsewhere in more extensive areas of regional metamorphism, and on
a still larger scale at successively deeper levels in the earth’s crust.
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BEDDING SLIPS, WEDGES, AND FOLDING IN LAYERED
SEQUENCES 1
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ABSTRACT

Relative movements parallel to bedding in layered sequences are difficult to re-
cognize. Relative displacements and sense of motion can be determined where low angle
shear planes cut competent beds into wedges which are then telescoped. Where ob-
served these values were found to exceed slippage due to bending in flexure folds. It
is therefore assumed that bedding slippage may precede folding because it is uniform
over larger areas. A regional study of these phenomena is in progress in the Appalachian
area.
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INTRODUCTION

Displacements on faulus are easily determined if the fault cuts across key
beds, dikes, contacts, or any other structures at fairly large angles. Field
mapping also proves faults and stratigraphic correlations may indicate
sthrows.» If the dislocation is parallel to beds, however, it becomes difficult
or impossible to detect displacements.

Layers commonly move over each other and such displacements are
frequently mentioned but rarely measured. The movement is described in
textbooks and is necessary when layered rock sequences are bent into folds.
Most descriptions show anticlines in which the relative motion of higher beds
is toward the crest on both limbs (Billings, 1954, p. 89).

Measurements of such displacements have been attempted where joints,
quartz veins, or similar indicators are available (Hans Cloos, 1948).

In this paper I will try to show that relative movements parallel bedding
may be of very much larger orders of magnitude than they should be if they
could be attributed to the fold in whose limb they are found. If such move-
ments are properly recognized they can be used in the analyses of folds in
a similar manner as drag folds, cleavage, and bedding. They may also lead
to some significant conclusions with respect to the folding mechanics of
folded belts.

The material for this paper has been collected during many years as a
byproduct of other field work.

FIELD OBSERVATIONS

In many well-bedded formations such as the Devonian Catskill, and
Jennings, or the Silurian Wills Creek, fractures occur at angles of from 7 to
15 degrees to the bedding planes. They may be closely spaced or many feet
apart. They only appear in relatively competent beds between incompetent
ones, for instance, in sandstone between shales, harder shale between softer
shales, or limestone beds between shales. The competent layer may be a
few centimeters or 2 to 3 meters thick or more. Many such fractures have
become thrusts with displacements of from 5 centimeters to more than 100
meters.

Figure 1 shows such a small fault in Cretaceous limestone, interbedded
with shale at the Val de Fier, S.W. of Geneva, Switzerland. The displace-
ment is about 24 cm. The effect on the limestone bed is a slight thickening
at that portion of the section.

Figure 2 also shows a simple wedge in a sandstone bed (»B») in the Si-
lurian of Maryland. The displacement is about 30 cm. The top and bottom
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Fig. 1. Small low-angle (16°) reverse fault divides limestone
bed into 2 wedges. Displacement 25 cm. Val de Fir SW
Geneva (Switzerld.).
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Fig. 2. Sandstone bed cut by low angle fracture with displacement of about
30 cm. Bloomsburg fm. (Silurian) Western, Md. Railroad cut opposite Great
Cacapon, West Virginia.

wedges have been bent and the contacts are smooth. The wedging is visible
only as displacement within the competent bed, a thickening of that bed
and a fracture along which displacement took place. The fracture does not
continue into shale beds A and C but continues along the contacts of bed B.

Figure 3 is in the left limb of an anticline. Beds A and C are red shales
with strong fracture cleavage normal to bedding. A yellow-weathering
coarsely bedded sandstone layer is 150 cm thick and faulted along a low-
angle thrust fault with about 90 cm displacement. The left side moved into
the bedding plane between B and C, the right side moved into the bedding
plane between A and B. The distance x-y has been shortened and the thrust
was gently folded. Also — the bed is thickened in the center.
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Fig. 3. Sandstone bed 150 cm thick with bent thrust surface and curved edges between red
shales. Bloomsburg fm. (Silurian), same loc. as Figure 2.

Fig. 4. Photograph of wedges in Figure 3.
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extension on
bouvdinage

Fig. 5. Schematic fold showing boudinage (right) and wedging
(left).

Fig. 6. Wedges in curved sandstone
layer. Note also cleavage below
sandstone bed B.

The arrows near x and y indicate the obvious relative displacement
within the sandstone layer. Since the anticline is to the right the upper beds
should move up and to the right relative to the lower ones if the displace-
ment were due to bending of layers in folding. The principle is demonstrat-
ed in Figure 5. Where the movement is opposite to that of boudinage which
serves to extend a competent bed between incompetent ones (see Figure 5
right limb). The displacement is probably due to a uniform regional bedding
plane slip as discussed below.
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Fig. 9. Telescoped sandstone beds with tension joints which
may lead to boudinage. A larger thrust begins to form and
shale is crenulated next to it. Total effect about 3 meters.

Fig. 10. 3 large wedges of one sandstone layer telescoped in shale. Devonian, Schuld a.d. Ahr,
Germany. Total effect at least 8—10 m.

Figure 4 is a photograph of the bed drawn in Figure 3.

Figure 6 shows a similar situation to that of Figure 3. The crest of the
anticline is to the left, the upper beds should move upward and toward the
crest relative to the lower ones. In bed B a low angle fracture is a move-
ment plane and served the same purpose as the bedding planes; the sense
of displacement is the same as in the bedding surfaces.

Thinner sandstone beds show larger displacements and a very common
telescoping effect due to movement parallel to the bedding. If the two
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Fig. 11. Wedging in Bloomsburg shale, W. Md. R. R. opposite Great Cacapon. Shale and siltstone
layers are repeated by thrusting and wedging. Anticline to left, movement essentially exaggerates
bedding slip.

pointed endings of the sandstone bed in Figure 7 are moved into their original
position considerable displacement must have moved the sandstone bed into
its present position.

Similar telescoping can be seen in sandstone layers of the Chemung in
Figure 8 A. The total reduction is at least 120 cm. In Figure 8 B two sand-
stone beds were telescoped an equal amount which may amount to 5 meters.
A larger reduction occurs in Figure 9. The sandstone bed is here resolved
into disconnected lenses which are stacked above each other. A small thrust
has begun to form and the shale above the top lense is crenulated and a
cleavage appears in the most intensely compressed shale area.

Figure 10 illustrates the wedging on a still larger scale. The height of
the drawing is about 7 meters. One sandstone bed has been sheared into
wedges and then telescoped. During the process the sandstone has thinned
and thickened. The cumulative displacement must exceed 10 meters but
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Fig. 12. Sandstone bed telescoped in green shale. Movement from right to left far in

excess of bedding slip normal in this anticline. Bloomsburg formation, Round Top Section,

Md. (See also E. Cloos, 1951, p. 157. By permission of Dept. Geol. Mines and Water
Resources, State of Md.).

the relative displacement within the beds to the right and left must have
been much larger.

Figure 11 is a drawing of a portion of the Round Top section in Maryland.
A number of beds have been sliced into wedges and telescoped. Between two
blocks are two wedges which consist of only portions of the section. Beds 2
and 3 have been affected between beds 1 and 4. Bed 3 can be reconstructed
and placed end to end. The displacement is of the order of 150 or 180 me-
ters: a syncline is to the right and an anticline to the left. The thickness of
the beds is much too small to cause such large displacements along wedges
or bedding planes only due to folding of that anticline. The relative mo-
tions indicated by the telescoped beds must be due to more extensive
movements.

Wedging and telescoping parallel to bedding has reached still larger pro-
portions in Figures 12 and 13. The two Figures show the north and south
sides of a fold in the Round Top railroad cut in Maryland. A sandstone
layer ss is over- and underlain by soft greenish shale. In the crest of the
fold the layer is doubled and it has been thrust into the crest on two reverse
faults. In the east limb the layer is also telescoped and portions of it are
much distorted, rolled into pebble-like bodies or small folds. The shale below

15 2192—61
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Fig. 13. Same sandstone bed and same structure but opposite side of Railroad cut.
Movement from left to right.

the sandstone shows a very distinct cleavage which seems to indicate motion
from east to west in the same sense as the sandstone telescoping.

On the other side of the same railroad cut (Figure 13) the details differ
somewhat from those in Figure 12 but not fundamentally. The sandstone is
also telescoped between shale layers, the motion is from east to west as
indicated in the cleavage in the shale below the sandstone bed.

Above and below the key beds are hard red siltstones with a very promi-
nent fracture cleavage. The lower shale is barely bent into a smooth and
continuous anticline. The upper shale is also arched up but transected by
small faults.

The fracture cleavage is fan cleavage and remains consistently normal to
bedding in the two massive layers.

The displacement as shown by the telescoping of the sandstone bed and
the cleavage in the shale below exceeds by far the amount which could be
due to the anticlinal bend.

The overriding of two anticlines shown in Figure 14 is also due to
wedging and slip on bedding planes. The movement plane is slickensided
and coated with calcite 1/ inch thick in several layers. The siltstones above
possess closely-spaced fracture cleavage almost normal to bedding. The dis-
placements cannot be related to the anticline of the illustration but must
be due to displacements of a much larger order of magnitude.
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Fig. 14. Wedging on a larger scale. Beds A and B have been thrust over C. In this process
a movement surface followed bedding below B, then cut across and continued below A. Bed
B is missing on the left side (see also E. Cloos, 1951, p. 154).

Examples of wedges of all magnitudes have been observed at innumer-
able places in bedded and non-crystalline rocks of the Appalachians, Va-
riscians, the Jura, and the Alps. Wedging is very common.

ORDERS OF MAGNITUDE OF MOVEMENTS

Busk (1929, p. 10) shows that the displacement on bedding planes due
to concentric folding depends on the thickness of the affected beds. His
figure 10 is here reproduced for convenience as figure 15. If a bed is bent
isoclinally through an angle of 180 degrees and the motion has evenly affect-
ed both limbs, the displacement y and thickness x are related as follows:

y=Tlenmx

This means that the slip between beds in a concentric fold is approximately
1.6 times the thickness of the bed. Since many folds are not isoclinal in
Appalachian type terraines this value is a maximum. If the measurable dis-
placement is below this value it may be due to the bending of strata. If
the value is greater other movements must have occurred, probably prior
to the bending in the fold.
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Fig. 15. Amount of displacement in a concentric fold after
- Busk (1929, p. 10).

The displacement in Figures 1, 2, 3 and 6 could be the function of bend-
ing in folds. In Figure 7 the displacement is 7 times the thickness of the
sandstone bed; in Figure 8 more than 10 times. In Figure 9 the minimal dis-
placement is 21 times the thickness and in Figure 12 at least 43 times. Addit-
ional considerable movement must therefore be responsible for the wedging
and telescoping of beds in these examples.

In addition, the displacement shown is only a minimum of the probable
motion that has taken place because much flowage may occur before tele-
scoping takes place.

It seems evident that considerable displacements have occurred which
cannot be derived from the folding process.

TIME OF DISPLACEMENTS

Wedging and telescoping of beds takes place prior to folding. This can-
not be proven if exposures are small and scattered but both limbs of folds
must be visible, or a systematic regional survey must show uniform displace-
ments on either limb of folds. If the movement is in the same direction in
both limbs, or in several folds, it can be safely assumed that slippage pre-
ceded folding.

Figures 12 and 13 show two views of one fold at Round Top, Maryland.
The movement is from east to west. In Figure 12 telescoping of the sandstone
bed moves up the anticline from the right and across its crest. Figure 11
shows the east limb of an anticline and the movement is up the limb and to
the west, and in Figure 14 the motion is also to the west and across the crest
of an anticline. Since Figures 12, 13, and 14 are in the Silurian of Maryland
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and not more than about 10 kilometers apart it seems that the movement
direction is uniform at least for these formations and in a small area.

The displacement shown in Figure 3 may be understood also as a westward
component — down the west limb of an anticline. The locality is about 1—14,
km from that shown in Figure 14. The displacement should be in the oppo-
site sense if it were due to folding.

The slippage may be dated more accurately by systematic observations
over larger areas and in completely exposed folds where both limbs can be
seen.

In Figures 12 and 13 more telescoping has occurred on the east limbs of
the fold and the accumulation of sandstone layers may be related to the
fold — either as an initial thickening which resulted in an anticlinal structure
at a place where later folding emphasized the thickening, or as slippage on
a gently undulating and slightly folded surface which served as an obstruc-
tion where beds telescoped more readily. In either case it would seem that
slippage and folding were not separated by a large time interval.

EXPERIMENTAL WEDGES

Along the boundary zone between two blocks that move past each other
two shear planes and one set of tension fractures may occur. Both of these
are well known and have been produced experimentally many times. They
are shown in textbooks such as de Sitter (1956, p. 172), or Billings (1954,
p- 104) and I have pictured them in 1955, pl. 3, in a discussion of faulting.

Wedging is due to the intersection of the low angle shear plane (Cloos,
1955, plate 3) with a bedding plane or other plane of separation which need
not be primary but can also be an earlier shear plane (see Figure 19 and de
Sitter, 1956, Figures 72, 87, 124). Wedges are easily produced experiment-
ally.

Several experiments were performed using two layers of wet clay of the
consistency of soft and harder putty. A clay model about 50 cm long, 15 cm
wide, and 7—10 cm high was built. The surface was covered by wire netting
(window screening or slightly larger) and the wire was used to pull the clay
in the direction of the long axis of the model. The motion has to be very
slow at a rate of not more than about 1 cm per hour.

Figure 16 is the side view of such an experiment. The top layer was
pulled to the left and one wedge is seen in the center of the photograph.
Figure 17 shows the side view of an experiment with 3 layers of clay consist-
ing of a soft center layer and two harder ones above and below. The wedges
formed very readily in the soft clay. The direction of movement is shown
in the displacement of a vertical row of dots above the right edge of the scale.
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Fig. 16. Wedges in experiment with two clay layers.
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Fig. 17. Wedges in experiment with 3 layers of soft clay. Displacement is indicated by
vertical rows of dots above right end of scale.

Wedges in folds are easily reproduced also in wet either layered or un-
layered clay. Figure 18 shows wedges in an anticline which consist of 4 layers
of slightly differing clay. If compression is applied and the layers are bent
slippage on the bedding plane results in wedging.

But the clay need not be layered. If it is not surfaces are formed about
where bedding planes would be (see de Sitter, 1956, p. 74 and 100). From
then on the model is layered and displacements of the layers result in wedg-
ing as shown in Figures 19 and 20.

Figures 18, 19, and 20 demonstrate that wedging which is only due to
folding must occur on the limbs of the folds and cannot appear in the crest
of anticlines.
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Fig. 18. Wedges in left limb of anticline with 3 layers of clay. High angle shear plane is
also visible near anticlinal crest.
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Fig. 19. »Concentric joints» (de Sitter, 1956) in clay experiment. Soon after formation of
concentric joints they take the place of bedding planes and wedges form as seen in Figure 20.
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Fig. 20. Wedges in experiment of Figure 19 at a later stage; formed only in limbs of folds.

BROADER APPLICATIONS

Bedding plane movements have been mentioned frequently but I do not
know that their significance has been realized often or that they were ever
measured or mapped systematically. Simple, readily observable criteria are
generally lacking.

The observation of wedging in sedimentary sequences is similar to that
of boudinage which indicates extension and is explained as a function of
folding.

Unfortunately I have as yet not been able to map wedges systematically
in the Appalachian area where they are common. I have seen them in the
Variscian, the Jura, the Caledonian and elsewhere. In the Alps they occur
but may not be as significant.

The few measurements in Maryland suggest a uniform westward slip
within the Silurian Bloomsburg formation. The displacement exceeds by far
the slippage due to folding and may amount to several hundred feet or more.
It is quite well possible that the movements are significant and if plotted
on maps would show that during an early phase of deformation slippage
preceded folding. The areas affected are many times the size of single folds.
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Systematic mapping of such displacements will; we hope, permit the con-
struction of maps which show bedding slips for formations in which wedg-
ing is common.

DISCUSSION

Wedging, telescoping of beds and bedding slips are most frequently seen
where anticlines are exposed. This may be due to a number of factors: either
that anticlines always attract a geologists attention if completely exposed or
a connection between anticlines and wedging exists. But since wedging can-
not alone be due to folding, anticlines may have formed where wedging has
caused thickening of beds. This seems quite possible in Figures 12, 13, and
14. If some slippage has occurred at the beginning of the folding process,
wedging may have thickened some areas and anticlines be located at such
points.

The fold shown in Figures 17, 18, and 19 was prepared on a thin sheet of
aluminium. When compression was applied on both ends the available power
was not sufficient to produce an anticline as long as the metal sheet remain-
ed flat on the table. Only after a thin trowel was inserted below the alu-
minium sheet did an anticline rise and hardly any power was necessary to
keep the fold moving. It would therefore be reasonable to think that wedg-
ing may have a triggering effect in the location of folds. A systematic study
of wedges and folds may furnish an answer to the question why anticlines
or more generally folds occur just where we find them.

CONCLUSION

Bedding plane slippage is of orders of magnitude which cannot be derived
from folding only. Regional components must have been operative at an
early stage, either before folding occurred or during its beginning. System-
atic regional mapping of slippage through observation of wedges and tele-
scoped beds may well furnish data on the early stages of the folding process
and its causes. It would seem highly improbable that wedges could form by
horizontal compression without the formation of folds. They may be due to
gravity gliding just prior ta folding.

A systematic study of wedges and telescoped beds may be a very reward-
ing project.

16 2192—61
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ABSTRACT

Radiochronological determinations have given about the same age values for the
Carelides and the Svecofennides. Some authors have therefore proposed to strike off
these names, and to combine the two orogenic zones into one. The present notice
shows that there are fundamental structural and evolutionary differences between
the two, which give each of them their own individualities: hence separate names
are justified. The two fold-belts represent different types in the vast series of base-
ment chains. Deductions from radiochronological determinations need to be con-
fronted with the evidence based on geological fieldwork and tectonic analysis.
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EINLEITUNG

In den letzten Jahren wurden, ausgehend von einigen absoluten Alters-
bestimmungen, allerlei Theorien iiber die Svecofenniden und Kareliden
gedussert. Es scheint, dass dabei hauptsichlich petrographische Gesichts-
punkte und chronologische Angaben ohne vertiefte Beriicksichtigung der
Grundlagen als Ausgangspunkte dienten. Es ist interessant festzustellen,
dass diejenigen Gesichtspunkte, die sich aus der geometrisch-kinematischen
Analyse ergeben, kaum erwiahnt wurden. Dies ist umso erstaunlicher, als
man erwarten konnte, dass bei der Ausarbeitung solcher, auf die Chronologie
sich stiitzender Theorien die Besinnung auf die raumzeitlichen Verhéiltnisse
der Bauformen und Ereignisse in den Vordergrund zu treten hitte. Es
wiren dabei die Ergebnisse der Forschungen zu beriicksichtigen, die sich
die Aufgabe gestellt haben, die Entwicklung der Formen verschiedener
Grossenordnungen in Zeit und Raum zu bestimmen. Die Griinde dafiir
mogen dahingestellt bleiben. Sie werden demjenigen, der einmal die Ent-
wicklung des Bewusstwerdens der Probleme untersuchen wird, ein interes-
santes Kapitel liefern; denn es ist immerhin eigentiimlich, dass dort, wo es
am ergebnisreichsten wire, in Zeit und Raum zu denken, diese Betrachtungs-
weise so sparlich angewendet wird.

Es sei hier nicht auf die kritische Analyse der Altersbestimmungen
eingegangen. Wer die Literatur iiber den Gegenstand kennt, weiss, dass die
rohen Ergebnisse oft recht vieldeutig sein konnen, und ohne stratigraphische
und tektonische Analyse nur mit Vorsicht gehandhabt werden sollten. Fiir
das vorliegende Problem hat Edelman (1960) bereits auf wichtige Fragen
hingewiesen. Auch die grundsitzlichen Darlegungen iiber die Altersbestim-
mungen an Gesteinen jiingerer Kettengebirge, namentlich durch Roques
und durch Faul, wiren zu beriicksichtigen.

In diesen Zeilen soll hauptsichlich auf die F r a g e eingegangen werden,
ob es ratsam sei, die Svecofenniden und die Kare-
liden zusammenzuwerfen, ohne die baulichen Un-
terschiede zu beriicksichtigen.

Es war uns seinerzeit moglich, eine Reihe geometrisch-kinematischer
Analysen in Siidfinnland, Ostfinnland und Nordfinnland durchzufiihren.
Diese Analysen erlaubten fiir gewisse typische Gebiete, die Erscheinungen
in Zeit und Raum zu ordnen. Dabei wurden nicht rur die Erscheinungen
einer einzigen Grossenordnung herausgefiltert, sondern es wurde versucht,
die verschiedenen Groéssenordnungen zu beriicksichtigen und zu erfassen.
Es wurde also nicht nur ein kleiner Spalt aus dem Spektrum der Grossen-
ordnungen herausgeblendet, wie das z.B. meist bei den petrographischen
und petrochemischen Untersuchungen geschieht, bei denen die Verhéltnisse
einer oder zwei Grossenordnungen, der chemischen Elemente und der Mine-
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ralien, beriicksichtigt werden, sondern es wurde versucht, von der Gesteins-
probe bis zu den Erscheinungen im Kilometermasstab Beobachtungen zu
sammeln und diese zu koordinieren. Diese Verfahrensweise hat gewisse
Vorteile, welche die Miihe reichlich lohnen, die durch die Anwendung ganz
verschiedener Arbeitsmethoden, entsprechend den verschiedenen Grossen-
ordnungen, entstehen. Es ist natiirlich leichter, einen Spalt aus dem Spekt-
rum der Grossenordnungen herauszublenden und die dabei gewonnenen,
notwendigerweise beschrinkten Ergebnisse nachher durch allerlei frei
gestaltete Hypothesen zu vervollstindigen. Bei petrochemischen Unter-
suchungen z.B. hat man die Gesteinstypen nach chemischen Gesichtspunkten
geordnet und mit Hilfe der Differentiationshypothese einen Ablauf konstrui-
ert. Dabei wurde oft nicht einmal versucht zu zeigen, ob die Gesteine einer
Serie angehoren und ob sie wirklich durch eine Differentiationserscheinung
mit einander verbunden sein kénnten. Diese Extrapolationen zeigen, dass
man nicht immer auf einfachste Weise von kleineren auf die grosseren
Masstédbe iibergehen kann. In vielen Fillen wire zuerst zu untersuchen, ob
die Hypothesen, nach denen solche Extrapolationen durchgefiihrt werden,
wirklich angewendet werden diirfen. So wurden auch, ausgehend von
petrochemischen Untersuchungen hie und da Aussagen iiber die Form der
Korper (Intrusionen) gemacht, wobei angenommen wurde, dass ein Gesteins-
typ nach dem anderen nach dem Schema abnehmender Basizitit, aus
unbekannter Tiefe emporgestiegen sei.

Durch die geometrisch-kinematische Analyse erst wird die Karte
zum Raumbilde. Seine Umrisse werden allerdings mit dem Abstande
von der Aufschlussfliche unbestimmter, wobei aber unterschieden werden
muss zwischen den numerischen Angaben und der funktionellen Rolle in
der Bauformel. Um ein so vollstidndiges Bild als moglich zu bekommen,
ist es daher nétig, namentlich auch die grossten Ziige herauszuarbeiten.
In diese sollten die Beobachtungen der niederen Grossenordnungen einge-
fiigt werden, um den Bewegungsmechanismus verstédndlich zu machen.

Die verschiedenen Ziige dieses Raumbildes kénnen in einander folgende
Ereignisgruppen aufgeteilt werden. Durch eine solche Aufteilung und die
Aufreihung der dadurch erhaltenen Bilder kann der Ablauf mit einem Mini-
mum an allgemeinen genetischen Hypothesen festgelegt werden. Diese
Bilder konnen, wie die Bilder eines Films, hinter einander aufgereiht werden.
Dadurch entsteht eine Chronologie, die zwar nicht absolut, aber
wenigstens relativ ist. Diese Verfahrensweise der hintereinander
gereihten Zustdnde hat den Vorteil, dass die Ereignisfolge sichtbar
wird, auch wenn sie nicht mit den geldufigen, aus vereinfachten Mechanismen
abgeleiteten Theorien iibereinstimmt. Solche Bilderfolgen kénnen im Gegen-
teil dazu anregen neue Erkldrungsmoglichkeiten zu finden, die ausserhalb
des Wegnetzes der gewohnten Theorien liegen. Werden in dieses Bild die
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Typen und Uberginge der Ablagerungs-, Umwandlungs- und Intrusionser-
scheinungen eingefiigt, so ergibt sich das Panorama eines farbenreichen
Geschehens.

In diesem Geschehen kann man zwei verschiedene Arten von Zeugnissen
unterscheiden: a) diejenigen, welche an der Oberfldche bei der
Aufbereitung, beim Transport und der Ablagerung der Sedimente und der
Zwischenlagerung vulkanischer Massen und ihrem Gefolge entstanden, und
b) die Ergebnisse der unterirdischen Entwicklung, bei der
das Vorhandene umgeformt, umgewandelt und teils in verschiedenen Grossen-
ordnungen entmischt, teils gemischt wurde und die entstandenen Produkte
mit anderen, teils endogenen Zuschiissen vermengt wurden.

In den jiingeren Gebirgsketten sind die Zeugnisse der ersten Art beson-
ders augenfillig; in den tieferen Teilen der Gebirgskérper und den tief
erodierten alten Kettengebirgen verschleiern die unterirdisch entstandenen
Erscheinungen oft die Geschichte der an der Oberfliche aufgeschiitteten
Baustoffe. Sie treten oft so stark in den Vordergrund, dass es nicht leicht
ist, zu den Zeugnissen der ersten Gruppe vorzudringen. Diese Ziige miissen
daher manchmal durch die Kombination verschiedener Untersuchungen
nach und nach sichtbar gemacht werden.

Wenn es gilt, die Frage zu beantworten, ob es niitzlich sei, zwei Deforma-
tionssegmente zusammenzuschlagen, oder als individuelle Einheiten zu
betrachten, sollte nicht ein auf chronologische Bestimmungen zusammen-
geschrumpftes Wissen, sondern eine moglichst allseitige Be-
trachtung zu Grunde gelegt werden.

Im Folgenden soll versucht werden, Kareliden und Svecofenniden unter
verschiedenen Gesichtspunkten zu vergleichen. Da das Gebiet ausserordent-
lich weit ist, kann dies nur in kurzen Andeutungen geschehen. Dabei werden
wir uns auf die in Finnland gelegenen Abschnitte beschrinken.

VERGLEICH ZWISCHEN KARELIDEN UND SVECOFENNIDEN

LAGE UND VERHALTNIS ZUR UMWELT

Ein erster wichtiger Unterschied liegt im Verhéltnis zur Umgebung.

Die Kareliden in Ostfinnland zeigen deutlich den R and
des Deformationssegmentes gegen den alten Sockel des V o r-
landes. Man sieht deutlich, wie der alte vorkarelidische Sockel, schon
zu jener Zeit bis zum Grundgebirgsstockwerk abgetragen, unter die Sedi-
mente des karelidischen Zyklus taucht. Dabei ist nicht nur am Kontakte,
infolge der Erosionsliicke, eine Diskordanz festzustellen, sondern die alten
und die neuen Formen haben ganz verschiedene Richtungen. In den Kare-
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liden kann man daher die Bauformen vom alpinotypen Rande her bis zu
den Stockwerken mit Grundgebirgscharakter verfolgen. Im Inneren, gegen
W, kann man nur eine geographisch-konventionelle, aber keine strukturelle
Grenze ziehen.

Ein ganz anderes Bild bieten die Svecofenniden. Sie zeigen
nirgends eine strukturelle Grenze, sondern sind nur durch
die spiteren Bedeckungen begrenzt. Im SE verschwinden sie am Rapakiwi-
massive von Viborg, weiter westlich tauchen sie unter die Ostsee und die
kambrischen Ablagerungen, ohne dass man Anzeichen einer strukturellen
Grenze bemerken wiirde. Im Norden kénnte man eine konventionelle Grenze
am Rande der Tamperezone ziehen. Sie wire aber keine wirkliche Be-
grenzung, da Gebilde, dhnlich den weiter siidlich gelegenen, auch weiter
nordlich auftreten, allerdings in verschwommenener Form. Der Aufschluss-
bereich der Svecofenniden in Finnland entspricht daher nicht einem Deforma-
tionssegment mit strukturellen Grenzen. Sie zeigen weder die Verbindung
mit dem Vor- noch mit dem Riicklande. Sie sind ein durch die Art der
Freilegung geographisch bedingtes Bruchstiick, ein Torso, der durch
seine innere Gestaltung und nicht durch seine dussere Begrenzung
charakterisiert wird, etwa in der Art der alten Massive Mitteleuropas.

Im mittleren Schweden liegen die Verhéltnisse anders. Die geometrischen
Formen, der Grenzzonen wurden aber bis jetzt nicht im Hinblick auf diese
Frage untersucht.

ZEUGNISSE ALTER OBERFLACHENBILDUNGEN

In den Kareliden liegen auf dem vorher tieferodierten Sockel
zuerst Quarzite, deren Zusammensetzung zeigt, dass sie umgelagert und
ausgereift wurden. Die hauptsdchlich dolomitischen Karbonatgesteine sind
ebenfalls charakteristisch fiir die Bedeckung eines alten Tafellandes. Die
Bildungen zeigen Ahnlichkeiten mit denjenigen der germanischen Trias,
die sich ja weit in die Westalpen hinein erstrecken. Sogar die Lettenkohle
findet ihr Analogen in den shungitischen Schichten. Erst in den méchtigen
Schieferbildungen beginnt der geosynklinale Einschlag. Wairen die Sul-
fiderze, wie es Borchert fiir Outokumpu annimmt, aus sedimentidren Aus-
fallungen mobilisiert worden, so hédtte man Becken mit Bodenbildungen
unter Sauerstoffabschluss anzunehmen. Die alten Sockelbedeckungen
getzen sich weit nach dem Inneren bis in die Gegend von Kuopio fort. Erst
iiber den Tafelbildungen setzen nach und nach die orogenen Ablagerungen
ein. Uber das Liefergebiet ist wenig bekannt. Es erscheint glaubhaft, dass
ein grosser Teil des Materials von Westen her geschiittet wurde. Jedenfalls
hatte der iltere Sockel schon vor der Ablagerung der jatulischen Quarzite
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Grundgebirgscharakter. Die Tiefenerosion des prikarelidischen
Sockels fillt also in eine weit friihere Zeit:

Michtige Sedimentpakete wurden in Ostfinnland von ihrer Unterlage
abgeschoren und nach vorne verfrachtet. Es ist daher nicht leicht, die
urspriingliche Stratigraphie herzustellen. '

Auch die Bildungen der Svecofenniden wurden sicher auf
einem alten Sockel abgelagert. Es war eines der Hauptanliegen J. J. Seder-
holm’s diesen Sockel zu finden. Es ist wahrscheinlich, dass in einer so stark
umgeformten und umgewandelten Zone nur wenige Reste von Diskordanzen
erhalten geblieben sind. Wo solche sichtbar sind, gehoren sie vielleicht
jiingeren Ereignissen an. Kinen guten Fingerzeig giben ausgedehnte Vor-
kommen von ausgereiften Deckgebirgsbildungen. Es gibt zwar mancherlei
Quarzite in den Svecofenniden aber nur wenige, die man als alte Tafel-
bildungen deuten konnte. Man konnte annehmen, dass sie in gewissen
Zonen der Granitisation zum Opfer gefallen seien, obwohl solche Quarzite
oft recht widerstandsfahig sind. Die Karbonatgesteine der Svecofenniden
zeigen eine ganz andere Fazies als diejenigen der Kareliden. Die Mehrzahl
von ihnen diirfte der Gruppe angehoren, die in Schweden als Leptitforma-
tion bezeichnet wird.

In den Svecofenniden nehmen kornsortierte geschichtete Ablagerungen
(graded bedding), hie und da mit eigentlichen Warwen, einen breiten Platz
ein. Solche kornsortierte Ablagerungen wurden von der Ladogagegend bis
nach Schweden angetroffen. Reste ihrer urspriinglichen Struktur sind oft
in stark umgewandelten Gneisen noch erkennbar. Wir haben (Wegmann,
1930) ihre Umwandlungen in Cordieritgneise verfclgt und beschrieben. Auch
die graphithaltigen Glieder dieser Serie gehen in Gneise iiber, fiir die damals
der Name Kinzigit eingefithrt wurde. Méchtige basische Vulkanite sind
weit verbreitet.

Viele dieser Sedimente sind wenig ausgereift, wurden also verhéltnis-
maéssig rasch in die Ablagerungsbecken transportiert, in denen sie sich
absetzten. Ein solcher aktivierter Sedimentumschlag ist nur in einer sich
bewegenden, immer wieder Relief bildenden Zone moglich. Es ist daher in
dieser Zone mit rascher und tiefer Erosion zu rechnen. Die Liicken, sowohl
der alten Sockel, als auch der Liefergebiete der Sedimente, kénnen wahr-
scheinlich erst nach und nach durch die tektonische Analyse identifiziert
werden. Ohne eingehende Studien ist es nicht moglich, die sich folgenden
Oberflichenverhiltnisse zu rekonstruieren. Die verschiedenen Arten bei
der Umformung und Umwandlung zu reagieren kénnen bereits mancherlei
niitzliche Hinweise geben, wenn die strukturelle Analyse nicht schematisch
und die Gesteinsuntersuchung nicht schubladenmaéssig durchgefiihrt werden.

Bei der Besprechung der Ablagerungsgesteine ist es vielleicht angebracht,
einige Worte iiber das J otnium beizufiigen. Die jotnischen Sandsteine
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werden hie und da als »Molasse der Svecofennideny bezeichnet. Dazu wire
zu bemerken, dass die typischen Molassegesteine am Aussenrande der
Alpen die Erosionsprodukte einer sich hebenden michtigen Gebirgskette
darstellen. Die Erosion legte fortwihrend frisches Gestein frei, das in eini-
gen Sammelbecken vereint zu méchtigen Fichern gefithrt und abgelagert
wurde. Es liegt in der Regel nicht auf einem alten abge-
tragenen Sockel, sondern auf dem Deckgebirge des
Vorlandes. Es gibt zwar in den Ostalpen kleinere Molassebecken im
Inneren des Gebirges. Der Typus ist aber der der perialpinen Trogfiillungen.

Das Bild des Jotniums mit seinen roten Sandsteinen ist ein ganz anderes.
Seine Faziesvergesellschaftung gleicht viel mehr derjenigen
des Buntsandsteins. Wie er, legt sich das Jotnium weithin
auf eine bereits vorher tief erodierte Fldche mit
Grundgebirgscharakter, wurde daher nicht wihrend der
Hauptphase der Hebung und Erosion abgelagert, sondern erst als der
grosste Teil der Gebirgslandschaft bereits abgetragen und eine Fastebene an,
ihre Stelle getreten war. Diesen Verhiltnissen entsprechen auch Fazies und
Reifezustand der Sedimente.

Die grosse Masse der vorher abgetragenen Gesteine muss daher an
anderen Orten gesucht werden. Svecofenniden und Kareliden bildeten ein
Belieferungszentrum fiir andere Gebiete.

UMFORMUNGEN UND UMWANDLUNGEN

Am augenfilligsten unterscheiden sich die beiden Segmente durch den
jetzigen Bau und die damit verbundenen Gesteinsumwandlungen. Diese
Unterschiede wiirden am besten durch eine grossere Reihe von Abbildungen
mit den notigen Kommentaren dargelegt. Ein solches Unternehmen wiirde
aber den Rahmen dieser Mitteilung sprengen. Wir wollen daher versuchen,
einige Merkmale auszuwéhlen und sie kurz darzulegen.

Die Kareliden in Ostfinnland zeigen einen alpinotypen Bau
mit liegenden Falten, abgeschorenen und verfrachteten Schichtpaketen,
Decken und kristallinen Massiven und Keilen. Da eine Reihe typischer
Einwicklungen élterer iiberschobener Massen durch jiinger bewegte Massive
vorkommt, ist es moglich, tektonische Phasen zu unterscheiden und ihnen
die Gesteinsbewegungen zuzuordnen. Dabei ist die relative Bewegung der
hoheren Bauteile in der Hauptsache nach Osten gerichtet. In der Gegend
von Kuusamo und Paanajirvi drehen zwar die Aufschlusstreifen. Die
relative Bewegung der hoheren Bauteile ist aber auch hier nach Osten
gerichtet. Das Kartenbild kommt durch die kriftige Axialsenkung im
Gebiete von Paanajéirvi zustande.

17 2192—61
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Je mehr man aber nach Westen kommt, umso mehr werden alle Bau-
teile vergneist und hie und da von Graniten durchbrochen. Dadurch nahert
sich der Stil mehr und mehr dem der Grundgebirgstypen.

Die Svecofenniden Finnlands zeigen nur Stock-
werke vom Grundgebirgstypus, wobei es moglich ist, ver-
schiedene Stilarten zu unterscheiden. Diese Typen sind nicht leicht in
wenigen Worten zu beschreiben. Sie sind auch auf vielen geologischen
Karten nicht ohne Schwierigkeit zu erkennen, da die Grenzen der petro-
graphischen Typen oft schrig iiber die tektonischen Einheiten schneiden.
In vielen Gegenden wird der Bau durch weitgehende Granitisation ver-
schleiert.

Da viele Gesteine bereits vor der Granitisation stark deformiert waren
und die verschiedenen Deformationsstadien des gleichen Gesteins bei der
Granitisierung recht verschiedene Gesteinstypen ergeben, so ist eine schu-
bladenpetrographische Einteilung in Beschreibung und Karte wenig niitz-
lich zur Aufklirung des Baues, wenn diese Einteilung nicht gedeutet werden
kann. Die Mannigfalt der Gesteinstypen wird dadurch noch erhoéht, dass
jeder der erwihnten Arten eine Serie weiterer Produkte entspricht, da die
Granitisation unter verschiedenen Bewegungsbedingungen geschehen und
dadurch recht vielfdltige Bilder zustande bringen kann. KErst die kinema-
tische Analyse kann die Verhiltnisse klar legen helfen.

Die Generationen basischer Génge, die schon von J. J. Sederholm als
chronologische Stiitzpunkte beniitzt wurden, sind auch fiir die Bewegungs-
analyse von grosser Wichtigkeit.

Im Grossen kann man folgende Gruppen von Ereignissen
unterscheiden: Wie bereits erwihnt deuten die Merkmale der Ablagerungen
auf erhebliche synsedimentire Bewegungen hin. Da die Stratigraphie
einstweilen primitiv ist, konnen sie kaum unterschieden werden. Weit
verbreitet sind die Spuren einer Deformationsgruppe, die in héheren Stock-
werken stattfanden. Zu ihnen gehort auch die Platznahme von Graniten,
wie sie diesen Stockwerken entsprechen. Darauf folgen die verschiedenen
basischen Génge, in verschiedenen Schiiben, die aber wohl nicht tiber das
Ganze gleichzeitig sind. In einer folgenden Phase wurden sie deformiert.
Fiir die Erforschung der Ereignisse in Zeit und Raum sind die basischen
Génge nicht nur chronologische Signale, sondern sie bieten auch Scharen
von geometrischen Bezugsflichen.

Die darauf folgenden Granitisationen konnen in Folge des Bewegungs-
zustandes recht verschieden aussehen und eine grosse Anzahl von Spielarten,
von scharfen Kontakten bis zu komplizierten Ubergingen, zeigen. An die
Granitisationen schliessen sich weitere Intrusionen. Sie zeigen die Form
von runden oder ovalen Diapiren, konnen aber auch langgestreckte mauer-
artige Gebilde erfiillen.
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Viele der aufeinander folgenden Bewegungsgruppen konnen lokal oder
regional in mehrere verschiedene Phasen unterteilt werden. Die jeweils
jingeren Bauformen wickeln die édlteren ein, wobei die Achsenrichtungen
meist verschieden und nur in Ausnahmefillen parallel sind. Ein scheinbar
so einfacher Vorgang wie die Ausdiinnung einer Schichtenreihe zeigt eine
ausserordentliche Mannigfalt von Erscheinungsformen, die in gewissen
Fillen einander im Streichen ablésen kénnen.

Die Formen kleineren und grosseren Masstabes sind daher meist durch
mehrere Uberpriigungen charakterisiert. Wenn diese Komplikationen in
einem Aufschlusse nicht immer direkt sichtbar sind, so machen sie sich
schon bei einer geringen Erweiterung des Erfahrungskreises bemerkbar.

Da die relativen Verschiebungen nicht nur tangential und vertikal sind,
sondern sich auch stark horizontale Komponenten auf steilen Bewegungs-
bahnen oft bemerkbar machen, entstehen recht verwickelte Strukturen,
wie etwa die seinerzeit von uns beschriebenen wirbelartigen Bilder im 6st-
lichen Schirenhofe. Komplizierte Strukturen sind sehr hédufige Merkmale,
man konnte fast sagen, dass sie die Regel sind.

Infolge der Granitisierung und der damit verbundenen Bewegungen
stellen sich die Gebiete mit besser erhaltenen Ablagerungen manchmal wie
im Migmatitgranit schwimmende »Inselny mit ver-
drehter Innenstruktur dar. Die Kontakte sind teils iiber-
schneidend teils subparallel, von breiten Ubergangszonen bis zu mehr oder
weniger scharfen Beriihrungsflichen variierend. Da derartige »Inseln» ver-
schiedenen Tiefgang haben, ist es moglich, eine Art vergleichender Anatomie
aufzustellen. Diese zeigt, dass die Verhéltnisse zwischen den »Insely»-gruppen
plastischen oder viskosen Bewegungsstilen entsprechen.

Mit der Verfestigung, die wahrscheinlich der Abtragung in der Tiefe
voranging, horten aber die Bewegungen nicht auf, wie die hiufigen Uber-
ginge von Migmatitgneisen in Mylonite und Pseudotachylite zeigen, die
sowohl in der Stadt Helsinki als auch in der Umgebung héufig angetroffen
werden. Solche spite Bewegungserscheinungen wurden auch von Tuomi-
nen (1957) fiir die Gegend von Orijérvi unterstrichen. Sie iiberprigen die
Merkmale mehrerer fritherer Bewegungsgruppen.

Die Gruppe der Rapakiwigranite durchschneidet bereits ein verfestigtes
Grundgebirge. .

Dieses, wenn auch leider recht schematische, Panorama stiitzt sich auf
die Erfassung aller Grossenordnungen. Es ist daher vielleicht nicht mit
allen im Schrifttum angetroffenen Vorstellungen vereinbar, da manche der-
selben auf ganz anderen Wegen gewonnen wurden. Zwei Vorschlige wurden
seinerzeit von anderer Seite gemacht, um die geometrisch-kinematische Ana-
lyse iiberfliissig zu machen: a) man sollte nur die im Gelédnde direkt beobacht-
baren und durch das Mikroskop ableitharen Merkmale beriicksichtigen; b)



132 Bulletin de la Commission géologique de Finlande N:o 196.

die Kartierung sollte lediglich die Mineralfazies erfassen. Es ist vielleicht
niitzlich, sich zu diesen interessanten Gesichtspunkten zu &dussern.

Nach dem vorangegangenen diirfte es nicht schwer sein, zu verstehen,
dass die Ausblendung einiger weniger Grossenordnungen auch eine Schrump-
fung des Geltungsbereichs nach sich zieht.

Das Verhiltnis der Mineralfaziesstudien zur raumzeitlichen
Erforschung liegt wieder ein wenig anders: Der Begriff der Mineralfazies
geht vom Gleichgewichte aus. Dies ist eine fiir die Erforschung der Natur
wichtige Abstraktion, wie etwa der Kreis oder das Dreieck. Wire aber das
Gleichgewicht in der Natur iiberall verwirklicht, so wiirde dies das Ende
aller geologischen Prozesse bedeuten. Es ist immer nur ein Grenzfall. Diese
Grenzfillle entsprechen gewissen Verhiltnissen von Temperatur, Druck und
Feuchtigkeit, d. h. dem, was man als das unterirdische Klima
bezeichnen koénnte. Sie entsprechen gewissen Schwellenwerten und ihren
Kombinationen. Die unterirdischen Klimate beherrschen gewisse Riume,
wihrend gewissen Zeitabschnitten, und kénnen dort ihre Merkmale hinter-
lassen. Es ist nun eine, oft wiederholte Beobachtungstatsache, dass die
Zeugen unterirdischen Klimas, auch wenn ihre Bereiche aneinander gren-
zen, nicht notwendigerweise demselben Zeitabschnitte angehoéren miissen,
sondern aus ganz verschiedenen Entwicklungsstadien stammen koénnen.
Eine Aufschlussfliche schneidet daher sowohl durch synchrone als auch
durch metachrone Klimardume. Um sie zu rationellen Entwicklungsreihen
zu verbinden, miissen die raumzeitlichen Verhiltnisse bekannt sein. Werden
die Angaben, die sich aus den Gleichgewichtstendenzen ergeben, nicht auf
diese Weise geordnet, so ist dies, wie wenn man, um eine Klimakarte herzu-
stellen, die Zeugen des karbonischen, jurassischen und tertidren Klimas,
samt dem quartdren und dem jetzigen nebeneinander notieren wiirde, nur
weil diese Zeugen in dem Gebiete vorkommen. Ohne die Zeitperspektive
und die rdumliche Begrenzung wiirde das erhaltene Bild eher verwirrend
wirken. Auch die Ergebnisse der Mineralklimatologie kénnen erst rationell
verwendet werden, wenn sie in das raumzeitliche Panorama, d.h. in die
tektonischen Stockwerke und ihre Entwicklungsphasen eingefiigt werden.

EINIGE FOLGERUNGEN

Wir haben versucht, wenn auch recht schematisch, aus den vielen
Beobachtungen einige Merkmale der Kareliden und der Svecofenniden
herauszugreifen. Bereits diese Auslese zeigt, dass ein Zusammen-
werfen beider Gebirgssegmente einer betrédcht-
lichen Schrumpfung unserer Kenntnisse der indi-
viduellen Ziige entspriche. Sie wiirde aber auch ohne vorherige
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neue Unterteilung kaum die zukiinftige Forschung fordern. Im Gegenteil
wiirden — wie es schon hie und da geschah — verfriihte zu weit ausgedehnte
Verallgemeinerungen den Fortschritt hemmen. Es wiirde wahrscheinlich
niemandem einfallen, die betische Kordillere, die Alpen und die Karpathen
zusammenzuwerfen, weil sie sich ungefihr gleichzeitig entwickelt haben.
Man hat sie mit vielen anderen Ketten zur Einheit der mediterranen Ketten
zusammengefasst. Die grossen Fortschritte der Tektonik aber wurden
gerade dadurch erzielt, dass man sich zum Ziele setzte, — und auch weiterhin
versucht — die individuellen Ziige nicht nur der einzelnen grossen Segmente,
sondern auch der darin unterscheidbaren Zonen herauszuarbeiten und zu
vergleichen. Die eingehende geometrisch-kinematische Analyse aller Grossen-
ordnungen diirfte auch in den alten Gebirgssegmenten weiter fiithrer als die
Primitivierung der Gesichtspunkte. Allerdings braucht es viel Geduld und
eine grossere Anzahl von Methoden und Techniken, um die Knoten der
Uberprigungen, die sich oft vielfiltig durchdringen, nach und nach zu
I6sen.

Unter den vielen bis jetzt bekannt gewordenen Grundgebirgs-
typen kann man zwei verschiedene Abteilungen unter-
scheiden, die, wie das in der Natur meist der Fall ist, durch Ubergélnge
verbunden sind. In den einen kann man eine oft zwar grosse Zahl von
Phasen unterscheiden; sie gehéren aber mehr oder weniger derselben Folge
an. In den anderen Segmenten gruppieren sich die Phasen in mehrere unter-
scheidbare Ereignisreihen, die nach verschiedenen Plinen abzulaufen
scheinen.

Der Typus der Kareliden in Ostfinnland gehoért der ersten Abteilung an.
Die unterscheidbaren Phasen, von den Ablagerungen iiber dem Sockel bis
zum jetzigen Bau bilden eine grosse Ereignisfolge. In den Svecofenniden
zeichnen sich deutlich mehrere solche Ereignisfolgen ab.

Der Entwicklungstypus mit mehreren Phasengruppen riickte in den
letzten Jahren deutlich in den Vordergrund des Interesses verschiedener
Geologenkreise. Dies hat verschiedene Griinde: Einmal werden auf den
Karten immer mehr Kinzelheiten notiert, wodurch das Bild immer kompli-
zierter wird; daraus ergibt sich die Notwendigkeit auch solche verwickelte
Raumbilder zum Bewusstsein zu bringen und zu deuten. Anderseits bieten
diese Forschungen wichtige Unterlagen fiir die Loésung grundlegender
Fragen: Solange man glaubte, dass sich die verschiedenaltrigen Gebirgsseg-
mente nur in ringartigen Biandern konzentrisch um die alten Kerne legten,
war diese Frage nicht wichtig. Da aber seit langem Félle bekannt sind, in
denen jiingere Segmente &ltere iiberschneiden, — sie wurden seinerzeit von
Eduard Suess notiert — und da sich diese Félle durch die genaueren Unter-
suchungen in den letzten Jahrzehnten fortwihrend vermehren, werden auch
die Methoden zur Auflésung solcher, durch mehrere Phasengruppen iiber-
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pragter Gebirgskorper immer wichtiger. Die Notwendigkeit sie weiter zu
entwickeln wird auch durch die vielen, oft paradoxen Ergebnisse der geo-
chronologischen Bestimmungen unterstrichen.

Bereits frither haben mehrere Verfasser, von anderen Gesichtspunkten
ausgehend auf die Probleme der Svecofenniden aufmerksam gemacht. Zwei
Losungen boten sich an: a) eine mit einer Gruppe von Entwicklungsphasen;
und b) eine mit Uberprigung ilterer Strukturtypen durch jiingere (Eskola,
1957; Magnusson, 1960). Die allerdings noch recht begrenzten tektonisch-
kinematischen Kenntnisse des Baues scheinen in die gleiche Richtung zu
deuten wie die Uberlegungen Eskola’s und Magnusson’s. Sie wiirden eine
vertiefte tektonische Erforschung rechtfertigen. Konnten diese Zeilen dazu
ermutigen, so wire ihr Zweck erfiillt.



Suomen Geologinen Seura. N:o 33. Geologiska Sillskapet i Finland. 135

ZITIERTES SCHRIFTTUM

EpeLmax, Nits (1960) Reflexioner 6ver de radioaktiva aldersbestémningarna. Geologi
No: 7 8s 87

Eskorna, PExTTI (1957) Einige Altersprobleme des fennoskandischen Grundgebirges.
Neues Jahrb. Mineral., Abhandl. 91.

Macxusson, Nins H. (1960) Age Determinations of Swedish Precambrian Rocks.
Geol. Foren. i Stockholm Férh. 82.

MeTzcER, A. A. TH. (1959) Svekofenniden und Kareliden. Eine kritische Studie.
Medd. Abo Akad. Geol. Mineral. Inst. 41.

TvomiNneN, HEigkr V. (1957) The Structure of an Archean Area: Orijdrvi, Finland.
Bull. Comm. géol. Finlande 177.






AN EXAMPLE OF GRANITE OBVIOUSLY DERIVED FROM
RHYOLITIC MATERIAL !

BY

V. MARMO

Geological Survey of Finland, Otaniemi

INTRODUCTION

Concerning the theories on the origin of granites, the writer has in earlier
papers (Marmo, 1956, 1958, 1958a, 1959) advocated the following way of
thinking:

1. The potassium of the granitic rocks may be derived from sediments
or may be of juvenile o1igin.

2. In former case, it may have been expelled from clay minerals during
regional metamorphism. The clays are generally richer in potassium than
plutonic and volcanic rocks and removal of potassium under such circum-
stances would produce, from the clays, rocks of granodiorite or quartz diorite
composition. If potassium is concretionally enriched within the rock, micro-
cline porphyroblasts in a matrix of quartz diorite to granodiorite composition
will result (Marmo, 1956a).

3. The potassium thus expelled may reappear in the interstices of other
rocks and result in granitization. This especially applies to the so called
ysynkinematic granitesy. KEskola has stated (1955, p. 129), »— — — relying
upon the mapping and research of the Survey geologists, — — — there may
be no synkinematic ideal granites of original bulk composition in Finlandy.

4. Under tectonically favourable conditions and sufficiently large free-
energy-gradient levels, the expelled material may be concerntrated by hot

1 Recei;d February 8, 1961.
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waters and form granitic and aplitic veins and dykes. In extreme cases, even
bodies of considerable size and of more or less definite chemical composition
typical of the latekinematic microcline granites may result.

5. Pure microcline granites constitute the overwhelming majority of
latekinematic granites. On the contrary, orthoclase is the dominant potash
feldspar in the postkinematic granites (including the younger Alpine granites
and the rapakivi granite).

6. From the above-mentioned and other observations (Marmo, 1958 and
1958a) it has furthermore been deduced that microcline may indicate a slow
accumulation of granite-forming material under moderate temperature. If
this accumulation is more rapid, or the temperature elevated, orthoclasc will
be formed instead of or in addition to microcline.

7. From the statements above, the present writer is inclined to conclude
that only the orthoclase granites, or those containing microcline of inferior
triclinicity (for instance some syenites), may be of truly magmatic origin,
but that even for these rocks this origin may not necessarily be the only
possible one.

8. Juvenile potassium occurs in potassic extrusives in amounts sufficient
to result in granite composition as in recent rhyolitic lavas, in the granite
porphyries of the Precambrian, etc.

The last mentioned rock types, however, invariably have a texture typical
of extrusives with potash feldspar usually forming phenocrysts, but also
occurring in the fine-grained groundmass as minute crystals. Concerning
such potassic intrusives, the question arises: to what extent may such rocks
be transformed by recrystallization under regional metamorphic conditions
into rocks of similar chemical composition but having a granoblastic texture
especially typical of granites? Furthermore, the plagioclase of the granite
porphyries is usually oligoclase, which is also the case in the granites of
possible magmatic origin. On the contrary, it is usually albite in true late-
kinematic microcline granites. Can the granite porphyry be albitized simul-
taneously with the recrystallization? These two questions are of utmost
interest in the problem of the origin of granites.

In the following pages, an example of a granite porphyry grading into
an aplitic microcline granite is described and the observations, from the
point of view of the thinking epitomized above, are discussed.

PRECAMBRIAN VOLCANICS OF PIHLAJAVESI, CENTRAL FINLAND

On the geological map of Finland, sheet B 2, Tamper= (1: 400 000, made
by Sederholm) there is a large area of various basic rocks of volcanic origin
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Table 1. Chemical composition of some rocks in the area.

| |

1 2 3
Feldspar-biotite-porphyrite Granite porphyry (51/PP/60) Aplite (193d/PR/60), between
(277/49) Pihlajavesi, Riihimiki. Pihlajavesi. Kotala and Piili.
Analyst: M. Tavela Analyst: A. Heikkinen Analyst: A. Heikkinen

Si0p  62.31 Quartz 16.62 68.94 Quartz 26.11 77.71  Quartz 38.76
TiO,  0.77 Albite 31.96 0.35 Albite 31.44 0.07 Albite 26.72
Al,O4 19.07 Anorthite 21.41 16.3  Anorthite 11.82 12.4  Anorthite 2.50
Fe,0, 1.33 Potash 1.00 Potash 0.53 Potash

feldspar ~ 17.24 feldspar 20.02 feldspar 28.91
FeO  2.02 Biotite 7.42 1.29 Biotite 5.18 0.42  Sphene 0.20
MnO 0.0 Sphene 1.96 0.06 Muscovite 3.80 0.02 Magnetite 0.70
MgO  0.85 Magnetite 1.86 0.93 Sphene 0.87 0.05 AlyO4.8i0, 1.46
Ca0  4.85 Al,Oq4 { 2.66 Magnetite 1.39 0.56 Rest 0.93
Na,0O 3.80 (surplus) 1.0z 3.70 Rest 0.72 3.15 100.18
Ko,0  3.74 Rest 0.09 4.40 100.35 4.90
P,0; 0.16 99.58 0.05 0.01
H,0+ 0.50 0.57 0.28
H,0— 0.56 0.10 0.06
Cry05 0.00 €O, 0.00 An,, 00, 0.00 Ang
S 0.04 Any, 100.35 F  0.02
Total 99.58 I 100.18

approx. 20 km WNW of the railway station of Haapaméiki. This area was
re-investigated by the present writer.

In the whole area, with the exception of its southernmost part, there
are only a few outcrops and therefore the boundaries of the varieties of the
volecanic rocks composing this area could not be shown on the map. The
boundaries between the volcanic rocks and the embracing acid plutonic
rocks have in many cases been drawn on the basis of the aeromagnetic maps
prepared by the Geological Survey.

The area under consideration is composed of Precambrian extrusives
ranging from uralite and plagioclase porphyrites to granite porphyries. In
the marginal parts of the area, especially in the NW, they are very strongly
metamorphosed and grade into varieties which can be distinguished from
the fine-grained gneisses of quartz diorite composition only with difficulty.
Amphibole, especially along the maigins of this 15 X 7 km area, is often
strongly biotitized and varieties containing plagioclase, quartz, biotite and
very little or no amphibole, are common. Such varieties usually contain
potash feldspar in the ground mass and then approach a granite porphyry
composition.

The chemical composition of such a porphyrite is shown by Anal. 1 of
Table 1.

The central part of the area containing different porphyrites is shown
in Fig. 1.
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Fig. 1. Geological map of the area N of Piili. 1:120 000.

GRANITE PORPHYRY AND APLITIC GRANITE

The area occupied by the volcanic rocks is embraced by synkinematic
granodiorites and quartz-diorites, except in the southwest where it termi-
nates against a large diorite body.

Especially in the north and northeast, however, between the volcanics
and porphyroblastic granites, a zone of fine- to medium-grained aplite-like
rock up to 1 km broad occurs (see Fig. 1). At several places along the margi-
nal parts of the volcanics, at the contacts with the surrounding rocks, a very
similar rock occurs in the form of veins and dykes which brecciate both the
feldspar porphyrite and granodiorite and also occasionally the diorite.
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At such contacts, diorite veins are often present as well. These also some-
times brecciate the porphyrites as well as the granodiorite, but approx.
300 m N of the railway station of Piili, it may be seen that they are older
than the veins of aplite-like rock. The aplitic pink rocks are texturally in-
homogeneous, being either true granoblastic aplitic granites or showing
distinct porphyritic texture with insets mainly composed of plagioclase, or
to a minor extent, of microcline. These insets are embedded in a rather
fine-grained groundmass composed of quartz, both feldspars, and of small
amounts of micas.

Intermediate textures are often met with and because these differences
are distinguishable only under the microscope, the drawing of boundary-lines
between different varieties on the map was impossible.

In the Northeast, however, the broad aplitic bodies generally have the
texture of a granite porphyry in those parts which are close to the volcanics,
but this porphyritic texture fades out northwards where the aplite has a
granoblastic texture with only occasional insets which are obviously of a
more or less relictic character.

In the narrow dykes along the southern margin of the porphyrites, there
brecciating or cutting other rocks, the granite porphyry-like variety mainly
occurs at the apexes of the fading out veinlets. A different type of occur-
rence is found north of the Piili railway station, where a dyke some 15 to
20 m wide has a porphyritic texture at its northern edge, but grades south-
wards into granoblastic aplite (Fig. 2). At this particular locality, the aplitic
veins cut the contact between plagioclase porphyrite and veined diorite
which likewise has intensely brecciated the porphyrite. As seen in Fig. 2,
the diorite has intruded between the plagioclase porphyry and synkinematic,
slightly porphyroblastic granodiorite and close to the former contains abun-
dant angular inclusions of plagioclase porphyrite. This breccia is cut by pink
aplitic granite which in places texturally grades northwards into a granite
porphyry.

At Kolmisoppi Lake in the north, volcanics of thin alternating beds of
feldspar-biotite-porphyrite, plagioclase porphyrite and uralite porphyrite are
in contact with granodiorite. This contact is cut at several places by dykes,
up to 2 m thick, of pink, aplite-looking granite porphyry which in places
grades into a granoblastic normal aplite.

Still further to the north, veinlets of both granite porphyry and aplite
occur.

On the basis of the above petrographic observations, it seems that simple
textural gradations from a granite porphyry to granoblastic aplite exist
almost everywhere in the area. This gradation is seldom discernible with
the naked eye, but it is always distinct in thin section.
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Fig. 2. Road section 300 m N of the railway
station of Piili.

As will be shown on the following pages, the actual situation is much
more complicated and, in addition to the textural features, there are also
other factors which change with the gradation from granite porphyry to
aplite.

PETROCHEMICAL ASPECTS

As mentioned on p. 139, there are varieties among the porphyrites of the
area which differ from the plagioclase porphyrite by the presence of biotite
in addition to or instead of amphibole. This means that biotite-bearinr
portions are enriched in potassium. In other varieties, the potash feldspag
is also present in the fine-grained matrix. Such varieties approach the com-
position of a rhyolite, and differ from the above-mentioned aplite-like granite
porphyry in their gray colour and abundant biotite, which is sparse in the
pink granite porphyry. Anal. 1 of Table 1 illustrates the composition of such
a feldspar-biotite porphyrite. Compared with Anal. 2, which illustrates the
composition of the pink, aplite-like granite porphyry, it is richer in potas-
sium and the ratio of normative Ab to An is also increased. Consequently,
the plagioclase of the granite porphyry contains less anorthite. In Anal. 3,



Suomen Geologinen Seura. N:o 33. Geologiska Sillskapet i Finland. 143

, o]
=
Ko OO —x N <
% Na,0---x 2 : l
i i = < 3
4+ /
Womao
S
\\
\\\
\\\x
3 -
2 | | |
50 60 70 80% Si0 >

Fig. 3. Variation diagram for alkalies and silica of granite
porphyries and granite aplite. For each sample analyzed, the
calculated anorthite-content of plagioclase is indicated.

aplitic granite, the plagioclase is already albite with less than 10 9%, An, and
simultaneously the ratio Na,0:K,O is considerably higher than in the gra-
nite porphyry. From these observations it may be deduced that the grada-
tion from a granite porphyry to an aplite coincides with the change of oligo-
clase into albite and with a rapid increase of the potassium content.

However, the silica-content as well has been contemporaneously increased.

The alkali-contents of the three rock types considered are shown gra-
phically in Fig. 3. From this graph it may also be seen that the Ca-content
decreases much more rapidly, than the sodium content. This decrease is
also more rapid than the increase of the potassium-content. Therefore, it
may be concluded from the analytical results that the gradation from granite
porphyry into aplite implies a considerable increase in the amounts of silica
and potassium, and a sharp descrease in the calcium-content. The actual
amount of sodium present, however, need not necessarily be changed.

The gradations between the pink granite porphyry and the aplite are
often irregular, megascopically hardly discernible, and occur within the
boundaries of the same vein or dyke. This phenomenon can be explained
only by different conditions of crystallization within the same vein or dyke
during the emplacement of the material, with differentiation playing an
important role during this emplacement.
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The feldspar-biotite porphyrite, on the contrary, differs megascopically
from the pink granite porphyry and this difference is much more marked
than is the difference between the chemistries of these rocks. The potash
metasomatism indicated by the graphs of Fig. 3 could still have taken place,
and then the source of potassium could be one of the following alternatives:

1) The surplus potassium of the porphyrites reappeared in the granite
porphyry and aplite dykes;

2) The above-mentioned potassic dykes have been derived from the same
sources as the potassium which caused the potash metasomatic changes of
the porphyrite.

ON THE TRICLINICITY OF MICROCLINE

The ideas proposed and used by the author for his explanations of the
granite origins (p. 137) include the statement that if potash feldspar is crys-
tallized under hydrothermal conditions and at a temperature below that at
which the disordering of a triclinic lattice mainly takes place, microcline
will be formed instead of orthoclase providing the accumulation of material
is sufficiently slow. On the other hand, the triclinicity of microcline may
not be very high if the temperature is somewhat elevated from that which
is optimal for the formation of the highly triclinic microcline, or if it is
deposited more rapidly than is necessary for the lattice to obtain as high
triclinicity as possible. This implies:

1. If the heterogeneity of the granite porphyry-aplite veins (Figs. 4 and 5)
and bodies is due to some kind of differentiation during their emplacement
(p. 143), there could also be some difference between the temperatures of the
formation of that part of the vein which has a granite porphyry texture and
composition, and that which is composed of the later (?) crystallized grano-
blastic aplite. If on the other hand, the temperature is the same in both
cases, the former should possibly have crystallized more rapidly than the
latter.

2. Reversa differentiation (metamorphic, accompanied by the albitization
of the aplitic poirtions) is not likely, because it is then difficult to explain
the observed differences in the chemistries of granite porphyry and aplite
(p. 143).

3. Therefore it seems that some differences in the triclinicities of the
microcline extracted from different parts of the same vein may be observ-
able, and in particular that the microcline of granite porphyry (either due
to a slightly elevated temperature during its formation, or to a more rapid
crystallization than in the aplitic portions), should have an inferior triclinicity
than that extracted from the granoblastic aplite of the same vein or body.
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Fig. 4. Fine-grained granite porphyry on the NE.
margin of the porphyrite area. A strongly muscovitized
grain of plagioclase in the center of figure. 1 = mus-
cotite, 2 = plagioclase, 2a = antiperhite, 3 — fluorite,
4 = microcline; solid black is magnetite. The matrix
consists of quartz, plagioclase and microcline.

Fig. 5. An occasional inset of highly sericitized plagio-
clase in a granite aplite. (Kolmisoppi Lake). 1 = plagio-
clase, 2 = microcline, 3 = quartz, 4 = muscovite.

19 2192—61
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Fig. 6. Determination of the triclinicity of microclines extracted from
granite porphyry (193 d, 51PP) and aplite (84, K38, 48c).
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To find out whether the above assumptions have any chance of being
correct, five samples were choosen for further investigations. Four of them
(84, 48c and K38, 193d) are granoblastic aplites, and one (51PP) is a typical
granite porphyry containing ragged insets of sericitic oligoclase in a fine-
grained matrix of quartz, microcline, and plagioclase. Two of the aplites
(K38 and 193d) were even-grained and contained very fresh feldspars (albite
and microcline), quartz, and a little fine-scaled muscovite. Aplite 48c con-
tained, in addition, a few highly resorbed remnants of a sericitic plagioclase.
Aplite 84 contained, in addition, some biotite and few sericitic plagioclase
insets, but the latter are better preserved than those in sample 48c.

In addition to microscopic study, samples 193d and 51PP were analyzed
chemically. All five specimens mentioned wert powdered and microcline was
extracted using heavy liquids. This, as well as x-ray examination of the
samples, was performed by Mr. A. Vorma of the Geological Survey of Fin-
land. The results of this investigation are shown in Fig. 6. On the basis of
this work it can be concluded that the difference in the triclinicities of gra-
nite porphyries (0.8) and granoblastic aplites (0.8 and 0.9), is not clear.
This is not in accord with the expectation proposed above. All the examined
samples are from different veins. Therefore the small observed scattering
(0.8—0.9) is probably only of local importance. From this it may be con-
cluded that the crystallization of both rock types has taken place under more
or less similar conditions, and that the variation in chemical composition
is due to small-scale differentiation, simultaneous with the earlier formed
plagioclase insets accumulated in parts of the veins which thus obtained a
typical granite porphyry texture. It may also be mentioned that the
values obtained for the microclines of three aplites (0.9) are the same as
has been earlier observed by the author as being characteristic of the majority
of the microclines of the pre-Cambrian late- and synkinematic granites.

DISCUSSION

The latter of the two above-mentioned alternatives (p. 144), requires
large amonts of potassium introduced from the outside and this potassium
would have resulted in, in addition to the formation of the granite porphyry
and aplite veins and dykes, an invasion of the volcanic rock causing very
widespread biotitization and the formation of a rather homogeneous biotite-
plagioclase-porphyrite. Such a process, if it took place, was not sufficiently
strong to produce potash feldspar other than minute grains occurring in the
groundmass of the porphyrites. This seems to be a very unlikely explana-
tion and especially so because it appears to be very difficult to find a suf-
ficiently large and dependable source of potassium. Therefore one would
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rather imagine that the material extruded was already rich in potassium
and had a composition approaching that of rhyolite. Under such circum-
stances, there is the possibility that after the extrusion of the lava flows,
the subsequent activity resulted in the formation of large quantities of water
vapour which were enriched in alkalies and silica. These could bring materials
rich in potassium into cracks and fissures, and into spaces available between
the lava flows and country rock.

In addition to the constituents typical of a granite, these materials prob-
ably also contained some lime, magnesia and iron, and therefore would
crystallize at the beginning to a granite porphyry containing large crystals
of oligoclase embedded in a later crystallized matrix of albite, microcline,
and quartz, and also minor biotite.

If this stage of emplacement takes place sluggishly and under strictly
hydrothermal conditions, a texture like that observed in the granite por-
phyries (Plate I, Fig. 1) can be easily understood. The plagioclase insets,
already in a solid state, would have formed during the emplacement and
to some extent they may have been engulfed by the hydrothermal solutions,
thus also explaining the occurrence of the zoned plagioclase insets (see
Figure).

The continued accumulation of similar material would then result in an
impoverishment of calcium. Therefore, if the crystallization still proceeded,
the differentiation would produce solutions from which an aplite containing
some scattered plagioclase insets (Plate I, Fig. 2) could crystallize with a
matrix rich in silica, microcline and albite. Finally the aplite of well-devel-
oped equigranular texture will be formed. This, of course, would contain
albite and not any oligoclase because all the lime would have been consumed
by the granite porphyry portions of the sequence.

Thus, the apparent gradation from granite porphyry (Fig. 4; Plate I,
Fig. 3) into aplite (Fig. 5) can be explained as being due to the differentia-
tion of hydrothermal solutions during crystallization and there is no neces-
sity for regional metamorphic recrystallization.

As matter of fact, the explanation proposed above is here adopted pri-
marily because this gradation is not isochemical. It would be petrochemi-
cally difficult to explain how the recrystallization would albitize the oligo-
clase and not simultaneously produce calcium-minerals such as epidote, which
are typical of rocks in which the plagioclase has definitely been albitized
(Marmo, 1961). This petrochemical discrepancy, well portrayed by the
chemical analyses of Table 1, can be ruled out by the acceptance of the
theory of origin outlined above, and which may be epitomized as follows:

The surplus potassium derived from the extruded material of mainly
rhyolitic composition was subsequently brought up under hydrothermal con-
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ditions and was emplaced in cracks and fissures opened after the consolida-
tion of the lava flows.

The emplacement was sluggish and began with the formation of a gra-
nite porphyry with oligoclase insets.

This emplacement coincided with an impoverishment in lime and an
increase in potassium and silica, which is in accordance with the chemical
analyses. Gradually the emplacing lime-impoverished material could yield
equigranular aplite which contains very little calcium but is conspicuously
rich in potassium and silica.
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EXPLANATIONS TO THE PLATE I

Fig. 1. Granite aplite (N of Piili). Zoned plagioclase as an occasional inset. N--, magn. 15 x.
Thin section.

Fig. 2. Granite porphyry (At the N margin of the volcanics). A large inset of plagioclase. N-.
magn. 10 x. Thin section.

Fig. 3. Granite porphyry (N of Piili). N+, magn. 20 <. Thin section.
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THERMAL METAMORPHISM OF THE VOLCANIC ROCKS OF MT.
NYIRAGONGO (EASTERN CONGO) !

BY

TH. G. SAHAMA

The University of Helsinki, Finland

ABSTRACT

This paper deals with the phenomena of thermal metamorphism observable in the
voleanic rocks of Mt. Nyiragongo, an active voleano in the Eastern Congo, and of its
two tributaries Mt. Shaheru and Mt. Baruta.

Based on their mode of occurrence, the rocks of that volcanic complex may be
subdivided into a subvolcanic, an intravolcanic and an effusive group (Fig. 1), defined
as follows. The subvolcanic rocks have crystallized below the pre-volecanic ground sur-
face. The intravolcanic rocks crystallized or solidified within the cone as radial dykes,
tangential cone-sheets or injected masses. The effusive rocks solidified as surface flows
in contact with the open air and represent the lavas proper.

In addition to the intravoleanic rocks mentioned, the rocks in which traces of
thermal metamorphism in texture and/or mineral assemblage may be detected must
be included in this group. For the thermal metamorphism occurring in intravolcanic
conditions the designation ipnism (Greek imioo, baking oven) is introduced. The pro-
ducts of ipnism or ipnitic metamorphism are designated ipnates. Ipnitic metamor-
phism is caused by a continued heat flow from the molten lava lake and from the
feeding channel of the volcano.

Petrographically, the rocks of the Nyiragongo complex represent all-feldspathoidal
melilitites and nephelinites, with melilite, nepheline, leucite and kalsilite as the main
feldspathoids.

The ipnitic rocks of the Nyiragongo complex represent the only known rock series
in which iron-rich olivines of the monticellite-kirschsteinite series are found. These
kirschsteinite-rich olivines have not crystallized direct from the melt but are consider-
ed produects of ipnitic recrystallization. The euhedral olivines in the rocks in which
ipnitic features are lacking are calcium-free, usually very rich in the forsterite com-
ponent.

In rocks in which no traces of ipnitic metamorphism are detectable, the melilite
is low-birefringent, rich in magnesium (4kermanitic). In typically ipnitic rocks of the

1 Received January 17, 1961.
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area, the melilite is high-birefringent, often zoned with a low-birefringent core sur-
rounded by a high-birefringent margin. The high birefringence is due to partial sub-
stitution of magnesium by iron, representing a ferroan variety of melilite known so
far only from this area.

Texturally, the rocks of the Nyiragongo complex vary from porphyritic surface
lavas with intravolcanic phenocrysts in a fine-grained effusive groundmass to holo-
crystalline, coarse-grained, plutonic-looking intravolcanic or even subvoleanic rocks.
The textures of the ipnates grade over to those resembling granoblastic textures of
metamorphic rocks.

The ipnitic metamorphism of pre-existing volcanic rocks is retrogressive in cha-
racter, resulting in a mineral assemblage that is stable in a subsolidus temperature
range. On increasing ipnism, however, this retrogressive thermal metamorphism
changes over into a progressing one and produces a recrystallized mineral assemblage
corresponding to that of the original high-temperature crystallization of the rock melt.
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INTRODUCTION

The crystallization of the rock melt that feeds a volcano may be sub-
volcanic, intravolcanic or effusive, depending on the depth at which the
process cf crystallization is completed. Since no sharp limits actually exist
between these three stages, they may be here defined as follows. The sub-
voleanic crystallization proceeds at a depth below the levsl of the pre-
volcanic ground surface, i. e., beneath the present cone or other products
of activity accumulated on the surface. The effusive crystallization or
solidification proceeds during or after extrusion in contact with the open air
or, in submarine extrusions, with the sea-water. The intravolcanic crystal-
lization or solidification proceeds at a stage intermediate between the sub-
volcanic and the effusive stages.

The subvolcanic rocks may be entirely plutonic or hypabyssal in charac-
ter, the only volcanic feature being their genetic connection with a volcano.
The effusive rocks are the lavas proper. Texturally, they may vary from
volcanic glass without any crystalline particles to relatively coarse-grained
holocrystalline rocks, depending on the rate of cooling after the extrusion.
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Ample evidence is available indicating that, especially in the inner parts of
a flowing lava mass, the rate of cooling may be sufficiently slow to produce
a rather coarse-grained, in extreme cases even plutonic-looking texturs. The
slow rate of cooling may be either an immediate consequence of the thickness
of the flow or a result of a continued heat flow from the molten part of the
lava mass capable of slowing down the rate of cooling but not sufficient to
prevent the crystallization.

The occurrence of rocks here called intravolcanic is not very commonly
emphasized among the products of active volcanoes. An example is given,
however, by Rittman (1933) from Monte Somma. According to him, the
inner wall of the great caldera of this ancient volcano consists to the extent
of about one fifth of dykes and sills intruded into the lavas proper. As on
Monte Somma, in the main crater of the volecano Mt. Nyiragongo (Eastern
Congo) and in the craters of its two great tributaries, Mt. Baruta on the
northern and Mt. Shaheru on the southern flank, the share of the rocks that
may be termed intravolcanic is by no means negligible. The intravolcanic
rocks have not crystallized in contact with the open air. Consequently, on
the outer slopes of Nyiragongo and of its tributaries, the intravolcanic rocks
may be found only as blocks ejected from the crater or transported by ex-
truding flows. In the inner wall especially of the Nyiragongo main crater,
on the other hand, the intravolcanic rocks are well exposed. As has been
described by Sahama and Meyer (1958), the lowering of the lava lake level,
followed by a gradual collapsing of the inner walls of the upper crater, is
responsible for the present-day topography of the top of the mountain. It is
this process that evidently made the intravolcanic rocks accessible for study.

The intravolcanic rocks proper in the crater of Nyiragongo represent
more or less steep-standing dykes radiating from the center of the crater or
tangential cone-sheets that are subvertical or show a very steep dip towards
the crater center. In some cases, these dykes are seen to feed surface flows
of lava. On the other hand, the tuff layers occupying the lower parts of the
Nyiragongo upper crater contain intercalated lenticular rock masses that
evidently have been intruded into the crater wall and do not represent any
surface flows.

Fig. 1 presents a summary of the kind of volcanic rocks that are found
in the Nyiragongo complex. The qualitative scheme of this figure is self-
explanatory and needs no further comments.

In addition to the types of intravolcanic rocks mentioned, the main
crater of Mt. Nyiragongo and the craters of its two great tributaries still
contain rocks of another kind that also must be included in the intravolcanic
group of rocks of that volcanic complex. The original solidification and
crystallization of these rocks was effusive, intravolcanic or even subvolcanic.
Yet, the texture and/or the mineral assemblage shows features indicative of

20 2192—61
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Fig. 1. Mode of occurrence as a basis for textural classification
\ of volcanic rocks of the Nyiragongo complex.

a recrystallization without or with chemical readjustments of the constitut-
ing minerals under intravolcanic conditions. Such textural and chemical
readjustments represent thermal metamorphism. Being essentially retro-
gressive in character and even occurring high up in the cone of the volcano,
this kind of thermal metamorphism differs entirely from that found in con-
tact aureoles around intrusive rock bodies. For this reason, it is felt that
thermal metamorphism under intravolcanic conditions deserves a desig-
nation of it sown to differentiate it from ordinary thermal metamorphism.
In this paper, thermal metamorphism such as it occurs on Nyiragongo will
be termed ipnism and the rocks thus produced ipnates '. Accordingly, the
ipnates are here defined as resulting from a baking of volcanic rocks in the
immediate vicinity of a heat source like that of a permanent lava lake. In
the ipnates, the ipnitic features may be merely textural or also pertain to
the mineral assemblage with or without a metasomatic addition of volatiles
like fluorine, chlorine, etc. The ipnitic features may, of course, be more or
less pronounced in the rock. According to the definition given, the con-
ception of the ipnates represents no petrographic rock name but a group
designation for rocks that have been subjected to thermal metamorphism
under intravolcanic conditions. As such it is analogous to the conception
of the cumulates recently suggested by Wager, Brown and Wadsworth (1960)
for igneous rocks that have been formed by crystal accumulation.

' Greek wvoo, baking oven. This term was orally suggested by Mr. Aulis Hikli, now of the
Outokumpu Co, Outokumpu, Finland.
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SUMMARY OF THE PETROGRAPHY OF THE ROCKS

As has been tentatively suggested by Sahama and Meyer (1958), the
lavas exposed in the inner walls of the Nyiragongo crater, above the upper
platform, show the following general succession.

The lower beds of lava represent rocks very rich in melilite. In the pro-
gress report mentioned, these rocks were provisionally termed melilite-
nephelinites with or without small amounts of olivine and leucite. Accord-
ing to the most distinctive mineral of these rocks, the phases of activity
that produced the lavas were called the melilite phase and the transitional
phase. Later microscopic studies, embracing a more extensive collection of
specimens, have revealed the fact that, in the most typical representatives
of these lava types, melilite exceeds nepheline in quantity and, accordingly,
the rock should rather be termed nepheline-melilitites. A detailed descrip-
tion of these rock types, known so far only from the Nyiragongo complex,
will be given on a later occasion.

On top of the melilite-rich lavas, there is a series of beds characterized
by an abundance of leucite (leucite phase) and, finally, on top of the moun-
tain by nepheline (nepheline phase).

Of the lava beds of the Nyiragongo inner pit, between the upper
and the lower platform, the specimens available to the author for this
study were but few. A microscopic examination of these specimens makes
it most probable that, among the lavas exposed in the walls of the inner
pit, the types ranging from melilite-bearing to melilite-rich play a very
important role.

The quantitative importance of the rocks belonging to the melilite phase
makes it understandable that rocks with ipnitic features in the main crater
of Mt. Nyiragongo are mostly restricted to the lavas of this phase. On Mt.
Shaheru and on Mt. Baruta, ipnitic rocks have so far been found only among
loose blocks. It is a remarkable fact, however, that the ipnitic rocks found
on these two tributary volcanoes are all more or less rich in melilite.

Most of the effusive lavas of the craters of Mt. Nyiragongo and of its
two great tributaries are porphyritic or microporphyritic. In the lavas of
the melilite phase, the phenocrysts of melilite usually exceed those of other
constituents in quantity as well as in size. An exception to this rule is offer-
ed by the glomeroporphyritic rocks containing aggregates of phenocrysts of
the light constituents nepheline, nepheline-kalsilite and, in a few instances,
even leucite. As was emphasized by the author on a previous occasion
(Sahama, 1960), the aggregates of phenocrysts of such glomeroporphyritic
rocks have been formed through a rise of the light constituents under tur-
bulent currents of the molten lava. Accoidingly, those aggregates represent
exceptional enrichments of the phenocrysts of these minerals. The crystal-
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lization of the phenocrysts or aggregates of phenocrysts is intravolcanic or
even subvolcanic.

On the other hand, the crystallization of the groundmass evidently was
effusive. The groundmass is mostly very fine-grained, in extreme cases
almost cryptocrystalline. In some rocks, the size of the phenocrysts is quite
variable, showing a virtually continuous gradation down to the grain size
of the groundmass. In other rocks, a sharp difference exists between the
size of the phenocrysts and that of the giains of the groundmass.

OCCURRENCE OF OLIVINES OF THE MONTICELLITE-KIRSCHSTEINITE
SERIES

The lavas and the intravolcanic rocks belonging to the melilite-rich series
quite often contain small amounts of olivine. Olivine-rich rock types are
scarce. In rocks of the entire Nyiragongo complex in which no ipnitic fea-
tures may be traced under the microscope, the olivine belongs to the forster-
ite-fayalite series and is relatively rich in the forsterite component. On the
other hand, the Nyiragongo complex represents the only area in which iron-
rich olivines of the monticellite-kirschsteinite series have been found (Sahama
and Hyténen, 1957a and 1958). The occurrence of these calcium olivines is
of especial interest in studying the ipnates of that volcanic complex.

An excellent example of the mode of occurrence of kirschsteinite in the
ipnitic rocks of the Nyiragongo complex is offered by specimen S. 80 (= VM.
395), a loose boulder from the Shaheru crater.

The same rock has been found in several blocks on the NE. inner wall of the crater,
close to the elephant path leading down to the crater bottom. In that spot, the wall
is almost entirely covered by loose material in which the blocks occur embedded.
The blocks were found in the middle and upper parts of the wall. Because the rock
has so far not been found in situ, its mode of occurrence is not known. The bottom
of the old Shaheru crater, now covered by vegetation, forms a horizontal lava plain.
No sink-hole is observable. In the NNE. part of the crater, a young flow of nepheline
aggregate lava came down from the Nyiragongo main cone and filled a part of the
Shaheru crater bottom. It is possible that an originally existing sink-hole was filled
by this flow. The relatively thick vegetation on the spot makes it difficult to prove
or to disprove the existence of a sink-hole under the nepheline aggregate lava. It is
possible, however, that the blocks represent material ejected from such a sink-hole.
On the other hand, the possibility cannot be excluded, that the blocks are derived
from a dyke cutting through the layers of the wall or even from an injected lava ho-
rizon in the wall. The rock of specimen S. 80, to be called a complex kirschsteinite-
melilite-sodalite-nephelinite, is holocrystalline. The bulk chemical composition and a
short summary of the constituents were given by Sahama and Meyer (1958). For
that reason, only a brief account of the petrography of the rock will be given here.

The following constituents were identified: nepheline (NegsKsy,), clinopyroxene
(Sahama and Meyer, 1958), melilite, kirschsteinite (Sahama and Hyténen, 1957a),
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sodalite, gotzenite and combeite (Sahama and Hyténen, 1957b), kalsilite (Ne,Ks;go),
delhayelite (Sahama and Hyténen, 1959), magnetite, perovskite, apatite, brown horn-
blende and pale brownish mica. Later on, the following data for magnetite have been
obtained. Chemical composition calculated free from admixed insoluble clinopyroxene
(analysis by Pentti Ojanperd, 1959):

Si0, .27 % MnO 1.52 9
TiO, 19.s6 MgO l.o1
Al,O;  3.02 CaO 0.74
Fe,0; 26.62 P,0; O0.23
FeO 45.73

Accordingly, the molecular ratio of the magnetite component to the ulvite component
Fey0,: Fe,TiO, = 2:3. a, = 8.485 4 0.002 A (powder pattern). Space group Fd3m
(Weissenberg photographs). The single crystal photographs supported by microscopic
study in reflected light on polished specimen did not reveal any exsolution texture.
Sp. gr. = 4.73. In addition, small amounts of phillipsite not mentioned in the
previous reports were detected.

The rock contains aggregates, up to 4—5 mm in diameter, of subhedral to euhedral
nepheline phenocrysts (Fig. 1, Plate I). In the margin of the aggregates, the nepheline
crystals are larger than in the core in which the interstices are filled with constituents
of the mesostasis, often with phillipsite and delhayelite. The mesostasis between the
aggregates shows an average grain size of 0.1 mm. The aggregates evidently are direct
crystallizations from the molten lava. In the ipnates of the area, as in specimen S. 80,
the aggregates of nepheline or nepheline-kalsilite are considered relictic, not affected
by the more or less incomplete ipnitic recrystallization of the mesostasis. In this mes-
ostasis, mo distinct order of crystallization can be established. KEspecially clino-
pyroxene, gétzenite, magnetite and nepheline show a tendency to subhedral or even
euhedral development. Combeite mostly occurs as relatively large grains, up to 3—4
mm in size, detectable in the specimen by the unaided eye as cream-colored spots.

In specimen S. 80, kirschsteinite never shows the crystal forms of an
olivine. The grains occurring in the groundmass are irregularly shaped,
sprinkled with nepheline inclusions and bearing the appearance of small
poikiloblasts. Some spots of kirschsteinite are not uniformly oriented but
consist of an extremely fine-grained, highly birefringent mass in which single
crystals can hardly be distinguished. Except as single grains or spots in the
mesostasis, kirschsteinite quite characteristically forms coronas around the
melilite crystals. In addition, the mode of occurrence of kirschsteinite as
an alteration product of melilite is evidenced by the larger lath-shaped
melilite crystals the grain size of which (up to 1—2 mm) clearly exceeds
that of the average mesostasis. The larger melilite crystals evidently re-
present original phenocrysts of the lava. The relationship between the meli-
lite and the kirschsteinite phases in these phenocrysts is illustrated in Fig. 2.
Despite the fact that these phenocrysts do reveal different stages of replace-
ment of melilite by kirschsteinite, they have usually preserved their original
shape well. Optically, the still unaltered part of the melilite is of the ordinary
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Fig. 2. Progressive replacement of melilite by kirschsteinite. Specimen
S. 80 (= VM. 395). Loose block from the NE. inner wall of the Shaheru
crater.

White: unaltered melilite.

Shadowed: kirschsteinite of uniform orientation.

Shadowed with dots: extremely fine-grained kirschsteinite of not uniform orientation.
Black: magnetite.

low-birefringent magnesium-rich type characteristic of the melilitites of the
Nyiragongo area. Chemically, the alteration of melilite into kirschsteinite
means a very strong shift in the ratio of Mg to Fe?*" in favor of iron. In
the mesostasis of the rock, magnetite is very abundant, occurring as small
well-developed crystals. In and immediately around the spots where kirsch-
steinite occurs, the magnetite crystals are, however, less numerous or vir-
tually absent, indicating that they have partly been used up for forming
kirschsteinite.

The microscopic observations briefly explained in the foregoing evidently
indicate that, in specimen S. 80, the mineral kirschsteinite represents no
direct crystallization from the melt but is formed through alteration of
melilite and recrystallization of the lava already solidified. This interpreta-
tion is supported by observations made of other rocks in the area that con-
tain olivines of the monticellite-kirschsteinite series. In thin section, an
unequivocal distinction between olivines of the monticellite-kirschsteinite
series and those of the forsterite-fayalite series is sometimes not easy. In
most instances, however, the distinction may be made with sufficient cer-
tainty by just using approximate measurements or estimations of bire-
fringence, of the optic axial angle and of refringence according to methods
applicable to thin section work. For reference, those Nyiragongo olivines
were used for which accurate X-ray, optical and chemical data were avail-
able. The results of this study may be summarized as follows.
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1) No olivines of the monticellite-kirschsteinite series were found as
euhedral phenocrysts clearly exceeding in size that of the average ground-
mass. The euhedral phenocrysts of olivine found in a number of the Nyira-
gongo melilitites could in all cases be proved to belong to the forsterite-
fayalite series.

2) Magnesium-rich members of the monticellite-kirschsteinite series,
t. e., monticellites proper, have so far not been found on Nyiragongo. The
olivines of this series in the specimens collected extend in composition from
about the middle of the series towards its iron end.

3) The relatively iron-rich olivines of the monticellite-kirschsteinite series
found in the groundmass of the Nyiragongo area rocks never show euhedral
development.

4) Together with well-developed crystals of leucite, nepheline, clino-
pyroxene, iron-rich melilite, efc., kirschsteinite-rich olivines have been found
in vesicles of ipnitic blocks transported by extruding lava flows. Such blocks
occur in abundance on top and on the uppermost slopes of the southern part
of the Nyiragongo main cone. In these vesicles, the kirschsteinite-rich oli-
vine often shows a good crystal form known for olivines of the forsterite-
fayalite series with (110), (120), (010) and (021) as dominating faces.

OCCURRENCE OF MELILITE

In the melilitites of the Nyiragongo area in which no ipnitic features are
detectable, the melilites occurring as large phenocrysts are optically nega-
tive, low-birefringent (w — ¢ varying between 0.003 and 0.005). Chemically,
these melilites are rich in magnesium and relatively poor in iron. A few
analyses of melilite from these rocks have been published by Sahama and
Meyer (1958). For comparison, an additional analysis of such a melilite is
given in No. 1, Table 1.

On the other hand, it is quite a remarkable fact that the melilites found
in the ipnitic rocks of the area are of a clearly different kind. These melilite
crystals, especially when occurring as phenocrysts, are heavily zoned. The
core of the crystals is relatively low-birefringent. Towards the margin, the
interference color 1ises rapidly and the boundary between the low-birefrin-
gent core and the high-birefringent margin is often quite sharp. The zon-
ing cannot be made readily visible in black-and-white photomicrographs.
Therefore, a highly typical melilite crystal is illustrated in the drawing of
Fig. 3. In the core of this crystal, the birefringence amounts to ca. 0.005
and in the outermost margin to ca. 0.013. The low-birefringent core is strictly
euhedral and, apparently, represents an original phenocryst crystallized from
the melt. The high-birefringent margin, on the other hand, is typically an-
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Fig. 3. Strongly zoned melilite phenocryst in an ipnitic
melilite-leucite-nephelinite. Specimen R. G. 4924. Nyira-
gongo. Drawn by Toini Mikkola.

hedral extending into the interstices between the grains of the groundmass.
It seems evident that the growth of the melilite crystal continued after the
crystallization of the groundmass, enclosing some of the neighboring nephe-
line grains in its marginal parts. These nepheline grains occur now as in-
clusions in the melilite crystal. The high-birefringent melilite is also opti-
cally negative and single crystal X-ray photographs reveal the same sym-
metry as for the low-birefringent melilite.

The mode of occurrence of zoned melilite that is reproduced in Fig. 3
is very common in the ipnitic rocks of the Nyiragongo area. Similar zoning
of melilite is found not only in large phenocrysts but also in crystals of the
groundmass. As indicated by the interference color, the zoning is quite sharp
in some rocks. In other specimens it is but slight, in extreme cases even
lacking. In such cases, the melilite crystals look virtually homogeneous,
with a high birefringence from the core to the margin. Wherever the melilite
is zoned, the interference color rises from the core to the margin. A reverse
zoning, a high-birefringent core surrounded by a low-birefringent margin,
has not been observed. In some rocks, as in the ipnitic blocks carried by
flows of nepheline aggregate lava on the southern rim of Mt. Nyiragongo,
homogeneous high-birefringent melilite occurs in the vesicles together with
kirschensteinite-rich crystals of olivine. These melilite crystals are elongated
prisms in which the faces (100), (110), (120), (101), (111), (121) and (001)
have been detected.

For chemical analysis, it is not possible to separate the high-birefringent
margin from the low-birefringent core. Therefore, the cause of the high
birefringence in the margin was tested by an X-ray microanalyzer at the
Department of Mineralogy and Petrology of the University of Cambridge,
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Fig. 4. Variation of optical retardation (bottom) and FeO

content (top) in the zoned margin of a melilite phenocryst.

Specimen VM. 362. Ipnitic block from the notch of the
southern rim of the Baruta crater.

England. As a standard, a piece of fused melilite was used that, after fusion,
had been chemically analyzed. The standard was mounted on the same glass
as the thin section and was ground simultaneously with it. A run was made
starting from the homogeneous core through the zoned margin of the crystal
recording the intensity of the emitted radiation of iron. On a number of
points along the same path, the optical retardation was measured with a
Berek compensator. The results of these measurements are summarized in
Fig. 4. As is shown by the figure, the curves indicating the variation of the
optical retardation and the iron content calculated as FeO, respectively, run
almost parallel to each other. In the large core, the slopes of both curves
are very gentle and become steep in the strongly zoned margin. Accordingly,
it seems that the increase of the birefringence in the margin of the crystal
is mainly caused by an increased substitution of magnesium by iron. This
conclusion is further supported by analytical data obtained on some high-
birefringent Nyiragongo melilites in which the zoning is extremely weak or
almost absent and, therefore, in which a chemical analysis may be expected
to correspond to the high-birefringent variety of the mineral. The results
of two analyses of such high-birefringent melilites are summarized in Nos. 2
and 3, Table 1. No. 2 represents a virtually homogeneous melilite in an
even-grained ipnitic rock and No. 3 a homogeneous melilite occurring in
vesicles of an ipnitic block carried by the nepheline aggregate lava. A glance
at the table reveals the fact that the main difference between the low-
birefringent and the high-birefringent melilites is in the Mg:Fe ratio. This

21 6371—61
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Fig. 5. Graphical presentation of the chemical composition of
some analyzed Nyiragongo melilites. Calculated in molecular
percentages.

Coordinates: N .. NaCaAlSi,O, (hypothetical alkali melilite).

M .. Ca,MgSi,0, (dkermanite) + Ca,Al,SiO, (gehlenite).

F = (Ca,FeSi,0, (iron akermanite) + Ca,Fe,Si0, (iron gshlenite).
.. VM. 569. Non-ipnitic. Phenocrysts in lava from the Nyiragongo crater.
.. FEAE No. 83. Non-ipnitic. Phenocrysts in Kabfumu lava.
. FEAE No. 93. Non-ipnitic. Phenocrysts in nepheline aggregate lava.

Specimens: 1

2

3.

4 ..8. 96 = VM. 355. Non-ipnitic. Ferrian melilite. Phenoerysts in lava from
)

6

7

Baruta.

. R. G. 22778. Prismatic erystals in vesicles of an ipnitic block in nepheline
aggregate lava. High-birefringent.

.. VM. 391. High-birefringent crystals in an ipnitic block from Shaheru.

. V8. 217. Anhedral ferrian melilite in slowly cooled effusive leucite-nephelinite.
Block at foot of the big talus, Nyiragongo upper platform.

difference is further illustrated in Fig. 5 in which the compositions of the
melilites of Table 1 and those of the melilites previously published by Sahama
and Meyer (1958) are plotted in terms of the melilite components. The high-
birefringent ipnitic melilites represented by Nos. 5 and 6 in the figure clearly
differ from the group of the low-birefringent melilites (Nos. 1—4).

TEXTURAL CHARACTERISTICS

As was already mentioned in the introduction of this paper, the ipnitic
recrystallization found in the rocks of the Nyiragongo area may be more or
less advanced, varying from rocks with completely recrystallized textures to
lavas in which only slight traces of post-extrusional thermal effects are
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observable. The texture resulting from an ipnitic metamorphism depends,
of course, on the entire thermal history of the rock, ¢. e. on the history of
the original crystallization of the rock and of its ipnitic baking. If two rocks
of different modes of occurrence of Fig. 1 and, consequently, of textures
differing from each other are subjected to a complete recrystallization under
identical conditions, they will yield similar textures. Thus, an original fine-
grained porphyritic surface lava will recrystallize with a texture identical
to that of an intravolcanic or even subvolcanic rock. If, as is mostly the
case with the ipnates of the Nyiragongo complex, the ipnitic metamorphism
is incomplete, the resulting texture of the recrystallized rock will largely
depend not only on the conditions of ipnism but also on the texture of the
original rock.

Fig. 6 summarizes sche-
matically the supposed cooling
histories of the volcanic rocks '
of different modes of origin
found in the Nyiragongo com-
plex.

The coordinates in the
figure, temperature and time,
are merely qualitative and
need not necessarily be the
same for the curves Nos. 1—4.
A indicates the temperature 3
range in which the crystal-
lized phases are in equilibrium T
with the still molten part of
the lava. In the range B the
temperature is below the soli-
dus of the system. Accord-
ingly’ the rock iS entirely PRE-EXTRUSIONAL I POST-EXTRUSIONAL

EXTRUSION
crystalline; yet, the temper-
ature is high enough to allow

recrystallization. In the range Fig. 6. Schematical reprensentation of the cooling his-

i i tory of volcanic rocks of the Nyiragongo complex.
& e Ity ot GogEallenion 1. Cooling history of the surface of a lava flow.
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and on local contents of volatiles. The bulk chemical composition of
rocks of the Nyiragongo complex mostly varies within relatively narrow
limits. It may be assumed, therefore, that the effect of this variation upon
the limit between A and B is relatively slight. On the other hand, the
content of volatiles is known to vary quite considerably and may affect the
solidus. Irrespective of the absolute temperatures involved, A represents
the temperature range in which the phenocrysts are formed. When, on
cooling, the upper limit of the range B (higher subsolidus range) is reached,
the rock has become entirely crystalline. There may still occur crystalli-
zation caused by gases or solutions circulating in the rock. In the range C
(lower subsolidus range), only a secondary crystallization of zeolites or calcite
in the vesicles may take place. All intermediate cooling histories between
those presented in curves Nos. 1—4 may actually be expccted to occur. In
the following, the dependence of the rock texture on the cooling history will
be briefly discussed.

As is illustratcd by curve No. 1 of Fig. 6, the temperaturc of an extrud-
ing lava, with its phenocrysts floating in the molten mass, must lie within
the range 4. The rapidity of the temperature drop after the extrusion results
in a porphyritic texture with a fine-grained groundmass. Such a texture,
illustrated in Fig. 1 of Plate II, is common in rocks collected on the surfaces
of flows. On the other hand, if the extruding flow is relatively thick, its core
will cool down considerably more slowly than its surface (curve No. 3, Fig. 6).

On the outer slopes of the mountain, only the surfaces of flows are acces-
sible for collecting specimens. The inner walls of the Nyiragongo main crater,
however, offer a good cross-section of the entire upper cone. In the follow-
ing, a place on the crater wall will be described at which the core of a thick
surface flow seems to be exposed for study.

In the SE part of the upper platform there is a big talus of blocks, the largest ca.
3 m in diameter. The entire wall is some 170 m high and the top of the talus more
than a third of it. The wall itself consists of alternating tuff and lava layers and, on
top of the wall, there is a continuous layer of nepheline aggregate lava, some 15—20 m
thick. A schematical drawing of that part of the crater wall is given in Fig. 7. In
that place, the crater wall is subvertical and extremely difficult of access. For that
reason, specimens from the upper wall could not be collected in situ. From below it
may be seen, however, that exactly above the talus there is a notch cutting through
the upper tuff and lava layers. This notch is filled with material marked with dots
in Fig. 7. It seems evident that the material filling the notch represents surface lava
the extrusion of which is anterior to that of the nepheline aggregate flows. The blocks
of the talus give an idea of the kind of rocks occurring in the notch. As has been
mentioned by the author on a previous occasion (Sahama, 1960), the talus, especially
on its two sides close to the crater wall, is the best locality for collecting lava with
the giant leucite aggregates. The origin of this giant leucite lava has not been accur-
rately established, but it seems most probable that the blocks come from a lava layer
high up in the wall.
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Fig. 7. Schematical drawing of a portion of the SE. inner wall
of the Nyiragongo crater, above the upper platform.

The front of the talus consists mostly of very coarse-grained rocks that
texturally look more like miarolitic plutonic rocks than like volcanic lavas.
Fig. 3 of Plate I illustrates the texture on a polished section of a hand spe-
cimen of such a rock and Fig. 3 of Plate II gives a microscopic view of the
same specimen. The coarse-grained rock is a holocrystalline leucite-nephe-
linite and may be termed miarolitic rather than vesicular. The numerous
cavities are coated by leucite trapezohedrons, now multiply twinned, by
stout nepheline prisms and by platy crystals of titanian clinopyroxene, some-
times with greenish margins. Microscopically, the texture is hypidiomorphic-
granular. No trace of a fine-grained groundmass can be detected. Accord-
ingly, the rock represents no accumulation of intravolcanic phenocrysts but
a very slowly cooled lava in which no definite order of crystallization can
be traced.

The only exception to this observation is offered by the ferrian melilite,
which is present in small amounts (not visible in Fig. 3, Plate II) and an
analysis of which is given in No. 4, Table I. The mode of occurrence of this
melilite differs entirely from that of the ordinary low-birefringent melilite
in the lavas of the Nyiragongo complex. This melilite never shows any
traces of crystal forms but just fills the interstices left between the nepheline,
leucite and the clinopyroxene crystals. It evidently represents a very late
crystallization of the rock, formed at a stage when the main rock mass had
crystallized and the temperature had dropped. This interpretation would
explain the fact that this melilite is richer in iron and alkalies than are the
low-birefringent melilites summarized in Fig. 5. The mode of crystallization
also explains the observation that the iron is mainly in the ferric state.
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The rocks illustrated in Figs. 1 and 3, Plate II, represent the two textural
extremes among the effusive rocks of Nyiragongo between which all gra-
dations may be found. Among the intravolcanic rocks of the main Nyiragongo
crater, the textures also vary. Especially the rocks occurring as relatively
narrow dykes are mostly porphyritic, with a more or less fine-grained ground-
mass and cannot be distinguished texturally from rapidly cooled surface
lavas. Fig. 2, Plate II, gives the texture of an injected intravolcanic rock
mass. The texture of this rock is entirely different from that of a typical
surface lava. Some constituents may show a tendency to euhedral or sub-
hedral development (nepheline; bottom left in the figure), whereas others
appear anhedral (clinopyroxene; top right corner).

The supposed cooling history of typical ipnitic rocks is illustrated in curve
No. 4, Fig. 6. The cooling history immediately after the extrusion is identi-
cal to that of a surface lava. In the ipnitic reheating of the rock, the tem-
perature is raised from the range C to the range B. If the temperature rise
extends close to the upper limit of the range B, the ipnitic recrystallization
will mainly affect the texture of the rock and not the mineral assemblage.
If, on the other hand, during the ipnitic reheating the temperature reaches
only the lower part of range B, the mineral assemblage produced by the
recrystallization can not remain unchanged but will correspond to an as-
semblage stable in a lower temperature range. Fig. 4, Plate II, illustrates
the texture of a rock with partial ipnitic recrystallization. The main con-
stituents, clinopyroxene, zoned melilite and nepheline, are anhedral and the
entire texture resembles that of a granoblastic metamorphic rock. Another
example of an ipnitic texture is illustrated in Fig. 2, Plate I. In this rock,
large anhedral crystals of clinopyroxene enclose numerous euhedral nephe-
line prisms in random orientation. The patchy appearance of the texture
caused by the poikilitic clinopyroxene crystals is plainly visible in the photo-
micrograph.

In principle, the cooling histories presented in curves Nos. 3 and 4,
respectively, differ from each other merely in the fact that curve No. 4
shows a post-extrusional temperature minimum after which the temperature
starts rising again. This temperature minimum may result in a very gently
sloping curve and the cooling history passes gradually over to that of curve
No. 3. For the cooling histories represented by both these curves, it is
essential that the rock has been baked long enough in a temperature range
sufficiently high to cause recrystallization. Accordingly, it is not always
possible on the basis of a microscopic study, to tell whether the rock has
been subjected to real reheating or whether the cooling of the rock has just
been sufficiently slow to produce the texture and mineral assemblage found.
Since no sharp boundary exists between the slowly cooled and the reheated
volcanic rocks of the Nyiragongo complex, the term ipnate may be assigned
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to all the volcanic rocks of the area in which readjustments in texture and
in mineral assemblage are evident.

Curve No. 2 of Fig. 6 gives the supposed cooling history of a lower intra-
volcanic or subvolcanic block that has been rapidly transported to the
surface by an extruding lava mass. The shape of this curve is virtually
identical to that of No. 1 with the only difference that, already prior to
extrusion the temperature of the rock must have passed the range A and
must lie within the range B. In other words, the temperature must have
reached the subsolidus range before extrusion. The texture of the rock will
be plutonic in character and may resemble that of Fig. 3, Plate II, the origin
of which, however, was different.

MINERAL ASSEMBLAGE

It was known already to Lacroix (1933) that some of the ejected blocks
from the top of Mt. Nyiragongo have a bulk chemical composition inter-
mediate between the families of missourite and ijolite. These rocks, clas-
sified by him as the family of niligongite, contain in their typical develop-
ment titanian clinopyroxene, nepheline, leucite, magnesian melilite and, as
accessories, titanian magnetite, apatite and often perovskite. Texturally, the
rocks are relatively coarse-grained, hypidiomorphic-granular or doleritic.
Later on, the conception of the family of niligongite was discussed and
slightly redefined by Denayer (1956).

Both chemically and mineralogically, the niligongites proper of Mt. Nyira-
gongo correspond fairly well to the nepheline aggregate lavas of the moun-
tain. The leucite content is sometimes slightly higher in the niligongites,
but this difference seems hardly to be more pronounced than are the varia-
tions in the leucite content found among the lavas of the nepheline aggregate
flows. The main difference between the niligongites and the nepheline
aggregate lavas are textural. The textures of typical niligongites indicate a
slow crystallization at relatively high temperatures (No. 2, Fig. 6). Occur-
ring as angular blocks transported by extruding lavas, the niligongites evi-
dently crystallized prior to extrusion and represent a lower intravolcanic or
even subvolcanic analogue to the effusive nepheline aggregate lavas. Ac-
cordingly, the niligongite blocks may be interpreted as originating from a
crystallized coating grown on the walls of the feeding channel of that vol-
cano. As such they may be taken as direct crystallizations from the rock
melt.

The genesis of rock types corresponding to the niligongite blocks may,
however, be interpreted in an entirely different way, as illustrated in the
scheme of Fig. 8. Originally the rocks may have been holocrystalline intra-
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Fig. 8. Scheme of processes yielding ipnitic mineral assemblage.

volcanic rocks injected into the strata of the mountain or solidified effusive
lavas buried by later flows and occurring now in the lower horizons of the
cone. If such rocks are subjected to ipnitic reheating and recrystallization
at a temperature not far from the upper limit of range B in Fig. 6 and if
that ipnitic metamorphism is carried on till no relictic features in textures
and mineral assemblage are left, the rocks will not be distinguishable from
products of direct slow crystallization of the melt.

Accordingly, a niligongitic rock may be taken as an end product
of one of two different processes, »iz. a slow crystallization of a rock
melt or a strong ipnitic recrystallization of a pre-existing volcanic rock.
Both processes are possible and may well have been effective on Nyira-
gongo.

The rocks called ipnates in this paper have been marked by a single
point in the scheme of Fig. 8. This is done simply for clarity. In reality,
the ipnates, such as they are found in the Nyiragongo complex, represent
a series of rocks of progressing ipnitic metamorphism and, accordingly,
should have been marked by a series of points along the line of the increasing
ipnism. As is further indicated in the figure, the slow crystallization of a
rock melt occurring at low temperatures will result in a mineral assemblage
similar to that of reheated and recrystallized rocks. Such a slow crystalli-
zation or recrystallization at low temperatures may be caused by the pre-
sence of volatiles and may occur in the core of a thick flow or in an intra-
volcanic mass.
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As was emphasized in the case of the niligongites proper, it seems that
also the ipnates may have been formed in two different ways. Which of
these two ways better fits the observed relictic features and mode of occur-
rence must be studied separately for each particular rock.

Starting from a pre-existing volcanic rock with a mineral assemblage
originally formed through crystallization of the melt at high temperatures,
the ipnitic metamorphism means passing over into a new mineral assemblage
that is stable in a lower temperature range. The metamorphism is, accord-
ingly, retrogressive in character. If, however, on increasing ipnism, the rock
is subjected to baking at a higher temperature, the mineral assemblage will
be adjusted to correspond to that new, higher temperature range. The
direction of metamorphism will change from a previously retrogressive into
a new, progressing one. In intravolcanic conditions, as on Nyiragongo, in
which temperature gradients in the rock masses may be very steep and ir-
regular locally and, in addition, in which the temperature and time of bak-
ing may often be insufficient, the equilibrium will apparently mostly not be
attained. For that reason, the mineral assemblages actually found in the
ipnitic rocks of the Nyiragongo complex represent a continuous series that,
both in a retrogressive and in a progressing direction, may be expected to
grade over to the mineral assemblages of the rocks with no ipnism. Some
of the constituents typical of the Nyiragongo volcanic suite do not seem to
be notably affected chemically by the ipnitic metamorphism whereas others
evidently are highly sensitive to the conditions of crystallization or re-
crystallization.

For the three iron- and magnesium-bearing constituents, clinopyroxene,
melilite and olivine, the difference in composition between the ipnitic and
the non-ipnitic rocks may be summarized as follows.

Non-ipnitic Ipnitic
Titanian augite Salite
Akermanitic melilite Ferroan melilite
Forsteritic olivine Kirschsteinitic olivine

Clinopyroxene is an exceedingly abundant constituent in the rocks of
the Nyiragongo area, occurring both as phenocrysts and in the goundmass.
From the fine-grained groundmass, the mineral is usually quite difficult to
isolate for chemical analysis. Therefore, most of the analyses published by
Sahama and Meyer (1958) have been made of the mineral that occurs as
large phenocrysts in the rock. According to the analytical data available
of such clinopyroxenes of Nyiragongo lavas with no traces of ipnism, the
mineral represents a titanian variety, rich in aluminium, and may be called
titanian augite. This mineral is mostly zoned and often shows a beautifully
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developed hour-glass texture. In the margin of the phenocrysts and in the
groundmass, the brownish violet color of the titanian augite often passes
over into greenish. It is not the purpose of the present paper to enter any
further into a discussion of the variation of the composition of clinopyroxene
in Nyiragongo lavas. It may only be stated that, apparently, the titanian
augite represents the kind of clinopyroxene that crystallizes from the melt
of these rocks at highest temperatures. This conclusion is further supported
by the fact that the phenocrysts of titanian augite show traces of incipient
resorption and alteration into another clinopyroxene optically different from
the titanian variety of the mineral. Therefore, the titanian augite may be
taken as the representative of the pyroxene family that is most typical of
the mineral assemblage of high-temperature volcanic rocks of the Nyira-
gongo complex.

On the other hand, only one chemical analysis of ipnitic clinopyroxene
is available at present, viz. that of the clinopyroxene of specimen S. 80
published by Sahama and Meyer (1958). This clinopyroxene represents a
salite, free from aluminium and poor in alkalies. The mineral is green in
color. Similar green clinopyroxenes seem to be common in the ipnitic rocks
of that area. Therefore, it may be justified to consider salite a representative
of the clinopyroxene family in the mineral assemblage of the Nyiragongo
ipnitic rocks.

With respect to melilite and olivine, the difference between the ipnates
and the rocks of the Nyiragongo complex without traces of ipnism are quite
striking. In contrast to the low-birefringent dkermanitic melilite and the
calcium-free forsteritic olivine of the rocks of non-ipnitic character, the high-
birefringent ferroan melilite and the kirschsteinitic calcium olivine are char-
acteristic of the mineral assemblage of the ipnates.

The exsolution of a highly potassian solid solution of nepheline and kal-
silite is so rapid that it occurs even in surfaces of lava flows and is post-
extrusional. Accordingly, the assemblage nepheline--kalsilite in the ground-
mass of the rocks is not indicative of ipnitic recrystallization. In large pheno-
crysts, however, the perthite-like exsolution texture with narrow nepheline
lamellae in a kalsilite base may be considered indicating an absence of ipnitic
baking. On the other hand, a homogeneous kalsilite core surrounded by a
co-axial homogeneous nepheline margin, interpreted as the final stage of
the exsolution process (Sahama, 1960), evidently requires a certain ipnitic
baking and may be considered distinctive for the ipnates. It seems, how-
ever, that the minimum ipnitic baking necessary for the completion of the
exsolution is too weak to produce a mineral assemblage deviating from that
of ordinary lavas.

Of the silicates containing the volatiles fluorine, chlorine and the sulfate
anion, the minerals sodalite, gétzenite, combeite and delhayelite have been
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found on Nyiragongo. Of these minerals, sodalite and gétzenite are rela-
tively common, combeite has been found in a couple of specimens and del-
hayelite only once so far. Gotzenite is a typical constituent of an ipnitic
mineral assemblage. Sodalite occurs in rocks of doubtless ipnitic character.
Whether it can also belong to the mineral assemblage of the lavas or intra-
voleanic rocks that have not been subjected to ipnitic baking, is not defi-
nitely clear.

Leucite, apatite, perovskite and fluorite do not seem to be chemically
affected by ipnitic metamorphism.

RETROSPECT

Despite the doubts raised against the existence of NaCaAlSi,O, as a
stable compound in pure synthetic form, this formula was adopted for the
hypothetical alkali melilite end member of the Nyiragongo melilites. Follow-
ing Neuvonen (1955), that hypothetical end member was found useful in
presenting diagrammatically the compositions of the Nyiragongo melilites.
The average molecular ratio of this alkali melilite component to the aker-
manite component in the low-birefringent melilites of the “area is roughly
1: 2. The content of the iron akermanite and the iron gehlenite component
is relatively small. In contrast to pure synthetic dkermanite, these Nyira-
gongo melilites are optically negative with a slightly lower birefringence.

The high-birefringent melilites of the ipnitic Nyiragongo rocks show a
content of the alkali melilite component roughly similar to that of the low-
birefringent melilites of the area. Like pure synthetic Ca,FeSi,O,, the
Nyiragongo ferroan melilites are optically negative. Compared with the
optical properties of the synthetic Ca,MgSi,0,—Ca,FeSi,0, series summa-
rized by, e.g., Schairer and Osborn (1950), the refractive indices of the
Nyiragongo ferroan melilites are considerably lower and the birefringance is
higher.

The iron end members of the two most typical ipnitic constituents of the
Nyiragongo volcanic rocks, kirschsteinitic olivine and ferroan melilite, are
both known from artificial slags. On Nyiragongo, these minerals evidently
are formed at the expense of the akermanitic melilite. Stoichiometric reac-
tion equations illustrating the breakdown of the akermanitic melilite and the
formation of the kirschsteinitic olivine and the ferroan melilite could be
written in several ways. The correctness of no such reaction equation can,
however, be proved in the complex system offered by these rocks. The reac-
tion indicates a strong shift in the ratio of Mg to Fe in favor of iron, the
required addition of which may occur at the expense of iron oxides (titanian
magnetite, iron oxide dust present in many lavas) or of the dark green
volcanic glass (sideromelane) of the groundmass. In the formation of the
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kirschsteinitic olivine, the original alkali melilite component will yield ne-
pheline, as is illustrated by the intimate intergrowth of nepheline and kirsch-
steinite in the coronas around the partly altered melilite phenocrysts of
specimen S. 80 from Shaheru.

In this connection, it is of interest to note that, according to Bowen,
Schairer and Posnjak (1933), pure akermanite is stable only above 1 325°C
and pure iron akermanite only below 775°C. According to the prsliminary
information published by Schairer and Osborn (1950), on the other hand,
the system akermanite-iton akermanite is not binary at its iron end but
yields on crystallization ’olivine’ in addition to iron-rich melilite. Before
more data on this system, especially in the subsolidus 1ange, become avail-
able, the chemical reactions involved in the ipnitic metamorphism of the
Nyiragongo rocks cannot be discussed in any more detail.

The occurrence of sodalite, gotzenite, combeite and delhayelite is evi-
dently autopneumatolytic. Autopneumatolysis, the importance of which in
the voleano-petrological phenomena has been emphasized especially by Ritt-
mann (1960), may occur in connection with ipnitic baking. Whether or not
an autopneumatolytic addition of iron occurred in connection with the ip-
nitic metamorphism of the Nyiragongo rocks, cannot be judged on the basis
of the material available at present. _

Because of the very difficult accessibility of the inner pit of the Nyira-
gongo crater, the main part of the specimens available so far for study has
been collected in the upper crater, above the upper platform. For that
reason, it is quite understandable that the rocks with more or less pronounc-
ed ipnitic features have been found mostly among blocks ejected from the
crater or transported by extruding lava masses. Ipnitic rocks occurring in
situ, would presumably be exposed mainly at the bottom of the inner pit,
close to the present-day lava lake. The lava lake has been visited by man
only twice, viz. in 1958 and in 1959. Especially on the later occasion, under-
taken by the expedition of the Belgian National Center for Volcanology
(Centre National de Volcanologie), an extensive geophysical and topo-
graphical survey of the entire crater was carried out (Evrard, 1960). The
collections made by that expedition and by future expeditions may further
illuminate the phenomena described and discussed in this paper.

Among the ejected blocks found in many volcanoes, Lacroix (1930)
distingished a certain type which he called blocs réchauffés. According to
his definition, this designation applies to blocks of irregular form that have
been transported and ejected in an entirely solid state as well as heated up
during the transport. In the nomenclature used by Lacroix, the blocs ré-
chauffés are set up in contrast to the bombs proper, particularly the angular
bombes en groiite de pain, the form of which indicates their having been aject-
ed in a highly viscous (not solid) state, preventing the attainment of a round-



Suomen Geologinen Seura. N:o 33. Geologiska Sillskapet i Finland. 173

ed form during the flight through the air. Consequently, the designation
blocs réchauffés does not apply to the mineral assemblage of the rock and,
as such, represents no analogue to the petrographie conception of an ipnitic
block.
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Table 1. Chemical composition of some melilites from the Nyiragongo area. Analyst:
Pentti Ojanperi.
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1 Including 0.02 %, Li,O.

1. Melilite occurring as large phenocrysts in a porphyritic nepheline-kalsilite-melilitite (melilito-
phyre). Specimen VM. 569. Southern inner wall of the Nyiragongo crater, ca. 85 m above the
upper platform.

2. Melilite from ipnitic melilite-leucite-nephelinite. Specimen VM. 391. Loose block from the east-
ern inner wall of the Shaheru crater.

3. Melilite occurring in vesicles of melilite-leucite-nephelinite. Specimen R. G. 22778. Southern
rim of the Nyiragongo crater. )

4. Anhedral ferrian melilite in slowly cooled effusive leucite-nephelinite. Specimen VS. 217. Block
on foot of the big talus, Nyiragongo upper platform.
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EXPLANATIONS TO THE PLATE I

Fig. 1. Complex kirschsteinite-melilite-sodalite-nephelinite with aggregates of nepheline pheno-
crysts. Specimen S. 80 = VM. 395. Loose block from the NE. inner wall of the Shaheru crater.
No analyzer. Magnification 7 x.

Fig. 2. Complex melilite-sodalite-nephelinite. Large poikilitic erystals of anhedral clinopyroxene
causing a patchy appearance of the rock. Specimen VM. 394. Loose block on the E. inner wall
of the Shaheru crater. Nicols crossed. Magnification 3 x.

Fig. 3. Polished surface of a holoerystalline leucite-nephelinite. The same specimen as in Fig. 3,
Plate II. Magnification 2 x.
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EXPLANATIONS TO THE PLATE II

Fig. 1. Surface lava. Porphyritic nepheline-kalsilite-melilitite (melilitophyre) with large melilite
phenocrysts and small euhedral cerystals of melilite and nepheline (kalsilite) in a very fine-grained,
dark mesostatis. Specimen VM. 569. Southern inner wall of the Nyiragongo crater, ca. 85 m above
the upper platform.

Fig. 2. Injected intravoleanic rock mass. Holocrystalline, even-grained nepheline-melilitite. Spe-
cimen VM. 208. Southern inner wall of the Nyiragongo crater, just above the upper platform.

Fig. 3. Core of a thick flow. Holocrystalline, coarse-grained leucite-nephelinite with ferrian meli-
lite (not shown in the figure). Specimen VS. 217. Fallen block from the foot of the big talus, SE
upper platform of the Nyiragongo crater.

Fig. 4. Partly recrystallized ipnitic block. Holocrystalline, even-grained melilite-nephelinite.
Specimen VM. 362. Southern rim of the Baruta crater.

All photomicrographs taken without analyzer. Magnification 30 x.
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CONTACT MICRORADIOGRAPHIC DISTINCTION BETWEEN
NEPHELINE AND KALSILITE IN THIN SECTION !

BY

TH. G. SAHAMA

The University of Helsinki, Finland

ABSTRACT

A contact microradiographic method using vanadium radiation to distinguish
between nepheline and kalsilite in thin section is described. The method was applied
to the voleanic rocks of Mt. Nyiragongo, Eastern Congo. For phenocrysts containing
the nepheline and kalsilite phases in co-axial orientation, the method is illustrated by
the figures of Plate I. In the fine-grained groundmass of the rocks, the distinction
between the two minerals must be made by comparing the thin section with the micro-
radiographic film under the microscope.

As has become evident through the general reconnaissance of the phase
relations in the NaAlSiO,—KAISiO, system by Tuttle and Smith (1958),
the nepheline-kalsilite solid solution series shows a large gap in the sub-
solidus region. The very existence of a two-phase area in the phase diagram
explains the joint occurrence of nepheline and kalsilite as separate phases
in a rock. So far, the only rocks in which these two minerals actually have
been found to occur together as common rock-making constituents are the
volcanic rocks of Mt. Nyiragongo in Eastern Congo. As has been described
by the author on a previous occasion (Sahama, 1960), the rocks of that
volcano contain kalsilite partly as complex phenocrysts in co-axial orien-
tation with the nepheline phase and, on the other hand, as grains separate
from nepheline in the fine-grained groundmass.

The optical properties of nepheline and kalsilite determinable in thin
section are quite similar to each other. Both minerals are optically uniaxial

1 Received December 19, 1960.
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negative. The refractive indices and the birefringence of kalsilite are but
very slightly different from those of nepheline. These differences are, how-
ever, still sufficient for distinction between the two phases, provided that
both phases occur in a complex phenocryst in co-axial orientation. In pol-
ished sections in reflected light, the distinction between the nepheline and
the kalsilite phases of a complex crystal may be made by etching with al-
coholic sulfuric acid (Trojer, 1956). If, on the other hand, nepheline and
kalsilite occur as separate grains in the groundmass of the rock, a distinction
between them is not possible by optical means. If the rock contains other
easily etched constituents, the etching may not be suitable for identification.
The mere presence or absence of kalsilite in addition to nepheline may, of
course, be tested by powder pattern, preferably to be prepared of the nephe-
line fraction extracted by heavy liquids from the rock. If the mode of oc-
currence of kalsilite in the groundmass of the rock is to be studied, methods
like X-ray microscopy must be used.

For the purpose, contact microradiography was used. A thin section of
the rock to be studied was ground to a thickness of 0.01—0.02 mm. After
the Canada balsam had been dissolved in xylol, the loose rock plate was
placed under a binocular microscope. A suitable part of the plate was cut
off with a razor blade and placed in a microradiographic camera. A photo-
graphic plate ("Maximum Resolution’ plates by Messrs. Kodak Ltd, London)
was inserted immediately in contact with the rock plate and the lid of the
camera replaced. Preliminary tests made with these photographic plates
showed that the microradiograms obtained were mostly not sharp. It was
found that, in the process of dissolving the Canada balsam and loosening and
drying the thin rock plate, this rock plate usually becomes slightly curved.
When placed in the camera, the curved rock plate does not make good con-
tact with the photographic emulsion and renders a more or less diffuse micro-
radiographic image. For that reason, the plates in which the photographic
emulsion is mounted on a rigid glass plate were abandoned and, instead,
films were used. These films, a small batch of which was made by Messrs.
Kodak Ltd, contained the same extremely fine-grained emulsion as the
"Maximum Resolution’ plates, but mounted on a thin film basis. The front
face of the camera lid was machined very slightly curved. When replaced,
it presses the flexible film and the thin rock plate into a slightly curved form
in which the contact between the rock plate and the film is good. On using
this arrangement, the microradiographic images obtained were sharp. On
using low power, the microradiographic film could be studied under the
microscope like an ordinary thin section.

The exposures were made using vanadium radiation. Because X-ray
tubes with a vanadium target were not aavilable to the author, a tube with
a copper target was used. A sheet of metallic vanadium was placed in the
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path of the copper radiation. The secondary vanadium radiation emitted
entered the microradiographic camera. The soft vanadium radiation is se-
lectively absorbed by calcium and potassium. Because nepheline and kalsi-
lite do not contain any large amounts of calcium, the difference in blacken-
ing on the film is caused only by a difference in the potassium content.
Being considerably richer in potassium, a kalsilite grain appears white on
the microradiogram whereas a nepheline grain appears gray.

Figs. 1 and 2 of Plate I illustrate the method applied to crystals with
nepheline and kalsilite phases in co-axial orientation. Figs. 1A and 2A re-
present ordinary optical photomicrographs taken in polarized light between
crossed nicols and Figs. 1B and 2B photomicrographs taken of the micro-
radiographic films. The difference in absorption between the two phases is
evident.

The mode of occurrence of kalsilite in the fine-grained nepheline-bearing
groundmass of a volcanic rock was studied in the following way. The thin
rock plate of which the contact microradiogram had been prepared was
mounted on glass in Canada balsam, covered with cover glass like an ordinary
thin section and placed under the microscope. The microradiographic film
was placed on top of the thin section in such a position that it exactly match-
ed the rock plate. The microscope was first focussed on the rock plate and
a grain was sought that, in respect to its optical properties, represented
either nepheline or kalsilite. The micioscope was now focussed on the micro-
radiographic film and the blackening of the grain observed. If the grain
appeared white on the film, it evidently represented kalsilite. If, on the
other hand, it appeared gray, the grain represented nepheline. Because the
rocks of Mt. Nyiragongo also contain other potassium or calcium minerals,
like leucite, melilite, clinopyroxene, efc., that cannot be easily distinguished
from kalsilite on microradiographic film, it is necessary to compare the thin
section with the film.

Using the contact microradiographic method explained in the foregoing,
a number of rocks from the Nyiragongo complex have been studied with
respect to the mode of occurrence of kalsilite in the groundmass. The method
is relatively time-consuming and tedious, but it has proved to be successful
for the purpose. Kalsilite seems to prefer crystallizing entirely anhedrally
in the interstices between other constituents of the groundmass.

23 6371—61
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EXPLANATIONS TO THE PLATE I

Fig. 1. Complex phenocryst with kalsilite kernel surrounded by nepheline margin. Specimen
S. 88 = VM. 358. Baruta. Magnification 60 x.
Fig. 2. Complex nepheline-kalsilite phenocrysts with perthite-like eksolution texture showing

nepheline lamellae in a kalsilite base. Specimen FEAE No. 83. Kabfumu lava. Magnification 50 x.
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Fig. 1 A. Optical photomicrograph. Fig. 1 B. Contact microradiogram.

Fig. 2 A. Optical photomicrograph. Fig. 2 B. Contact microradiogram.
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PREFACE

In the autumn of 1949, the author read a paper at a meeting of the
Finnish Society of Science (Helsinki) entitled: »Om calderabildningar med
siirskild hiansyn till Kanarie6arna.» It contained an account of the author’s

1 Received March 2, 1961.
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observations during a visit to the Canary Islands the previous year, supple-
mented, of course, by data from the literature and from topographic maps
of the islands. Now I am in a somewhat improved situation as far as my
Canarian field observations are concerned, for after the first voyage I
had the good fortune to spend parts of the years 1948, 1950, 1953, 1954
and 1957 in the archipelago. On these journeys I saw many things not
known to me before in the Canarian calderas, these mysterious depressions
in the otherwise no less mysterious volcanic landscape of the yHappy Islands»
(Insulae Fortunatae).

Notwithstanding his possession of a wealth of new impressions, the
author does not feel qualified to give a full account of the caldera pheno-
mena in the Canaries and to explain their origin definitely in all cases.
Much investigation is still needed to gain a clear insight into the volcanologic
history of the islands, so this short exposé has no far-reaching pretentions.
It is merely a modest contribution to a fascinating problem that has pre-
occupied investigators since the days of Leopold von Buch at the beginning
of the 19th century.

THE CANARY ISLANDS AS A VOLCANOLOGIC PROVINCE AND ITS SPECIAL
FEATURES

The Canary Islands may be considered one of the classical regions in the
world for the study of volcanic phenomena. A great number of geclogical
investigators have visited these islands, which are easy to reach by follow-
ing the transatlantic traffic lanes to the southern continents. Like the Azores
and Madeira, the Canaries are volcanic in nature, and the same can be said
of the Cape Verde Islands farther south.

There are 12 islands in the Canary group, of which only 7 are of consider-
able size: La Palma, Hierro, Gomera, Tenerife, Grand Canary, Fuerteventura
and Lanzarote (Fig. 1). The remaining, insignificant ones, are called islotes.
The archipelago lies within the western African marginal zone, above the
4 000 m bathymetric line. They are not shelf islands in the proper sense,
but they are not true oceanic islands either. The composition of their vol-
canic products is rather different from the typical, chiefly basaltic oceanic
islands. The Canaries consist to a great extent, at least in the larger islands,
of salic material. This circumstance is not without importance as to the
mode of volcanic manifestations. In short, many of the lavas here are of
high viscosity and were rich in volatile matter. There is, however, a wide range
in the composition of the volcanic products not only in a single island,
but also within the insular province as a whole. That makes the islands an
interesting field of study for petrographers as well as for volcanologists.
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Fig. 1. The Canarian archipelago, key map.

Except for the easternmost islands, the Canaries are rather independent
volcanic edifices rising from a deep sea. They have all had, save for the
easternmost ones, an independent volcanic life, and their evolution has been
rather complicated each in a special way, as indicated in the works devoted to
several of the islands (see the bibliographic list).

In the present author’s view, the insular region was originally occupied
by a broad headland attached to the adjacent continent of Africa — an area
now confined by the 4 000 m bathymetric line. In early Tertiary time, this
headland was broken into pieces by sets of fault lines; blocks were left stand-
ing, separated by deep hollows. Only the easternmost of the islands still
adhered to the continent in later times. The »chunks» thus formed consisted
of the same Sial material that composes the continent. The old basement
is still visible in some of the islands.

Upon these basement »chunksy, very much dissected by fissures and rest-
ing on a Sima zone at a oonsiderable depth, great masses of volcanic ma-
terial were piled up in the course of time. The building-up process was by
no means continuous, but frequently interrupted by periods of weathering
and erosion and also by ruptures in the crust.

In this way a number of fairly independent volcanic edifices were created,
the five outer ones rising from a deep sea — quite remarkable formations
on the earth’s surface, if we measure their height from the sea floor. Only
the easternmost islands are of a more flattened shape, and they are surround-
ed by a relatively shallow sea, separated, however, from the African main-
land by a sound with a maximum depth of about 1 000 m.

The Canarian geologic province is consequently volcanic
in composition, at least when the submarine parts of the islands are ex-
cluded. These parts are, indeed, by far the greater ones, so we cannot make
the generalization that the islands are entirely volcanic. In fact, an
old basement found in some deeper parts of the islands reveals the presence
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of granular plutonic rocks (Fuerteventura, Grand Canary, Gomera, La
Palma).

Since we know very little about the composition of the basement and
never will be able to reach down there for closer investigation, it is better
to speak of the Canaries as a volcanic province. The volcanic rocks — lavas,
tuffs, agglomerates, efc. have formed the mountains, and still products were
brought to the surface by eruptions in some of the islands during later
centuries.

However, the islands offer not only »positive» geologic records — the
volcanic rocks. There are also plenty of »negative» volcanic forms in the
landscape; depressions of different kinds, among them the so-called calderas.
On the other hand, exogenic forces have left their scars on all the islands —
the barrancos furrow the slopes in an infinite number. Moreover, marine
abrasion has worked on the coasts, especially on the side of the trade winds,
creating high sea cliffs. One class of geologic record, however, is extremely
sparse: the sedimentary material transported down the slopes by running
water and also accumulations made by the wind. The only island in which
sediments have been deposited on a somewhat larger scale is Fuerteventura,
the one with a deeply denuded surface. We cannot classify the pyroclastic
deposits of superficial character as sediments; in fact, they attain consider-
able thicknesses in some parts, as on the southern and southeastern sides of
Tenerife, the largest of the islands.

The frequent destructive intervention of the exogenic agencies in the long
volcanologic history of the Canaries has made interpretation of the different
volcanic phases in many parts extremely difficult.

THE SO-CALLED CALDERAS IN THE ISLANDS AND THEIR
VARIOUS TYPES

The Canary islands are really a wonderland of nature; in few places in
the world are there such majestic manifestations of the endogenic forces we
call volcanism. Not only is there a multitude of stately volcanic cones and
their lava streams frozen into a fantastic jumble of glassy boulders and
crests covering vast areas of the island slopes, but negative volcanic forms
are also abundant. These include more or less rounded depressions — craters
and giant-craters or calderas — not to speak of other kinds of irregular
depressions confined by rugged precipices. In this paper we will treat the
more rounded depressions, called calderas by the Spaniards (after the Por-
tugese word caldeira). A multitude of forms of different sizes and origin
has been grouped under this name, as we will see in the following descrip-
tions.
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The Canarian calderas, in the broadest sense, have long since been the
object of study by many investigators, Spaniards as well as foreigners. The
first scientifically trained observer to visit these islands was Leopold von
Buch; that was in the year 1815. He was followed by a great number of
geologists, most of whom have described the volcanic phenomena (see biblio-
graphy) and also expressed their opinions about the formation of the cal-
deras. It would be desirable to recapitulate here all these opinions, but lack
of space obliges us to confine ourselves to short comments.

Leopold von Buch (1825), the pioneer, found in Caldera de La Palma
and in Caldera de Tirajana and in Caldera Bandama, Gran Canaria, and also
in Caldera de las Cafiadas, Tenerife, good examples to illustrate his relevation
hypothesis» according to which a crater is formed in the summit of a geotumor
pushed up by subterranean forces. He interpreted the barrancos radiating
from such an »elevation crater» as radial tension cracks in the rising tumor!
These ideas re-appeared in Webb and Berthelot’s great work on the Canaries
(1839); and a later disciple was Déville (1846). But Charles Lyell, who also
visited the islands in the first half of the last century, rejected the elevation
hypothesis, running water being in his opinion the chief agent of excavation
of these remarkable depressions. His ideas are expressed in the famous work
»Principles of Geology» (Lyell, 1868) — especially regarding the caldera of
La Palma, the remarkable hollow that has since become world famous.

More recently Gagel (1908) has thoroughly examined this Palma caldera
and his conclusion agrees with Lyell’s: running water has, in this case, done
the chief work. As for the still larger Caldera de las Cafiadas in Tenerife,
Gagel is of the opinion that it must be the result of gigantic explosions and
hence a true volcanic (negative) form. A similar view is also expressed by
Navarro (1917), who spent a long time in the study of all these phenomena.
During the last decade the present author also undertook a renewed study
of the Tenerifan »circusy, partly in company with the Canaiian geologist
T. Bravo. This colleague will in the near future give a detailed description
for his Spanish public not only of the Tenerifan caldera but also of those
in the other islands, in connection with the appearance of his »Geografia
general de Canarias,» of which the first volume came out in 1954. Of other
geologists lately interested in the problem of the calderas, Macau Vilac (1960)
should be mentioned. We will refer to the opinions of these writers in the
following chapters.

Before entering into a more detailed treatment of the thesis in question,
we should bear in mind that a variety of depressions differing both in size
and in shape and genesis have been brought together under the term c a l-
dera. This inexactness in nomenclature (by no means confined to the
Canaries) has held sway for many decades, as pointed out in the great com-
pilatory work on volcanism by von Wolff (in 2 volumes, 1914 and 1931).
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It was a good thing that the voleanologic literature was enriched with the
special treatise on calderas by Howel Williams (1941), who brought order to
the conceptions and definitions. Also B. G. Escher has treated the subject
in his many publications, chiefly referring to Indonesian volcanoes. Finally,
A. Rittmann (1960) has given a comprehensive although brief report on
calderas; but there would also be other authors to mention.

This literature on volcanism and calderas has, of course, been of great
use to the author in his efforts to undeistand the real nature of all the de-
pressions met with in the Canaries. Much, however, has to be left for future
work. — Theoretical knowledge is one thing and interpretations in the field
another: in bewilderment the newcomer stares at first into these tremen-
dous abysses, unable, of course, to grasp any idea about their formation. It
is only after many tiresome excursions from bottom to top and down again
along criss-cross routes, that one may begin to gain some insight into these
secrets of nature.

SPECIAL CHARACTERISTICS OF CALDERAS IN THE
DIFFERENT ISLANDS

Now we may proceed with a brief description of the more remarkable
types of so-called calderas in the Canaries and try to explain their mode of
formation in every case, starting with the more important ones belonging
to the larger islands. The reader is referred to topographic maps of at least
5 of the islands, however, on a very reduced scale. Some pictures will com-
plete the verbal description.

TENERIFE

This, the largest and best known of the islands (Fig. 2) occupies a central
position in the archipelago. It covers an area of 2 058 sq. km and includes
the highest elevations, with Pico de Teide (3 711 m) the loftiest peak in the
whole Spanish empire. This often described island (Hausen, 1956; bibl. list)
is known not only for its great central volcanic top, but also for its centrally
situated caldera, measuring at least 200 sq. km in area. It is called Caldera
de las Cafadas, and its bottom lies about 2 000 m above sea level. We
shall here study in some detail this remarkable surface formation, nowadays
easily reached by motor roads.

Caldera de las Cafiadas has been formed in the summit region
of a great volcano that occupies the chief part of the island (Fig. 3). This
volcano seems to be composed chiefly of salic (phonolitic, trachytic) lavas
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Fig. 3. Part of the southern wall of Caldera de las Caiiadas, Tenerife, dissected by weathering and
erosion. Sands of the caldera fill and (to the right) tongues of lavas from Pico Viejo. Looking
southwest. Photo T. Bravo.

and tuffs. Older than this gigantic volcanic edifice is a lava and tuff for-
mation of basaltic composition, with a number of later plugs and dikes of
trachytes. — The twin volcano Pico Viejo—Pico de Teide, firmly united to a
single body with two summits, rises in the central part of Caldera de las
(Cafiadas. This complex volcanic apparatus stands as a new generation
inside the caldera of the old volcano, like the cone of Vesuvius inside the
fragmental ringwall of Monte Somma.

The formation of Caldera de las Cafnadas has a rather complex history
that may be difficult to disentangle. Some of the geologic records have been
destroyed while others have been covered forever by younger volcanic ma-
terials. We shall, however, try to follow the probable events that led to
this spectacular negative volcanic surface form.

Omitting the oldest phase in the development of the island structure, we
must imagine the existence of a gigantic phonolite volcano resting on an
older basalt formation. The salic volcano was of the central strato-volcano
type with countless sheets of lavas, tuffs and agglomerates. The cone reach-
ed a height that certainly surpassed that of the present Pico de Teide —
perhaps 5000 m above sea level. It did have a top crater, and the
lavas ran down in all directions. As time passed, the activity ceased and
the sides were attacked by erosion. Many barrancos were formed and some
of them can still be seen (decapitated) in the better preserved southern part.

At the close of the Tertiary period (?) there was a sudden revival of
activity, explosion catastrophes followed one after another, and enormous
masses of bombs, blocks, lapilli and glass-ashes were thrown into the air.
The airborne material drifted southwards owing to the prevailing trade
winds and formed a thick mantle on the southern and southeastern slopes.
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The pale-coloured pumiceous mass is mostly well stratified, but numerous
unconformities indicate the presence of several breaks in the eruptions. A great
part of this material drifted out over the ocean and formed a floating pumice
»carpety on the surface. This material was then caught by the southward-
moving Canarian current and floated far and wide, and a large amount may
have been carried by the mid-Atlantic current to the West Indies.
Some of the pumice material probably reached the islands there and accu-
mulated on the shores (?) The great explosions of Krakatoa in the Sunda
archipelago in 1883 also produced enormous masses of pumice that drifted
great distances over the Indian ocean.

Owing to the expulsion of these masses of salic material from the central
Tenerifan volcano, a lack of support in the substructure of the volcano took
place and the summit collapsed, forming a great caldera, or more exactly,
t wo calderas. One developed somewhat later than the other, and between
the two a ribbon was left standing (the present jagged row of »Los Azulejosy).

As time passed, an infilling process began in the two hollows, with ma-
terial sliding down from the circumwallation. Stagnant water may have
accumulated in the bottoms. The lake surfaces rose to the height of thresh-
olds and an outlet was formed to the west. In this way at least the western
caldera was drained, and perhaps the eastern one was emptied to the north.

The sides of the twin caldera were heavily attacked by weathering and
erosion during a long period of time, and certainly great landslides occurred
here and there along the circumference. Embayments took shape and the
caldera was greatly enlarged.

But later on, perhaps at the beginning of Quaternary time (%), a new
volcanic phase started: a vent was opened inside the western caldera and a
cone began to rise. As time passed, the cone grew to a considerable height,
emitting from its crater salic (phonolitic) lavas, which rapidly filled the
western caldera. In this way Pico Viejo came into existence.

The activity of the cone ended, so it seems, with an explosion and a
small top-caldera was formed in this stratovolcano. Except for a blow hole
left open at the western rim, its bottom was soon filled with lavas.

But another nearby vent developed soon after the completion of Pico
Viejo. The Teide cone began to grow and finally reached a great height
matching Pico Viejo, with its top crater, La Rambleta. Salic (trachytic)
lavas were also emitted from this crater, inundating the entire surrounding
eastern caldera. The cone grew firmly with the older one into a single great
form with two summits separated by a saddle pass.

The latest phase of the Teide activity consisted of the building of a small
cone inside La Rambleta—El Pit6n. This top attained the maximum height
of 3711 m.
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The flood of lavas not only inundated the caldera, but a great amount
spilled down the northern slopes of the island, filling the volcano-tectonic
valley of Orotava down to the seashore. Earlier lavas from Pico Viejo had
found their way down to Icod, farther west, and still other lavas ran in
broad streams to the west coast.

This central activity has now ceased, at least from the two central vents.
A small eruption took place in 1799 from a secondary vent at Pico Viejo
(Chahorra), and a final small eruption occurred at a place more to the west
in 1909 (Chinyero).

Those portions of the twin calderas not filled by lava have been covered
by gravels and sands deposited by running water (Fig. 3).

The evolution sketched in the foregoing closely resembles the history of
Crater Lake in Oregon, U. S. A. (Williams, 1941), except that the old cal-
dera Crater Lake is occupied by water and not by lavas and detritus.

Montafia Blanca, a cupola-shaped trachyte mass covered with whitish
lapilli, has also contributed to the filling process in the eastern caldera.
There are also some later cinder cones that have emitted their share of lava
streams.

Not many other depressions of a caldera nature are to be found in Te-
nerife. The author has covered the entire area but can report only the fol-
lowing calderas: On the south side of the lofty ridge of Cumbre de Pedro
Gil, somewhat above the small town of Arafo (Valle de Guimar), there
is a kind of rounded depression of more insignificant size. It is closed, but
in the south there is a narrow passage down to the Guimar valley. In the
middle of this passage a small cinder cone has grown, having originated in
the year 1705. A lava stream ran down the valley and menaced the town
of Guimar. The caldera may be considered an explosion hollow dating back
to fairly ancient times; a curious revival of the activity is represented by this
small volcano.

There is also a rather important caldera situated in the southwestern
corner of the island, to the north of the small harbour of Puerto Cristianos.
It is called Caldera del Rey and lies at a low elevation at the southern
foot of the lofty Montana del Conde (1 000 m). Its dimensions are 1 500 X
1200 m and in depth it is only about 100 m. The bottom is a cultivated
plain. The sides are steep 30°—40° slopes. The material in the walls con-
sists of a mixture of fine pumice material (brownish-yellow), mingled with
stones and boulders of lava. A rough stratification with a distal dip is per-
ceptible. It is evident that the caldera is of the explosion type. The material
in the walls was deposited at intervals and finally a collapse resulted in the
enlargment of the orifice. The conduit seems to have reached down across
the puzzolane formation and also across various lava sheets hidden beneath
the same region.
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Fig. 4. Topographic map of the island of Grand Canary. 100 m contour interval.
Hans Hausen: Canarian calderas.
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In Tenerife there are several depressions that are not really calderas, but
volcano-tectonic grabens such as Valle de Orotava, Valle de Guimar,
Valle de Guerra and Valle de Segovia (Hausen, 1956). In the literature are
some explanations of the causes of these negative land-forms (Rothpletz,

1889; Bravo, 1954; Hausen, 1956). These depressions will not, however, be
considered in this paper.

GRAND CANARY

This shield-shaped island of 1 532 sq. km has a physiognomy that differs
radically from that of Tenerife, even if we disregard the coastal contours.
Grand Canary is far more dissected than its neighbour. Erosion has had
time to work more continuously and there have also been other forces in
operation dissecting the island into the present insular volcanic »ruin»
(Fig. 4, Plate I).

At first — there is no dominating peak overlooking the island, no large
top caldera in the central highland. Instead, the centre consists of a rather
smooth highland lying above the 1 500 m contour line. From this elevated
ground, a system of barrancos radiates in nearly all directions to the coasts,
so that the general impression is that of an erosion landscape.

Closer scrutiny will, however, reveal several irregularities and also many
forms not brought about by erosion alone. In two of the island sectors, in
the west and in the southeast, there are very deep embayments into the
very core of the central highland, both with relatively narrow outlets. They
are called Caldera de Tejeda and Caldera de Tirajana, respectively. In the
eastern sector there is also a kind of semi-caldera or a natural vamphitheatery-
the head region of Barranco de Telde.

Moreover, plenty of volcanic constructive forms are also to be found in
the island — mostly, however, of rather subordinate size. The northern and
the eastern declivities are especially dotted with adventive cinder cones with
a rather fresh aspect. There is also, in the extreme northeast, a small penin-
sula, La Isleta, that has been formed by a group of relatively young vol-
canoes and later united with the mainland by alluvial sedimentation.

Our chief interest in this connection lies in the two aforementioned »cal-
derasy, which will be briefly described below. We also have in some areas
small calderas evidently of volcanic origin, chiefly, it would seem, of the
maar type. They will also be biiefly characterized.

Calderade Tejeda (Fig:s 5 and 6) is a strange depression, with
its long axis extending east-west. It has not the slightest similarity to a
true volcanic caldera. At first sight it gives the impression of an erosion
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Fig. 5. Topographic-geologic map of Caldera de Tejeda (excl. Barranco de Siberia). White, un-
marked area inside the caldera: old trachytes, dislocated. 1 = trachytes in Alta Vista. 2 = tra-
chyphonolite in Mesa de Acusa. 3 = Roque Nublo agglomerate. 4 = Post-Miocene olivine basalts.
Dark stream to the right: young basalt lava following Barranco de Tejeda. Dotted line: watershed.
Copied from the topogr. map of the island on the scale of 1: 25 000. Long direction: E—W.

landscape with a system of deep gorges that are united farther west to a
narrow canyon that crosses a mountain barrier on the way to the coast.
The basin measures 14 X 10 km. Its depth is at Villa de Tejeda, 1 000 m
below the northern edge (Los Moriscos) and that point lies 1 750 m above
sea level. The area is crossed by a master gorge, Barranco de Tejeda, which
has three tributaries joining from the left, all deep gorges. Between them
there are sharp divides, partly with standing erosional pinnacles. The area
is enclosed by a watershed, except in the west, where the cross-cutting gorge
forms a break.

One may ask how this tremendous abyss is to be explained. Is it really
the sole record of running water in combination with weathering, or have
other geological forces, perhaps of an endogenic nature, also been at work
here?

Looking at the topographic map of the island and especially at the radiat-
ing pattern of barrancos, one must be impressed by the great achievements
of erosioninthis western sector (and also in the southeast: Caldera
de Tirajana). There must have been some circumstances facilitating the
deep erosion.



Suomen Geologinen Seura. N:o 33. Geologiska Sillskapet i Finland. 191

Fig. 6. Northern wall of Caldera de Tejeda as seen from the eastern rim, Cruz
de Tejeda (1500 m above sea level). The thick banks in the precipices consist
of a coarse agglomerate with intercalated lavas (tephrites). Photo H. Hausen.

Judging from the geologic conditions inside the area, it is evident that
the evolution culminating in the present state has been a long process. At
first there was a tectonic subsidence along several fissures, in the north, in
the east, in the south and in the west. A kind of tectonic basin came into
existence. This was to a considerable degree filled with agglomeratic masses,
in parts reassorted by water. The materials issued from vents in the high-
land area. Later this formation was repeatedly covered with basalt lavas
and the bottom of the basin rose. But soon new displacements occurred
and the basin again deepened. A considerable amount of detrital material
then accumulated; water became stagnant here, and an outflow
was opened over the mountain barrier to the west.
This outlet was continually deepened, and drainage inside the basin was
established. The gorges were successively deepened, probably in connection
with a rise of the island in pre-Quaternary time. Remnants of the old
bottoms are still to be seen here and there, as at Mesa de Acusa, Mesa de
Junquillos and El Llanillo. Old terraces on the cross-cutting gorge in the
west are also visible (Presa de las Nifias).

In still later times (Quaternary) new fractures occurred and cinder cones
grew along the borders and inside the caldera.

Caldera de Tirajana, the other spectacular depression in this
island, is of a somewhat different nature (Fig. 7), although the erosion forms
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also in this area seem to dominate the physiognomy. A somewhat caldera-
like limitation is to be found at least on the north side, where the border of
the central highland forms precipices several hundred meters high. Close to
this border rises the highest point of the island, Pozo de las Nieves (1950 m),
a hilltop belonging to the highland ground and cut off by the precipices
in the south side.

The semi-circular shape of this northern part of the depression has led
many investigators to assume the caldera to be of volcanic origin — an
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explosion and collapse caldera. Recently Macau Vilar (1960) advanced the idea
that the caldera is the result of a gigantic collapse as a consequence of a
withdrawal of magma from below the area. This magma was used up by
volcanic eruptions in the surroundings. He considers the depression as a
collapse caldera of a type described by Williams (1941) in his systematic
study of all the calderas in the world. Later on the caldera was enlarged
by landslides.

The present author has devoted considerable time to the study of this
caldera and to all its geologic particulars. He must confess he cannot accept
Macau Vilar’s hypothesis (op. cit), for several reasons. First, in the sur-
roundings there is no such quantity of lavas which could have caused the
collapse of that tremendous hollow. Secondly, there is no closed basin typical
of that kind of collapse. And finally the volcanic beds exposed in the outlet
gorge — Barranco de Tirajana — continue undisturbed northwards as far as La
Rosiana, if not farther. Barranco de Tirajana strikes me as the master canyon
of tectonic origin, and along it erosion has worked back into the highland
block assisted by great landslides from all sides. The slides may have played
a far more important role than Macau Vilar seems to have suggested.

The erosion-landslide hypothesis does not, however, exclude the appear-
ance at some intervals of tectonic displacements in the area. The outlet
barranco Valle de Tirajana certainly of tectonic origin, marks the divid-
ing line between two different formations, phonolites in the west and agglo-
merates and basalts in the east. There were other displacements as well along
the large cuesta in the west, which continues southwards down the length
of Barranco de Fataga.

But fractures inside the caldera were obviously few, as seen from the
absence of cinder cones.

If we now try to follow the development of Caldera de Tirajana from its
beginning as a depression in this sector of the island, we must first consider
the set of fractures that crossed the area and along which displacements oc-
curred. There is a long line or zone running from Degollada de Tirajana in
the northwest in a southeasterly direction with a course coinciding with that
of the present Barranco de Tirajana. It is a very important line, since the
land to the northeast of it has subsided in relation to the land west of it.?
Along the same line (of post-Miocene age?) erosion began to work. The
young, narrow gorge was continually widened and its head migrated back-
wards, and finally a relatively open valley with steep sides was formed. An
early stage of the valley-making process is seen in a very coarse delta fan
in the left side not less than 900—1 000 m above sea level. Lower down,

1 It represents a part of the Bourcart dislocation line that crosses the entire island diago-
nally in the dir. NW —SE. See the map by J, Bourcart (1937).
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opposite Santa Lucia-La Rosiana, there is a broad rock terrace at a level
of about 625 m.

Another fault line, in the west side of the caldera and continuing down
Barranco de Fataga, has opened the way for the erosion of a valley similar
to Barranco de Tirajana. Between these two tectonical valleys stands the
horst ridge Cumbre de Amurga.

Inside this, rectilinear fracture system, which was formed later than the
great basalt lava floods in the east (end of the Tertiary epoch?), the regimen
of exogenic forces continued with erosion, weathering and great intermittent
landslides, all of which are still active processes. At one time, perhaps in
early Quaternary epoch, the Tirajana valley was flooded by olivine basalt
lavas, which came from the left side (the highland border) and filled the
old valley bottom to a considerable height. Later, owing to the rise of the
island in Quaternary time, a young canyon was cut into the fill and lava
terraces were formed. In the middle course of this canyon, strange erosional
pinnacles known as Las Fortalezas have been formed.

The present semi-caldera-like form of the northern part of Caldera de
Tirajana owes its existence primarily to such factors as mechanical disinte-
gration of the outcropping volcanic beds, to springs appearing between the
heads of the sheets in the precipices, and to rock slides. Such a circus-like
morphologic end-result is also a common feature in the Hawaii islands, where
the geologic and the climatic conditions are rather similar.

A good illustration of »circus-making» caused by exogenic forces may be
found in the semi-caldera of Tenteniguada in the eastern
sector of the island. Here is another edge of the central highland, in which
weathering and erosion have created a broad embayment — the head of
the long valley Barranco de Telde. Acute form — elements, a number of vol-
canic necks of hauyne phonolite lavas that reached the surface of the high-
land prior to the opening of the semicaldera, give a special accent to the
mountain scenery.

Besides the afore-described so-called calderas, which can scarcely be
considered of volcanic origin, we have a number of calderas of true volcanic
nature but of quite insignificant dimensions. In the islands such depressions
have received the very adequate name calderetas, the diminutive form of
the word calderas.

The best known of such calderetas in Grand Canary is Caldera de
Bandama (should be Caldereta de B.) 10 km from the capital, Las Pal-
mas, on the east side of the island (Fig. 8). It is only 870 m (max.) across
and 180 m in depth. The bottom is dry and sandy. In the immediate vi-
cinity rises a coke-black cinder cone, Mont. de Bandama, and its lapillis have
slid to the bottom of the caldereta and covered its western wall.
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Fig. 8. Caldera de Bandama, an explosion maar that has perforated the rock

ground consisting of phonolite lavas and agglomerates in banks; the rims

covered by ejecta of stones of salic material. Looking east from the slope

of the recent cone, Montafia de Bandama. Eastern side of Grand Canary,
above Jinamar. From a postcard.

Maucau Vilar (1960) has tried to explain the origin of the small caldera as
the result of a collapse owing to withdrawal of lava from below during the
eruption of the nearby cone. The present author cannot agree with that
conception on the following grounds:

As already shown by von Buch (1825), the hollow in question is fringed
by a rather thick well-stratified mantle of gravels, 7. e., lapilli and stone-
ejecta with a distal dip. These layers cover a basement of ytrachyte» and
some agglomerate or conglomerate. All these layers are of salic composition,
except for a basalt lava sheet in one side. The covering lapilli, etc., demon-
strate that the hollow owes its existence to explosions that carried the salic
material from some depth. The hollow is old and weathered, whereas the
nearby cone is of recent in age. The latter consists of basaltic material,
and it belongs to the generation of adventive cones so common on the eastern
and northern slopes of the island.

To use a collapse theory in this case is not necessary. There are many,
similar cones in the island and not one has such a depression in the vicinity!
Caldera de Bandama may be attributed to the group of explosion maars, a
very fine example, indeed.

The explosions may have been provoked by ascending juvenile gases.
When reaching the ground water table these vaporized the water and now
the joint gases found their way through a diatreme to the surface. A
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complex of salic volcanics was perforated, and ejecta from it settled around
the maar.

Of the other similar calderetas La Caldereta in the central high-
land, a short distance to the north of the cinder cone Los Pefionallos, may
be mentioned. It is a rounded, not very deep depression in a lava sheet of
hauyne phonolite, the sides showing columnar jointings. The bottom is
covered with gravels (lapilli) from the cone nearby and the rims also have
a covering sheet of lapilli of the same origin. In this case, the hauynophyre
lava has been perforated, either by explosion or by collapse, although the
latter seems less probable. The circumstances should, however, be more
closely investigated.

Not far from this point lies another caldereta, Caldera de los Mar-
t eles, close to the eastern rim of the central highland, 1 500 m above sea
level. It has somewhat greater dimensions, the sides varying in height.
The caldereta lies depressed in the left head - arm of Barranco de Guayadeque,
a large canyon with a rather steep gradient that leads down to the east coast.

The situation of Caldera de los Marteles is somewhat complicated. It
is not a depression inside an old rock ground, except in the north and east.
In the south it is barred with a ridge of lapilli in loose condition; in the west
rises a steep wall, which is simply the cross section of a volcanic cone that
stands close to that side.

The author is of the opinion that this caldereta is the result of a collapse
in the cinder cone of which remains still stand at the sides. The bar of lapilli
is the lower part of the original south flank. A collapse has occurred in the
summit of the cone after explosions that ejected the loose material. No lava
stream has been emitted here. The cause of the collapse seems to have been
exhaustion: withdrawal of the clasmatics. The age of this volcano cannot
be great since it is located in the head barianco of Guayadeque that was
formed at the close of the Tertiary period or at the beginning of Quaternary
time. Barranco de Guayadeque is incised into the thick series of post-
Miocene lavas. Hence the caldereta in question differs considerably from
that of Bandama and cannot be classified as a maar.

Pinos de Galdar is a small explosion crater-caldera on the road
between Valleseco and Artenara at an altitude of about 1 450 m. It lies in
the vicinity of a sub-Recent cinder cone, Montanon Negro.

LA PALMA

This northwestern island in the archipelago has an area of 730 sq. km
and is pear-shaped (Fig. 9, Pl. II). Like Hierro, it rises from a rather deep
sea and lies close to the gieat submarine threshold that separates the 4 000 m
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Fig. 9. Topographic map of the island of La Palma with 50 m contour interval. The dotted line
represents the main volcano-tectonic fissure of the island.

Hans Hausen: Canarian calderas.
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bathymetric line from the abyss of the so-called Canarian basin. In spite
of the deep surroundings, the island rises to heights of about 2 500 m (max.
2423 m) in the northern enlarged part. The coasts are mostly steep.

La Palma is well known the world over for its caldera, the so-called
Caldera deTaburiente, arather narrow depression in the midst of
the northern part of the island. This curious rounded hollow, 8 km across
N—S, has been compared with the cleaned kernel of a pear. The caldera
is not closed, but has a deep outlet-gorge, Barranco de las Angustias,
leading down to the sea in the southwest. The caldera is located on the
highest part of the island, and at first glance on the map one is inclined
to think it repiesents a kind of top caldera to a large volcano composing
the whole northern part of La Palma. The differences in height between
the bottom of the caldera and its borders are considerable (max. 1 600 m).
On nearer scrutiny, the caldera offers many irregularities difficult to explain,
and it is no wonder that many geologists since the first visit by L. von Buch
in 1815 have expressed divergent opinions.

The northern and eastern wall of the caldera together form a semi-circle
somewhat damaged by erosion. The eastern wall continues with a curvature
into the southern wall but with a break represented by the broad saddle-
pass La Cumbrecita. The southern wall, of short extension, is only the north
side of Montafia Bejonado (2 000 m) that looks like a tectonic ribbon. The
west side of the caldera is somewhat broken into steps (escalonado), and in
the southwest there is the outlet opening, the narrow beginning of Barranco
de las Angustias. This barranco is walled in on the right side by the very
high escarpment El Time that looks like the immediate continuation of the
western wall. Also the left side of the barranco is an escarpment. It seems
that this outlet has been opened by great fractures extending from the coast
into the caldera.

From the borders of the caldera, the surface of the island slopes to the
sea rather continuously, at least to the west, north and east. To the south
is a long ridge, Los Rancones, which can be followed as a kind of backbone
along the whole southern part of the island and which varies somewhat in
height (many parts reaching the 2 000 m contour line). In the southern-
most part, the ridge steadily decreases in elevation down to the sea.

To the west of the ridge is the El Paso woodland, which may be a tec-
tonic depression. It extends northward to the pass La Cumbrecita as a kind
of highland valley.

Los Rancones may be considered not only as a topographic backbone,
but also as a volcano-tectonic line, for several outbursts have taken place,
the latest one in 1949.

If we now look somewhat closer at Caldera de Taburiente (visited by
the author on three separate journeys), we can first state that this remark-
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able hollow in the highest part of the island reaches down to its old funda-
ment, which consists of decomposed spilite lavas and various kinds of inter-
mediate and basic granular intrusive rock masses. They have been described
in detail by Gagel (1908), and we do not need to recapitulate his results
here. This formation is capped with a very thick mantle of basaltic lavas
and tuffs, the stratigraphic limit being easily perceptible in the steep caldera
walls. A multitude of dikes crosses these rock complexes.

Now we should consider the probable formation of the caldera, one of
the most remarkable in the whole world.

After the interpretation by von Buch (velevation cratem), Lyell (1868)
rejected the idea and recognized the dominating role of running water. Also
Gagel (1908) seems to believe that these exogenic forces may be responsible
for the excavations, since the old basement could offer but little resistance.
Later, the German volcanologist Reck (1928) presented a new explanation
without having seen the caldera himself. He found a more complicated
history of volcanic actions alternating with erosion. I have previously
(Hausen, 1949) considered all his views, and since the paper by Reck is
easily available, we do not need to recapitulate the events he postulated.

Finally, Bravo (1954) has given a short explanation of the caldera based
on field examinations. He is of the opinion that the chief work has been
done by erosion, and the old basement was an easy victim to this process.
A more detailed account will be given in a later publication (according to
a communication in Tome I of his »Geografia general de Canariasy).

On the basis of what he has seen during his visits in the caldera, the
present author cannot deny the fact that tectonic forces have been at work
shattering the kernel of the island. There are at least two important fault
lines that converge into the caldera; one from the south and the other from
the southwest. There are also innumerable fissures filled with magma that
cross the formations in all directions. Great displacements have taken place
along the right side of Barranco de Angustias, where the wall of El Time
now extends. This dislocation opened the way for running water to transport
loose material to the sea. Hence, the excavation work was initiated
under control of fractures. The formation of the amphitheatre head, the
caldera itself, was facilitated by the »rotten» condition of the base-
ment formation (Gagel, 1908; Bravo, 1954). Explosions at any time seem
less probable, as there are no masses of ejecta in the surroundings that may
have belonged to the deeper part of the island now exposed in the
caldera.

In the bottom of the caldera are some higher rocky remnants correspond-
ing to an earlier stage of the downcutting process. In Miocene time the
island lay more than 300 m deeper than now, according to finds of marine
fossils on the side of Barranco de Angustias. The circumference of the cal-
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Fig. 10. Vertical dike plates standing at the northern edge of Caldera de
Taburiente, La Palma. Looking south into the caldera. Photo H. Hausen.

dera has in later times been greatly enlarged, as may be seen from the walls
with their pinnacles of standing hard dike plates (Fig. 10).

In the island there are certain kinds of small explosion hollows or maars.
One of these, called Caldera de San Antonio, not far from Fuen-
calientes in the southern part of the island, was visited by the author. It
is well walled in, lies at an altitude of about 650 m, is 50 m deep and has
a diameter of 350 m. No lava has been emitted from this hollow. It is a
typical maar, formed by explosions; masses of loose ejecta lie around on the
slopes. Among these erratics are both lavas and deep-seated rocks, such as
olivinite. The caldereta was active in the year 1677, and lower down on the
slope a lava stream issued, reaching the sea shore.

Caldera de San Antonio lies on the same volcano-tectonic line that begins
in Caldera de Taburiente and along which the ultimate eruptions took place
(1949).

HIERRO

The small island of Hierro (formerly called Ferro), 278 sq. km in area,
lies in the extreme southwest of the archipelago in a rather isolated position
surrounded by deep waters. Its peculiar shape (Fig. 11, PL III) is chiefly due
to a broad embayment in the northwest — El Golfo. The island is relatively
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Fig. 11. Topographic map with 50 m contour intervals showing the strange outlines of the island, produced partly by
fractures, partly by marine abrasion,

Hans Hausen: Canarian calderas.
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high, culminating at 1 501 m close to the southern margin of El Golfo. The
shores are steep and the precipices facing El Golfo are tremendous walls
about 900 m high. On the other hand, the upper (inner) part of the island
is relatively flat, here and there dotted with cinder cones.

Among earlier visitors to this remote island was von Knebel (1906), who
expressed the opinion that the broad embayment in the northwest, with a
corda of about 15 km, is the remaining part of a former giant explosion
caldera of a large basaltic volcano, which has since been reduced in circum-
ference by faulting and abrasion.

I devoted only a week to excursions on Hierro and have not been able
to arrive at any clear idea about the formation of El Golfo. Since there are
no loose ejecta in the surrounding highland that should have been strewn
around the site of explosions, it seems to me the assumption of an explosion-
caldera is not well founded. It is most likely that a special type of faulting
controlled by a semi-circular set of fractures occurred in the northwest after
the island had been piled up from the deep lying basement. That there are
such faults in the bay at the edge and foot of the precipices is indicated by
the presence of several cinder cones, one of which was visited at the village
La Fronteia.

The former shield volcano of Hierro has suffered not only from the frac-
tures referred to but also from continuous attack by the surf, so that high
sea cliffs have been formed in many sectors.

There are also some small crater-calderas worth mentioning on the is-
land; one is in the vicinity of Valverde and another on the northern coast.
They seem to be small collapse-calderas produced by draining off of the
lavas into the deeper part of the volcanic throat.

The island is apparently quite old, as evidenced not only by the presence
of the Golfo embayment, but also by the advanced stage of the marine
abrasion. Curiously enough, barranco erosion has only slightly affected the
surface.

LA GOMERA

This relatively small island, 380 sq. km in area, has a rounded shape
(Fig. 12, PL. IV) and is a smaller replica of Grand Canary in the west. It is
relatively high (max. 1484 m) and is surrounded by deep waters. The distance
to the nearest coast of Tenerife is only 26 km, and it seems the two islands
had been united in the past.

La Gomera is, in comparison with the other islands, nearly devoid of
volcanic cones or explosion craters, not to speak of volcanic calderas. Its
surface is furrowed by a radial pattern of barrancos that have cut deeply
into the island block, especially on the north side. Much of the higher ground
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is covered with decomposition products. In short, it has all the characteris-
tics of an old island, as is also manifested by the steep abrasion coasts.

To speak of La Gomera in this connection seems superfluous, owing to
the features referred to. Nevertheless, on the windward side there are some
wide valleys, Valle Hermigua and Valle Hermoso, that seem to have a cer-
tain similarity to Caldera de Taburiente in La Palma. Gagel (1925) has
pointed out such an affinity, and he does not attribute a volcanic origin,
as in the case of the caldera of La Palma to these valleys. He considers
them the only result of erosion.

We may briefly describe the main features of these two valleys and their
probable formation. The author visited them during a rather short trip and
many details have not been registered.

Valle Her migua represents a deep embayment in the northeastern
side of the island. Its head is broad but not semi-circular. Erosion has
been vigorous, here and there only a narrow crest separates it from the head
of Barranco de San Sebastian, which opens the way to the east coast. In
fact the ridge is so sharp that a tunnel has been opened across it, for other-
wise traffic by motor-car would be impracticable. Valle Hermigua has a
master barranco that leads to the coast in the north, but it has not exca-
vated the entire breadth. It is of interest to note that landslides have played
an important part here. This phenomenon has been facilitated by the pre-
sence of an old, highly decomposed basement formation soaked with water
on this windward, humid side of the island. We owe to Gagel (1925) re-
cognition of this old formation, which also appears along the north coast.

Valle Hermoso farther west is a rather similar topographic fea-
ture. It likewise has a master canyon incised into the bottom and the head
is again not of the semi-circular shape. Instead, a great rectangular corner
suggests the presence of two sets of fractures along which subsidences may
have taken place. The valley seems to have been cut into soft ground of
pale-coloured phonolites (?), extremely decomposed and disintegrated. This
ground also occurs in the valley walls. Only some necks of trachytes stand
as hard rocks overlooking the scene (Roque del Valle). From the crest line
to the west of the valley I could see that the bottom is divided by a thresh-
old into two steps, which have later been cut by a young canyon.

The weathered older formation appearing in the barrancos of the north
side of the island has seemingly facilitated the excavation of the two valleys.
In other sectors of the island it appears as if a harder basalt formation of
later age has restricted the erosion to a number of narrow, canyon-like bar-
rancos, the longest of which is Barranco de San Sebastian. They all have
their heads in a smooth upland, the remnant of a formerly wider shield-
shaped island surface covered with a thick mantle of reddish brown weather-
ing soil.

26 2192—61



202 Bulletin de la Commission géologique de Finlande N:o 196.

Both Valle Hermiqua and Valle Hermoso formerly had a greater ex-
tension to the north. They are mere rudiments of their earlier shape, for the
incessant marine abrasion has pushed the coastline back and high sea cliffs
have been formed in some places. The shortening of the valleys has also
caused a steepening of the longitudinal profile with the consequence of re-
juvenation of the river erosion. In other directions, the barrancos do not
show any thresholds or young canyons as, far as has been proved; it seems
the erosion of the island has reached a relative standstill. Barranco erosion
here belongs chiefly to an earlier humid period with running water (the
Pliocene uplift ?).

As pointed out, no volcanic forms have been observed on the island, a
rare case in the Canaries. La Gomera is the most conspicuously eroded land
in the archipelago and the oldest of the western islands.

FUERTEVENTURA

This large island, the one of the Purpuraries (or »lslas orientalesy) with
an area of 1 725 sq. km (Fig. 13), differs considerably from the other islands
by its dominating erosion surface (Hausen, 1956). The volcanic formations
that compose its ground are mostly of old age and they have undergone
both mechanical disintegration and chemical decomposition and also den-
udation by running water and by the stormy trade winds. The landscape
has an open desert-like aspect not very different from that of the adjacent
coast land of Africa.

There are both constructive and destructive volcanic forms to be observ-
ed in some parts of the island. These represent superimposed elements in
the topography and indicate a revival of volcanic activity after an extremely
long period of repose, when chiefly exogenic forces had been at work.

There are two main regions with young volcanic forms in Fuerteventura:
one in the extreme north and the other in the middle part of the island.
There are also scattered smaller cinder cones. Many of the younger vol-
canoes have sent lava streams into the surroundings, covering considerable
areas with rugged, blocky and glassy basalts. Several of the larger cones
are of interest, because they enclose top crater-calderas, sometimes of larger
size (depth and diam.), and they will be briefly described here. (For further
details see Hausen 1956.)

There is a great number of volcanoes in the northern region, all cinder
cones of Quaternary and sub-Recent age. They lie in a NE—SW row, and
it seems that Montafia del Faro in the small Isla de Lobos also belongs to
this group. Masses of basalt lavas have flooded a great deal of this part of
the island. Many of the cones have a large top crater-caldera open on one
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Fig. 13. Black areas: Young volcanoes and their lavas. Dashed areas:
basaltic table land. White: old spilites (dislocated). Number refer to occur-
rences of sedimentary rocks.

side, size exaggerated in relation to the cone itself. The bottom of such
a caldera is in at least two cases filled with chilled lava bubbles (Fig. 14).
The material in the walls of the cones may be scoriae, slag and lapilli. Most
of these crater-calderas seem to have been formed by explosions, but a final
phase has comprised a new rise of lavas from the conduit, accompanied by
emissions from the flanks of more lava flows into the surroundings.
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Fig. 14. Caldera de San Rafaél, northern part of Fuerteventura. A cinder cone with a wide
crater-caldera, the bottom of which is filled with chilled lava bubbles. Looking south. Field
sketch by H. Hausen.

All the lavas are olivine-rich basalts, the leading types in the latest stages
of Canarian volcanism. Since these lavas are of low viscosity, the great
explosions may at least in some cases be attributed to contact with basal
ground water and sea water soaking the basement rocks.

The other group of younger volcanoes lies farther south within the broad-
est part of the island. They are of a somewhat different age, however; the
oldest is Caldera de Gairia (461 m), some distance south of Antigua.
This is a stately cone of slag and scoriae with a deep crater-caldera open to
the northeast. From here lavas of olivine basalts have moved to the east,
but huge masses of pyroclastics have also been ejected and settled down on
the south flank. It was an activity of Strombolian nature. The steepness
of the crater walls and the deep bottom speak in favour of a final drain into
the throat. The volcano seems to be of Quaternary age. Its sides are co-
vered with tosca (lime-crust).

The more recent volcanoes in the vicinity are of a rather ordinary kind.
They have sent large masses of lava into the surrounding lowland.

Finally, we should look at the southern appendage of Fuerteventura —
the peninsula of Jandia (wDehesa de Jandiar). It is separated
from the main bulk of the island by a low, sandy isthmus at Matas Blancas.
Jandia is a high and sharp-crested mountain ridge with a maximum height
of 807 m and a total length of 25 km. Its axis runs NE—SW to W in a
slight bow and the cross-profile is asymmetric; the windward side (barlo-
vento) is very steep down to a coastal flat — the leeward side (sotavento)
is more gentle ending in a sandy coast beach. A number of barrancos dissect
the long slope, slightly radiating from the crest line.

This peninsula is mentioned here because it has been considered the re-
maining half of a giant caldera volcano (stratovolcano), the missing part of
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which has disappeared into the sea in the northwest. The chief advocate
of this idea has been S. Benitez Padilla (1945), who stated that the cause
of destruction has been marine abrasion over a considerable time.

The present author must confess he cannot share the opinion about the
former existence of such a gigantic explosion caldera, for he has not been
able to find any traces of this caldera. The great escarpment seems to be
a topographic feature created by faults and modified by subsequent marine
attack and weathering and erosion of the slopes.

As far as supposed explosions are concerned, no traces of the ejecta are
to be found in the broad southern slopes. As I have tried to show in an
earlier paper (Hausen, 1956) the basalt formation in Jandia is contemporane-
ous with the so-called »cordillera orientaly accompanying the whole east coast
of the island. The basalt lavas composing the same have issued from a train
of fissures along the west coast of the island, now hidden by the ocean. This
eastern cordillera and Jandia are the remaining parts of a basaltic tableland
formation that once covered the entire island (and more) but has in later
times been largely destroyed by erosion, so that the subjacent old formation
of spilite lavas has in parts been dismantled.

LANZAROTE AND ALEGRANZA

In the extreme northeast of the archipelago there are some islands of a
certain interest in this connection.

Lanzaiote, 796 sq. km in area, is a »purely volcanic island» (La Isla
de los Volcanes, as it is called in the tourist literature) crowded with
several hundred cinder cones mostly of moderate size, with none dominating
the landscape as a central cone (Fig. 15). True volcanic calderas, if we mean
the type represented by Caldera de las Canadas in Tenerife, are not found
here. Instead, we have plenty of »horseshoe-calderas» in the summits of
many of the larger cones, always with the low rim facing north. Some of
these attain considerable circumferences (Fig. 16). They are all the result
of explosions with the ejection of slag, lapilli and ashes. All the air-borne
material has come under the influence of the strong north to northeast trade
wind, hence the asymmetric form of the calderas.?

But there is also another type of crater-caldera in the summit of the
volcanoes. The best example is to be found in the north of the island in
Montafia de la Corona (610 m). Here is a deep and rounded crater-
caldera open to the north in its upper part, and this one has been formed

1 These wind directions seem to have persisted since Quaternary time.
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Fig. 156. Contour map of the island of Lanzarote with Graciosa, Montaiia

Clara and Alegranza. Some of the crater-calderas are indicated, also some of

the (older) volcano-tectonic lines. Dotted areas in the north and in the south:
old basaltic table-land formation.

not by explosion, but by the draining off of lavas into the throat-interior after
the eruptions had ceased. In the threshold of the northern side one can
still observe the consolidated lava stream that escaped the crater when it
was filled with lava up to this threshold.

A similar emptied crater-caldera is Morro Q ue m a d o in the vicinity
of Magues, not far to the south of the former volcano. This caldera is a
closed form, but lava has escaped through a fissure in the eastern flank and
flooded the valley of Magues. The draining of lava was consequently not
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Fig. 16. A typical »horse-shoe» crater-caldera of clasmatic material surrounded by lava
fields in the region northeast of Yaiza, Lanzarote. Asymmetry due to the trade wind (from
the left). Looking southeast. Field sketch by H. Hausen.

conduced into the interior, but outwards. Somewhat similar is also the
small Caldera de Guatifay at Teguise, farther south. It is like-
wise closed on all sides, but lava has escaped from the south flank.

All these volcanos consist of olivine basaltic material. They differ in
age, ranging from the Quaternary to the Recent period.

One of the latest groups of volcanoes in the island, Tinguatén, (erup-
tions 1824) also has a kind of crater-caldera, the bottom of which shows
empty vertical shafts, from which hot water issued after cessation of lava
emissions through an opening in the north wall (Hausen, 1959).

At last we must consider the small island of Alegranza (12 sq. km)
lying to the north of Lanzarote and resting on the same submarine shoal that
surrounds both Graciosa and Lanzarote. Alegranza, briefly visited by
the author, is of interest because of its large caldera on the west coast, call-
ed simply La Caldera (289 m). It has a diameter of about 1 200 m and
is closed. During rains there is a shallow lake in the bottom. The walls
consist of basalts, whether lava or clasmatica I do not know, since I only
passed by on the east side. It looks, however, as if the encircling wall is
composed of slag and lapilli because there is an abundance of such materials
in the southern surroundings. Most likely the caldera is of the explosion
type and is of rather old age, as can be seen from the achievements of
marine abrasion on the west side, where precipices 200 m high have been
formed.



208 Bulletin de la Commission géologique de Finlande N:o 196.

The very insignificant islote Roque del Este lying between Lanza-
rote and Alegranza seems to be the remnant of a tuff caldera, almost com-
pletely destroyed by marine abrasion.

Now we have ended our wanderings in search of calderas in the Canaries,
and have found a great number of depressions partly of volcanic nature,
partly not, or perhaps only to some degree. The chief work has been done
by exogenic forces. There is in fact a bewildering multitude of types both
in size and shape and also in age and state of preservation. It is a difficult
task to find plausible explanations as to the mode of formation of them all,
as already pointed out. A scrutiny of the existing geologic literature suffices
in itself to give the »calders question» an air of mystery. In the next chapter
we shall devote some pages to classifying all the types met with in the is-
lands according to shape and mode of formation.

AN ATTEMPT AT A CLASSIFICATION OF THE CALDERAS ACCORDING
TO FORM AND GENESIS

If we first consider the group of true volcanic calderas with
better preserved original forms, at least with regard to circumference, we obtain
two subcategories: large-scale explosion-collapse-calderas and small sink hole-
explosion-calderas. There seems to be only one representative of the former
category in the Canaries- that of Caldera de las Canadas in Tenerife. Only
its eastern and southern walls have been preserved, whereas in the north
some short segments are to be found. In the other directions younger lavas
cover the rim completely. Nothing is to be seen of the bottom, the caldera
has been filled up to the thresholds and a new volcanic form has grown
inside it.

We have several types of the second sub-category. First there is a kind
of sink-hole, smaller collapse-caldera without any visible traces of explosions
(although there are some dubious cases). Arafo in the east side of Cumbre
de Pedro Gil, Tenerife, is such a caldera. There is also Caldera de los Mar-
teles in Grand Canary, although it seems the depression originated in a cone,
the summit of which seems to have collapsed after explosions exhausted
the throat. La Caldereta on the same central highland also seems to belong
to this group of explosion and collapse.

Then we have types of phreatic explosion calderas (calderetas) without
any cones. They can be designated as maars. A fine example is Caldera
de Bandama in Grand Canary.

Another type includes the summit-crater-calderas in cones of slag and
lapilli. Lava seems to have filled the throat but later on it was drained back
into the depth. La Corona in Lanzarote is an illustrative example.
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Further there is the type of »horse-shoe» calderas (craters) enclosed
in larger cinder cones. They are either empty or the bottom is filled with
lava bubbles (Fuerteventura). The asymmetric form of the cone is due to
the prevailing wind (F. and Lanzarote).

There are also non-volcanic calderas, large depressions with
outlet-barrancos and semi-circular (amphitheatre) heads. They seem to have
originated in a sector of an island previously shattered by fractures. In
these cases, weathering has deeply softened the rock formations. Great land-
slides along the flanks have worked hand in hand with the erosion by runn-
ing water and spring action in the precipices. These calderas are of great
dimensions, and inside they have the aspect of rough erosion landscapes.

A special tectonic type seems to have originated by semicircular
faults and segmental displacements, opening wide embayments in the island
block. A prominent type is El Golfo in Hierro, but there are also some other
islands with embayments of a tectonic nature such as the NW: coast of
Grand Canary. The fractures are accompanied in parts by young cinder cones.

Pure erosion valleys with broad heads are found in
La Gomera on the windward side, where the rock ground has suffered from
intense weathering, and therefore offers little resistance to erosion. Here
land slides have also taken place, widening the valleys. These forms are not
really »calderas», although there is a certain transition to the type represent-
cd, for instance, by Caldera de Taburiente in La Palma.

If we now take all the cases under a common glance, we may state
that the more apparent negative forms in the configuration of the islands
are the erosion valleys and — depressions. With the younger cones, when pre-
sent, they dominate the landscape panorama. Only Caldera de las Cafadas
in Tenerife is an exception: its magnitude is sufficient to give a special stamp
to the island in question. All the crater-calderas that are very numerous
and widely distributed (especially in the eastern islands) are relatively small
and mostly hidden inside the cones.

The famous Caldera de Taburiente in La Palma is, in fact, also of the
category of the narrower calderas, at least in relation to the circumference
of the island itself. It is the depth of this caldera that makes it
distinctive; an infilling process, as in Caldera de las Cafiadas in Tenerife,
has not taken place.

Classification of the Canarian calderas

Examples

1. Volcanic caldera, in the proper sense, Caldera de las Cafiadas, Tenerife.
formed by explosions and subsequent (Really a twin caldera)
collapse and embayments.

27 2192—61
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2. Smaller collapse calderas.

. Smaller calderas formed by phreatic
explosion and subsequent sink.

. Crater-calderas in the summit of cones
formed by withdrawal of lavas down
the throat.

. Crater-calderas of horseshoe form in
cinder cones of larger dimensions.

. Erosion and landslide calderas formed
in fault-dissected parts of the island.
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Caldera de los Marteles, La Cal-
dereta, Gran Canaria; Caldera de
Arafo, Tenerife.

(Caldera de Bandama, Grand Ca-
nary; Caldera de S. Antonio, La
Palma; Caldera del Rey, Tenerife.

Caldera de la Corona, Lanzarote;
Caldera de Gairia, Fuerteven-
tura; Caldera del Pico Viejo,
Tenerife.

Several cones in Lanzaronte and
Fuerteventura.

Caldera de Tejeda and Caldera de
Tirajana, Gr. Canary; Caldera de

Taburiente, La Palma.

7. Amphitheater calderas (semi-calderas) El Golfo, Hierro.
produced by semi-circular faults on

an island slope.

8. Erosion and land-slide calderas. Valle Hermigua and Valle Her-

moso, Gomera.

CALDERAS AS A GENERAL PHENOMENON IN THE MACARONESIAN
INSULAR AREA

By the expression Macaronesia is meant the assemblage of archi-
pelagoes strewn over the vast surface of the Mid-Atlantic ocean in the middle
and low northern latitudes, or down to the 15°N parallel. These archi-
pelagoes are: the Azores, Madeira with Porto Santo and Desertas, Selvagem
(Grande y Chico), Canary Islands and the Cape Verde Islands farthest to
the south. They are not oceanic islands in a proper sense since they all lie
on submarine socles. The Azores are on the Mid-Atlantic ridge, Madeira
and Selvagem lie on ridges connected with Africa, and the Canary and the
Cape Verde islands are on the continental slope.

In all these archipelagoes, calderas are a fairly common phenomenon;
they are a part, so to speak, of the volcanic nature of the islands. But there
is, of course, a wide range of types and sizes that cannot be fully understood
until a general survey of them has been made. The best formed calderas
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(caldeiras) appear to be in the Azores, and these were admirably described
a hundred years ago by Hartung (1860) in a great work provided with ex-
cellent panorama pictures. Also the great caldera in Madeira, Gran Curral,
has been described and illustrated by the same author (Hartung, 1864).
Later Gagel (1913) filled out our knowledge of Madeira in connection with
his study of the La Palma caldera. As far as the Cape Verde islands are
concerned, Friedlaender (1912) has given a fairly full account of the calderas
in this region. Of more recent literature on Macaronesian volcanoes and
calderas there is the well known compilation by von Wolff (IT 1931).
Lately an interesting study in the Azores has been published by Krejci-
Graf (1956). A general discussion of the calderas in Macaronesia will lie
outside the present scope. It should only be stated that the Tenerifan
type of Las Cafiadas with a central peak reappears in several of the archi-
pelagoes, and calderas without a central cone also occur. Besides, there are
many »calderasy of non-volcanic or of volcano-tectonic origin.
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ON THE GLACIAL GEOLOGY OF THE HAMEENLINNA REGION,
SOUTHERN FINLAND?

BY

K. VIRKKALA

Geological Survey of Finland, Otaniemi

ABSTRACT

The movements of the continental ice sheet are described according to the evi-
dence provided by striations and till fabric. Dealt with in addition are glacial forms
met with in the area explored, including drumlins, moraine ridges (end moraines),
eskers and marginal stratified drift. The last-mentioned formations belong, as parts,
to the Second and the Third Salpausselkd. During its retreat, the ice sheet behaved
in different ways in different zones and sectors.
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PREFACE

The present study is based on the mappings of surficial deposits carried
out by the author since 1952 in the surroundings of Hameenlinna, principally

1 Received March 3, 1961.
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Fig. 1. The Hiameenlinna region investigated, its map sheet division, location in southern Finland
and the place names mentioned in the present study.

in the region south of the town. The mapping operations proper have been
performed in the area included in the topographic map sheet 1 : 100 000
of Hémeenlinna (No. 2131) and which in the following will be referred to as
the Hameenlinna Region.

The most interesting formations in the area under study are the Second
and the Third Salpausselki, fragmentary parts of which are met with in
various localities. Previously, the Salpausselkids in the region had been
described by Leiviskd (1920). Since the appearance of Leiviskéd’s extensive
work, new Finnish topographic maps have been published on a scale of
1:20 000, which has considerably facilitated following the Salpausselki
formations in the terrain. More recently, Okko (1957) has published a study
dealing with the rather small area of Jylisjirvi, which borders directly on
the northeastern corner of the Hédmeenlinna region.

Figure 1 shows the area investigated, its map sheet division and the
place names mentioned in the present study.

In addition to the author, the following persons have carried out mappings
of surficial deposits in the area: Mr. J. Ahtiainen, M. A., Dr. R. Kanerva,
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Fig. 2. The striations and till fabric in the region surveyed. 1 = trend of striations, 2 = trend of
striations together with intermediate values, 3 = trend of erosion facets, 4 = preferred orientation
of stones in till.

Mr. K. Korpela, M. A., Mr. P. Oivanen, M. A., and Mr. R. Tynni, M. A.
I wish in this connection to express my appreciation of their conscientiously
performed work.

GLACIER MOVEMENTS ACCORDING TO THE STRIATIONS AND
TILL FABRIC

According to the striations, the strongest erosion direction in the Hameen-
linna region was, on the whole, from northwest to southeast (Fig. 2). In the
western part of the area, the direction tended to turn slightly toward the
west-northwest. Some three-quarters of the striae observations fall between
azimuths 295° and 325°. Certain deviations from the prevailing erosion
trend are, however, to be noted.

In the locality covered by the Hyrvild map sheet, striae have been met
* with to the south of both Takajirvi and Lehijarvi which exhibit approxi-

28 2192—61
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b

Fig. 3. Two fabric analyses from the till section at Aulanko. Analysis « is from a depth of about
11 m, b {rom a depth of about 6 m. At bottom of section is bedrock, on which the trend of the
striations is 260°.

a

mately a westerly trend. In the latter locality the westerly striae occur
together with northwesterly ones as crossing striae, but it has not been
possible to determine their relative ages.

Certain other observations regarding the westerly erosion direction have
also been made. On the shores of Kanajérvi and Pukaronjarvi, in the Vuohi-
niemi map sheet, westerly striations have been observed in a couple of
places. Similar observations have been made, furthermore, on the northern
side of the town of Hameenlinna, along the road leading to Aulanko, as well
as at Janakkala, at the northern end of Kernaalanjirvi. In the Kaloinen
sheet, westerly striae occur on the eastern shore of Leipijarvi as well as on
the southwestern side of Ruokojirvi, at Renko.

Judging by the striations alone, it is difficult, however, to tell whether
this westerly erosion trend should be interpreted as an independent glacier
movement or whether it signifies only a temporary and local change in
direction from the northwest-southeast flow of the ice sheet.

The same trends appear in the till fabric as in the striations. A north-
westerly trend is commonest in the till fabric, too. Of the maxima of Fig. 2,
seventeen observations reveal a northwesterly trend. But, in addition, a
westerly orientation has also been met with in the till fabric — and even
more distinctly and abundantly than among the striations. As many as
seven fabric analyses indicate deposition of till that had taken place from
the west; particularly clear are the fabric analyses made north of Hémeen-
linna and along the shore of Leipijédrvi. The former observation was made
from the same pit at the bottom of which westerly striations were also met
with. The upper part of the till bed, with a depth of about 11, meters, has
an admirably clear till fabric (Fig. 3 a). On the other hand, the fabric in
the lower part of the till is indistinct, or no trend whatsoever can be perceived -



Fig. 4. Till overlying on surface of glacio-

fluvial drift on the Second Salpausselki, on

the eastern shore of Leipijarvi. The till exhibits
a weak laminated structure.

(Fig. 3 b). The deposition of the till and the final erosion of the bedrock
thus plainly took place here from the west.

The analysis indicating the westerly trend of the shore of Leipijirvi was
made from the summit of the high ridge belonging to the Second Salpaus-
selkd. The ridge consists for the most part of sorted glaciofluvial gravel
and sand. Even at the top of the ridge, the surface layer, measuring nearly
two meters in thickness, consists of predominantly fine-sandy till, which,
partly laminated in structure, had obviously been thrust on top of the
sorted material from the west (Fig. 4).

Judging by the strations and the till fabric, the last local oscillation of
the ice sheet took place, on the whole, from the west. The same kind of
conclusion was previously reached by Sauramo (1929), too, in writing:
»In Central Finland, Héme, the margin readvanced on a wide front for more
than 10 kilometers, as appears from the great disturbances in the varved
sediments.»

Sauramo ran across disturbances in the varved clay in three places in
the commune of Hattula, north of Himeenlinna. In connection with map-
ping operations performed in the area, similar disturbances have been met
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with, in addition, south of Lehijirvi, in the village of Nihattula, as well as
in the railroad yard of Himeenlinna Station. Disturbances have also been
met with in certain places in the glaciofluvial material, possibly caused by a
local advance of the glacier. One observation was made on the southwestern
shore of Katumajirvi. Violent disturbances had completely demilished
the original stratification in this locality, but no till has been encountered
overlying the glaciofluvial material. Similar disturbances have been observed
in the area of the Tervakoski mills as well, providing further evidence of
a glacial advance. Sandy till overlies the disturbed sorted material in this
area to a depth of some 1 1/2 meters. A comparable observation has been
made, in addition, a couple of kilometers to the northwest from Tervakoski.

GLACIAL DRIFT

The glacial drift in the area may be classified on the basis of whether
the material is sorted or unsorted. The former includes all the glaciofluvial
formations in the area, while the latter consists of till. The glacial drift
may also be classified according to whether its forms have any particular
trend or not. In the former case the morphological trend conforms to the
prevailing movement of the ice sheet or then runs perpendicular to it. In
the latter case, the glacial drift is either lacking in forms of its own, like
the ground moraines, or its forms lack any set trend, as evidenced by the
ablation moraines. '

TILL

Till comprises almost the exclusive component of ground moraines,
which predominates among the till formations in the area. Moreover, till is
the prevailing material in drumlins and in moraine ridges running parallel
to the glacial margin, besides occurring to some extent in a washed state in
ablation moraines. All told, till deposits cover forty percent of the land
area under investigation. Actually, they are present on a considerably
larger scale, for they are also met with in most cases underlying younger
surficial deposits, such as littoral accumulations, clay and peat. In different
parts of the region, the amount of till varies, however, to a great extent.
Whereas in the areas covered by the Hameenlinna, Turenki and Tervakoski
map sheets, for instance, it accounts for thirty-five, thirteen and thirty-one
percent, respectively, of the land area, the corresponding percentages for
the Vuohiniemi, Hyrvild and Harviala map sheets are fifty-six, fifty-two
and fifty-one percent.
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Fig. 5. Till with vertical schistosity in the Ahoinen map sheet.
The majority of the elongated stones lie in a vertical position.

The ground moraines in the region lack surface forms peculiarly their
own. Their topography is wholly determined by the morphology of the
local bedrock. This is due mainly to the fact that the thickness of the till
in the ground moraine localities is very slight. It appears to average only
between three and five meters.

The till of the Hameenlinna region exhibits relatively few structural
features. In places there occurs till revealing a weak laminated structure
(Fig. 4), as described by the present author previously from eastern Finland
(Virkkala, 1949). In the area of the Ahoinen map sheet, vertically schistose till
has been observed in a certain section, with even the stones lying in quite a
vertical position (Fig. 5). Such a structure evidently was created during
the melting stage of the ice, when watery drift oozed up from underneath
the ice into a crevasse (Hoppe, 1952). A flamy structure (Virkkala, op. cit.)
has further been noted to occur to a slight extent in the local till (Fig. 6).

The most characteristic feature of the mechanical composition of the
till is its wealth of boulders, cobbles and pebbles. Quite prevalent are the
pebbles, especially large ones, which are consequently all the more abundant;
and generally they are angular and uneroded. Especially in the surficial
parts of the till deposits and on the very surface of the ground, the content
of boulders and stones is highest. To some extent this is due to secondary
factors, the washing effect of waves and the tendency of ground frost to
lift stones toward the surface. But primary factors can be cited, too. Sur-
face stoniness is often most marked in places where the till cover is thin
or where there are rock outcrops in abundance. The surface stoniness of
the ablation moraines is further due to the fact that the finest material was
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Fig. 6. Indistinet and folded sorted lenses in till exhibiting a flamy structure.

the first to become released from the melting ice, whereas the boulders and
pebbles broke loose last and accordingly were deposited on top of the till.
Some of the surface boulders occurring in till may, in addition, be material
borne by ice floes.

The commonest component of the finest material in the till, i.e., that
measuring under 20 mm, is sand. Of some fifty samples studied to determine
their mechanical composition, sandy till accounted for 67 percent, gravelly
till for 12 percent and fine sandy till for 21 percent. Silty and clayey till has
not been met with in the region. Figure 7 presents certain cumulative
curves illustrating the till as well as the average grain size composition of
fifty till samples. According to the curve depicting the last-mentioned, the
mean grain size of the till in the class of material measuring under 20 mm
is 0.4 mm.

An extraordinary type of mechanical till composition has been observed
in the zone of the Second Salpausselki and its vicinity. The spaces between
the characteristic, angular till stones are filled with sorted fine sand and
sand, with the finest grain sizes almost totally lacking (Fig. 7, Curve 1).
It is obvious that the sorting of the material between the stones took place
in part already during the sedimentation stage of the till, when the melt-
water trickling out of the frozen drift washed the finest fractions out of the
till. In part, again, it is possible to conceive of this type of till having orig-
inated in such a way that during the period of subglacial sedimentation
stones had dropped out of the ice into the sorted material.
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Fig. 7. Cumulative curves for the till in the Hdémeenlinna region. The thick line
represents the average mechanical composition of approximately fifty till samples.
1 = Salpausselkd till, Turenki, 2 = material of a small end moraine, Renko, 3 =
fine sandy till, Tervakoski, 4 = material of a small end moraine, Lastujirvi, 5 =
gravelly till, Hiameenlinna, 6 = fine sandy till, Rehakka, 7 = sandy till, Vihikkila.

ABLATION MORAINE

The till lacking a morphological trend not only appears as a thin ground
moraine cover but also exhibits surficial forms of its own. Especially in the
western part of the Hdmeenlinna region, moraine hummocks are charac-
teristic of extensive areas (Fig. 8). They are usually between five and fifteen
meters high (Fig. 9), with kettle-like hollows situated in between them,
though in most cases the depressions are only more or less open and indefinite
in form. In places among the hummocks there are small ridges whose trend
varies or corresponds to the prevailing direction of the ice movement.

Ablation moraines are typical representatives of dead ice, i.e., they are
forms created by ice slowly melting in place (Hoppe, 1952; Lundqvist, 1937;
Tarr, 1909). The ice had contained an abundance of unevenly distributed
drift, and it was the melting of the fragments of ice covered with this drift
that brought about the turbulent surface topography (Fig. 10).

Although individual moraine hummocks usually lack a morphological
trend, extensive areas featured by ablation moraines often tend to stretch
out as elongated zones running parallel to the most conspicuous direction
of the movement of the ice sheet (Fig. 8). This feature is most plainly evident
in the southern part of the Vuohiniemi sheet.

Among ablation moraines one meets in places also with hummocks and
short ridges composed of sorted drift. They are mostly situated along
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Fig. 8. Moraines in the Himeenlinna region. The indefinite black figures indicate ablation morain-

es, met with especially at the western edge of the region. In the middle is situated the drumlin

field of Renko-Alajéirvi and in the eastern part are numerous end moraines, both large and small.
Scale ca. 1: 320 000.

Fig. 9. A large moraine hummock sitnated in the ablation mo-
raine area in the northern part of the Vuohiniemi map sheet.
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Fig. 10. A detail from the ablation moraine area located in the Vuohi-
niemi map sheet. The ruled lines represent bogs, the space between the
elevation curves is 5 m, scale 1: 20 000.

extensions of long, continuous esker chains. In the area of ablation moraines,
the eskers regularly end or at least break off and lose their form.

For the most part, the material of the ablation moraine hummocks
consists of till. ‘It is not, however, the same kind as the till met with in
areas of ground moraines but is usually more or less washed. It contains
fine grain sizes only to a very slight extent; on the other hand, its material
is characterized by an abundance of pebbles and boulders. The degree of
washing is highest particularly in those parts of ablation moraines that are
situated in the extensions or vicinity of esker chains. There it may be
observed how gradually the washed till changes into distinctly sorted and
stratified glaciofluvial drift.

Ablation moraine areas of slight extent are to be found outside the
western part of the Hameenlinna region. They are situated mainly in an
exceedingly fragmentary belt a few kilometers wide, which extends from

29 2192—61
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the southwestern part of the region to its northeastern corner (Fig. 8). The
largest continuous moraine hummock area in the belt lies a few miles east
of the church of Renko. A couple of small ablation moraine areas are also
known in connection with the Second Salpausselkd, being located west
of Tervakoski. Here and there in other places, too, ablation moraine hum-
mocks or small groups of hummocks occur.

Ablation moraines are limited in the main to the supra-aquatic level or,
at any rate, to areas that at the end of the Ice Age have been covered only
with shallow water.

GLACIAL DRIFT PARALLEL TO THE ICE MOVEMENT

The glacial drift conforming to the movement of the ice sheet consists
either of till or of sorted material. The former includes the drumlins, the
latter the numerous eskers occurring in the region.

THE DRUMLINS

Drumlins occur in relative abundance in the area lying between Alajarvi
and Renko, where dozens of them are to be run across (Fig. 8). Many of
the drumlins have the character of rock drumlins, whose form and trend
have been more or less clearly determined by the local bedrock and its
fracture lines (Simonen, 1949). Included, however, are true drumlins, which
consist wholly of till. On the basis of outward appearance it is often impos-
sible to decide in which group a drumlin belongs. Solitary drumlins are met
with here and there in other parts of the region as well.

The majority of the drumlins, however, lack any distinctive forms, as
compared, for instance, with many other drumlin areas in this country.
In some cases, the terrain reveals rather a more or less clear trend than
being characterized by true drumlins. Among the formations, however, are
numerous quite distinct drumlins. Most commonly, the drumlins have a
fairly gentle slope, amounting to ridges five to ten meters high and from
100 meters to a kilometer long.

The drumlin area is fairly clearly demarcated. Its southeastern margin
is bordered by an esker extending from the church of Janakkala in the
southeast. Having reached the drumlin area, the esker abruptly terminates
and appears on the southwestern shore of Alajiarvi in the guise of just a few
slight glaciofluvial occurrences. On the northwestern side of the drumlin
area, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>