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30. On the S~RATIOr,,~V~" a~cl ST~cc'rv~ of the T,~NTnAL MASS 

(TYnot~). :By ALFllED lPRI;~'TICI.: ]-0C~-6, Ph.D., F.G.S. (l(ead 

5Iay 6th, 1908.) 

T ~  Tarnthaler KSpfe are an isolated mountain-mass in the north 
of the Tuxer Alps. The appended sketch-map (fig. 1), together 

:Fig. 1.--Slcetch-map of the Tc~rnthaler KS)f~. 

Heights are indicated ~ ~ 

~ \ \ \ ~ ' -  -\',\\,'~S 
1 \  \ \ \ ~ - % - ~ : ~ - , \ - . . \  \ x ) ~  . \ ,  ~ .  

~ B e d d e d  ~ Band with ~-~-~Unstratified Dolomitic Masses 
Limestones Dolomltie Breccia b~\~xx.'~! and Calcareous Schists 

~ E i s e n d o l o m i t  ~ S e r p e n t i n e  ~ G r e e n Q n a r t z i t e s  & Altered Schists 

[Scale: 1 ~75oo' or 2"666 centlmetres = 1 kilometre.] 

with the sections (figs. 2 & 3) copied from Pichler and Rothpletz, 
affords a general idea of the geographical distribution of the rocks 
of which the mass is composed and the vertical section of their 
arrangement in the mountain-mass itself. 
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The s t ra t ig raphy  of the mass has been very differently in te rpre ted  

by various investigators.  Their  views wil l  be found in the  pa[~ers 
noticed below.  

Fig.  2.~Section taken.f'ro~n that puDlisked !,y A, Pickler 7n 
ZeTtschr~ft des Ferdinaitde~r_m~,, se'r. 3, })t. 'viii ('1<q59) ProJT1 x,vviii,. 

Tarnthaler Kbfel 

8 = Thonglim merschiefer (mica-schists). 

12=Kalk & kalksehiefer des Lias (Liassic 
limestones and ealc-schists). 

13=]3unte Schiefer (mottled 
slates). 

14=Ophiealeite and serpentine. 

Adolf P ieh le r  ~ in 1859 supposed the  sequence of s t ra ta  to be 
normal  th roughout ,  the  capping mass of serpentine being t r ea ted  
as a sed imenta ry  rock. l i e  enumera tes  the  following fossils, found 
in a grey l imestone in place :--Bele,mnites, Pentacrinus, Gervillia 
injlata, LiUwdendron, .Rhynchonella. The whole mass of dolomite,  
wi th  the  calcareous schists above it, is shown in his seetion as Lias,  

in  which  formation the  au thor  includes the l~hat ie .  

' Quersdtnitt durch die Ost-A12)en' St~ttyart, 1894. 

R6ckner 

Oberer See 

= Serpentine. o = Ophiealeite. 

~, = Kalkplatten (flaggy lime- [; = KSssen :Beds. 
stones). 

I n  1894 Prof. A. I{othpletz 2 announced  a fu r ther  discovery of 

:Rh~etie fossils in this loeality--Terebratula yreyaria, Modiola 

':Beitr:~ige zur Geognosie Tirols' Zeitschr. des Ferdinandeums, ser. 3, 
pt. viii, pp. i-viii, 1-232, with map & 29 sections. 

' Ein geologiseher Querschnitt durch die Ost-A1pen' p. 75. 
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minuta, and severM others. The igneous character of the serpen- 
tine is recognized ; but  otherwise the descriptions and sections seem 
to assume a normal and continuous succession of beds, from the 
Triassic dolomite below to the yom~gest ' Kalk- thon '  and Wetz- 

sehiefer above. 
In  the same year Dr. F. E. Suess ~ published the results of his 

own studies in this region. The serpentine and quartzite-schists 
are held to be older than the calcareous schists and dolomites, and 
it is supposed that they were brought into their present position by 
a thrust  or long fold with a push towards the north ; the beds below 
the thrust-plane are held to be in normal sequence. 

In  1903 appeared Prof. Termier's" paper on the structure of the 
Eastern Alps. The author accounts for the presence of these rocks 
by means of one or more recumbent folds (nappes ) ,  the roots 
( r a e i n e s )  of which are to be sought in the region of the Zillcrthal 
Alps. 

in  1905 appeared Prof. Frech's ~ work on the structure of the 
Central Alps of Tyrol. He adopts the explanation of the structure 
of the Tarnthal mass already given by Dr. Suess. 

])]~sc]~[~$io~r OF THE I~OC];S Or" TUE TAR~THAL ~[XSS. 

The whole of the lower ground of this district, over a wide area 
to the west and south of the mountain, is occupied by calcareous 
schists, the ' :Brenner Schiefer.' These rocks reach up to the floor 
of the great cirque, at a level of 2100 metres above the sea on the 
western slope of the Tarnthal  mass. From this point a continuous 
section is exposed up to the summit of the 'Nederer , '  marked 
2758 m. on the ' Generalstabskarte.' 

The series commences with a massive dolomite, usually identified 
with the ' t Iauptdolomit . '  This rock shows no bedding-planes;  
it covers the slope for the next  330 metres (1082 feet). 

Above this rock, and resting upon the dolomite at the level of 
2480 metres, is the bedded limestone, the probable source of a 
fossil which I found on the slopes below, apparently of Liassic age. 
These cliffs must also include the site of the Rh~etic fossils dis- 
covered by Prof. Rothpletz. The beds dip north-eastwards at an 
angle of about o0~ The softer bands of the rock appear to have 
been affected by shear ing;  the fossils also present evidences of 
distortion and faulting ; but the more massive bands cannot have 

been very much disturbed. The thickness of these inclined beds 
is estimated at 15 or 20 metres (50 to 65 feet). 

1 , Das Gebiet d, er Triasfalten im l%rdosten der Brennerlinie' ;lahrb. d. k. k. 
Geol. Reichsanst. vol. xliv, p. 589. 

2 , Les I~Ialopes des Mpes OrientMes & la Synth~se des Alpes' Bull. Soc. C~6ol. 
France, ser. 4, vol. iii (1903) p. 711. 

3 , Ueber den Gebirgsbau der Tiroler Zentralalpen' Wissensch. Erg~nzungs- 
hei'te zur Zeitschr. des D. u. (J.A]penvereins, vol. ii, pt. i. 

June 22, 2016
 at University of Helsinki onhttp://jgslegacy.lyellcollection.org/Downloaded from 

http://jgslegacy.lyellcollection.org/


Vol. 64. ] s,ri~ccxc~u o~, 'rLt~: 'ral~'rmtL ~taSs. 599 

Between these limestones and the conspieuously-foliated calca- 
reous schists above them is a tolerably well-marked line of division, 
which is probably of significance as regards the interpretation of 
the tectonic relations. In  passing from the bedded limestones to 

Fig. 4.--s from K, mppe~dc~wl~el to the 
3u sttm~mit. 

Difference Height above Sea-level 
in Metres in Metres 

Nederer 

....... 7 3  
quartzites. 

1)olonfitic 17 5 
breccia. 

sehist;s. 

Bedded 
lime~toaes. 4 ~ 

~Iassive 330 
dolomite. 

2505 Level of the lcmest: 
lM~e, Lower Tam- 
thai. 

Floor of the cirque, 
' Knappenkuehe]: 

the calcareous schists 
there is no marked 
change of dip; and 
some thin bands of 
solid limestone ap- 
pearing at intervals 
in the schists may be 
taken to show that 
the plane of bedding 
here eoineides ap- 
proximately withthat  
of foliation. 

Still higher up the 
steep slope, on the 
right bank of the 
Lower Tarnthal,  is a 
very irregular band 
of massive dolomitie 
rock, freely traversed 
by quartz-veins and 
containing masses 
of closely- cemented 
breccia, the " dole- 
mitie breccia,' In  
this zone the effect.s 

of shearing and crushing are displayed at their highest. Softer bands 
of the rock have taken on a platy structure simulating bedding, and 
are seen winding through and round the harder masses in directions 
which bear no relation to the dip of the schists. Otherwise the 
rock has shown itself to be singularly tenacious, and to have resisted 
the shearing forces by which it  has been kneaded into the more pliant 
schists. The breecia is quite undistorted; in the arrangement of 
the fragments no one direetion is predominant? Some fragments 
seem to show the original bedding of the rock from which they are 

derived. 
The schists are continued above the dolomitic breceia ; they become 

richer in micas--bands and lentieles of green schist appear among 
the grey. At about 2700 metres without sensible break the reeks 
begin to take on the characters of the erystalline schists. These 
inelude the g reen '  Tarnthaler  Quarzit-Sehiefer,' the 'Wetzste in-  
nnd Daehstein-Schiefer,' which occupy the summit-ridges of the 
Nederer and the Sonnenspitz. The green rocks are dense quartzites 
of exceedingly fine grain like that  of a chert, or hornstone. By 
bite addition of abundant minute plates of chlorite in parallel 

Dr. P. E. Suess, however, notes distortion in the fragments of a similar 
breccia at. the IIippold Joeh. 
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arrangement, and of tourmaline, they approach in character the so- 
ealled ' older phyllites,' from which they are distinguished by their 
finer grain. [['he induration and the flue puckering of some calca- 
reous rocks associated with this group are no doubt due to contact- 
alteration by the neighbouring igneous reeks. 

Dark red quartzitic reeks are tbund in several places, along with 
the green schists. 

The green quartzitio reeks often exhibit sharp little folds marked 
by thin mineral bands, which may indicate the original bedding- 
planes. A strong southerly dip, due to foliation, predominates over 
the whole of the Upper Tarnthal  between the Sonnenspitz and 
tISekner ridges. 

The Nederer section terminates with the quartzitie schists. No 
actual oeeurrence of serpentine has as yet been observed on this 
ridge, but the relation of the serpentine to the schists is well shown 
in the neighbouring Upper Tarnthal and on the Rgckner ridge. 

Between the altered schists and the serpentine are seen some 
remarkable forms of 'ophiealcite. '  Masses of calcareous schist, 
several feet in thickness, have been injected along the foliation- 
planes with the basic magma now represented by serpentine. Thin 
bands and lenticles of serpentine alternating with the schist impart  
to the rock a parallel structure, which gives the appearance of true 
bedding and suggests a relation of conformity with the schists 
below. These are, no doubt, some of the occurrences that  led 
Pichler to include ophiealeite and serpentine in a conformable 
succession of sedimentary rocks. 

But at Matrei and Pfons, where the rock-series resembles that  of 
the Tarnthal,  ~he ophicaleite is not in a tbrm such as to suggest 
the explanation here given of its origin. The parallel structure is 
absent or imperfectly developed, and the calcite often appears in 
veins. The mode of formation of these mixtures of serpengine and 
calcareous reek is evidently subject to variation. 

The general dip of the schists under the serpentine-mass of the 
I46ckner led Prof. Rothpletz to the conclusion that  the serpentine 
was in the form of a sill resting upon the syncline of schists. :But 
the intrusive masses are very irregular in shape. This is well seen 
in the ease of the small serpentine-mass in the Upper Tarnthal ,  
on the southern slope of the Sonnenspitz ridge. 

In view of the more recent hypotheses of Alpine structure, which 
assume a translat ion from a distance of some or all of the rocks 
composing this mass, i t  seems imI)ortant to distinguish between 
charaeters impressed on the rocks in their  original site (here called 
cecogenous characters) and those which may have been acquired 
during the movement (apcecous characters). 

S u p e r i m p o s e d  or Apsecous Cha rac t e r s  of  Rocks  

of  the  Middle  Zone.  

The distortion and part ial  foliation of the bedded limestones just  
above the dolomite may have beert imposed during a movemeni~ of 
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translation, but it does not appear that the fossils here are more 
deformed than those from the Lias of Southern Tyrol, where there is 
no question about, /,he rocks being in their original site. But the 
conspicuous mechanical shearing of the calcareous rocks just above 
the bedded limestones, as also the strong folding and crushing 
in the region of the dolomite-breccia, may and probably has been 
acquired during movement. 

Original  or (Eeogenous Charac te rs  of Rocks 
of the Upper  Zone. 

The topmost layer of quartzite and other altered schists and the 
serpentine bear many characters which must have been acquired 
before any movement of translation began. 

The parallel arrangement of the minute plates of chlorite in the 
quartzitie rocks (which also eontain tourmaline) is a feature that 
must have been acquired at deep levels, under conditions similar to 
those determining the structure of the older crystalline phyllites. 

The tourmaline is in the form of single, undistorted, minute rods, 
bounded by faces of the prism and often showing a termh:al 
pyramid--characters which prove it to be the most recent addition 
to the minerals eomposing the quartzitie rock. 

The close vicinity of reeks, presently to be described, which have 
been modified by contact with the serpentine, suggests that  the 
tourmaline may be a contact-mineral. The serpentine, however, 
does not contain tourmaline. I f  not a contact-mineral, the tour- 
maline must be older than the serpentine-intrusion. In either 
ease the tourmaline, the youngest product, was formed before the 
rock-mass left its original site. 

Serpentine.  

The association of green schists with se'rpentine in several 
distinet occurrences (Mieselkopf, ~Iatrei) has been noted by 
previous observers, as well as the occurrence of tale and magnesian 
minerals in the schists adjoining the serpentine. 1 

The igneous intrusion appears to have eommeneed at a time 
when the rocks were still under the influenee of causes producing 
foliation. Reerystallization under stress is indicated by the for- 
marion of tale in the schists, by the presence of sheafy amphibole 
in parts of the serpentine-mass near the contacts. 

That violent movements were in progress during the period of 
activity covered by the serpentine-intrusion is shown by the mode 
of injection of the serpentine in the ophicaleite, and by the 
numerous detached masses of altered calcareous rock found em- 
bedded in the serpentine at all levels up to the summits of the 
t~/Jekner and the Little P~Sekner. :kmong these torn-off fragments 

1 See J. ]]laas, ' Ueber Serpentin & Schiefer aus dem ]drennergebiete ' Nova 
Ac~a Leop.-Carol. Akad. der Naturfocseher, vol. txiv (1894) no. 1. 
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are some which show the ophicaleitie structure, and thus bear 
witness to the ingress and complete consolidation of a portion of 
the serpentine-magma at a date prior to a final stage of the erupti(:n 
in which the fragments we~'e detached and carried off. 

Las t  S tage  of the  I n t r u s i o n .  

The final accession of fluid magmas is represented by a core of 
serpentine which has crystallized by slow cooling in a state of rest, 
umsolicited by forces of shearing or stress. This is proved by the 
abundant  remains of large pyroxene-crystals showing no direction 
in their  arrangement, and by numerous pseudomorphs in bastite 
after pyroxene in composite crystalline growths which e v i d e n t l y  
still retain their original forms. 

In  the younger parts of the rock an occasional slight strain in 
the pyroxenes andsome instances of cataclastie structure are the 
only indication of the survival of forces, which were at the last too 
attenuated to impose schistose structure on the rock. 

The rock must have consolidated nearly in its present form 
while still in communication with the main magmatic reservoir, and 
before the commencement of the journey from the original to the 
present site. 

The original igneous rock has been affected chemically, notably 
by scrpentinization on an extensive scale. Some of the changes 
may possibly have taken effect during translation, but the change 
of form has been unimportant.  The ophicalcite obviously acquired 
its banded structure on the original site, and has been translated 
without perceptible deformation. The same is true of the masses 
of indnrated contact-schist. 

I t  appears to me to be evident that  the whole mass of serpentine, 
ophicalcite, and indurated schist still hangs togerher with the 
original relative positions of its parts, and that  in the course of 
translation it has undergone no deformation and no interruption 
of continuity, beyond that  due to minor faults and fractures. 

SU~3tARY oF Co~'cLcslo~S. 

As respects the general structure of the Tarnthal  mass, nay 
reading of it  is as follows : -  

The rock-series of the mass may be divided into three parts : - -  

(1) A_ lower section consisting of (1 a) principal dolomite 
(Rhmtic) and (1 b) Liassie limestone, the upper beds being the 
youngest. This lowest portion is in normal position, and is 
scarcely disturbed. 

(2) A middle section consisting of (2 a) calcareous schists, (2 b) a 
band of massive dolomite and dolomitic breccia, and (2 c) calcareous 
schists with green bands. This section shows marks of violem 
distortion and crushing. 
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(3) An upper section, consisting of more or less altered quartzite- 
schists, with eale%reous schists, ophiealcite, and seroentine. This 
s(;etion retains most of its ot'iginal character and }'orm, and has 
m~dergone little mechanical disturt)anee since it left its ' root.' 

This is summarized in the following synol)sis : .... 

Z(,N~ 3- ()phi('alcite. 
�9 Tar '~thal(~u;vtzi te~ etc. 

f (?ale ~.re(, s s~.l~ists ~vit h green bands. 
ZoNE 2 i ]-)o]omit it" breccm. 

C.aleare,us schists. 

[ Liassit, Iimesic)ne. 
Zo~v. [ / Princil)~d d, , lomite (gh;etic).  

The explanation of the struet~lre now suggested is as follows : -  
The distinct line of division between the bedded limestones and 
the calcareous schis t s - - tha t  is, betwee2~ Zones ! & 2- -marks  
approximately the lower limb of a lollg fold, l~he dolomitic breccia 
being thus a repetition in a highly attenuated ibrm of the t)rincipal 

dolomite below. 
As regards the reln.tions bet.woen Zones 2 & ::', the intert)ret~ation 

is not so clear;  the al)senee of any line of demarcation between 
these two series of rocks, which have ]~e(.n affected in different 
deg'rees by dynamic activity, gives rise to some difficulty. But. the 

hyi)otheses that l)resent~ themselves are : - -  
(a.) The collective mass 2 & 3 is in i~tvetted sequence, the ser- 

p(,ntille and green schists belonging to an older series normally and 
immedi.'~tcly below t.he do lomi te~ the  d()lomitie breccia belonging 
to the lower limb of a fol,-1, the upper limb of which is marked t~ 3" 

an air-lino above the serpentine. 
()r (b) The dolomiti(, breccia represent.~ t.he whole of the 1)rineipa[ 

dolomite in a flattem.d fi,ld, the n a p p e .  The sert)ent~ine and 
quartzites have l)(~en brought, inI:o their present position by a long 
overthrust, the t r a i n e a u  d e r a s e u r  of Prof. Termier. There la -  
fion of 1 a~J~(1 2 i,l this ease is one of ,.mforeed conformity, instances 

of which are known elsewhere. 

(~. J. ~ .  ~. No. 25~;. 2 
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