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ENGINEERING GEOLOGY OF THE GOTTHARD BASE TUNNEL 

AND INTERRELATIONSRIPS WITH ALPINE TECTONICS 

Sirnon Löw 

The Swi�s AlpTran�it System (also called 
NEAT) is an important element of the new 
European high �pced railwny network. This sys­
tem. which is currenlly under construction. con­
sists of two railway axe<; - the Gotthard and 
Lötschberg Axcs - which will pa�s through the 
weslern and eastern parts or SwiLLerland (Figure 
I). Each of thec.,c axcs consists of 2 to 3 base llln­
nels, the Iongest being the two-tube Gouhard 
base Lunnel (57 kms in lcngth ), which is cun·ent­
ly thc world's Iongest tunncl under constmction. 
Within thi� system, an cxisting basc tunnel will 
be used (the Simplon ba-.e tunnel). a c.,econd i-. to 
bc located in the pre-alpine foreland (Lhc 
Zimmerberg tunnel). and the remaining three are 
to be built wiLhin the Alpine rcgion (the Gotthard. 
Lötschbcrg and Ccneri base tunneb). These linal 
three tunncb are of notable concem <;ince the 
ruggcd topography in this young mountain bclt 
reachc.., altitudes or up to 3000 m ncar the tunncl 

axc�. rcc..ulling in an oYerburden of up to 2500 m. 
Hcre thc new ba-.c tunncl.;; will intcrsect many ot 
the tectonicall) dc�p unit� of th� alpine mountain 
chain: me�o.wic to tcrtiary �edimenh and thc 
cry•aallme hasenu�nt of thc helvetic and penninie 
uomain. 

The Gotthard (GBT) and Lötschberg (LßT) 
base tunneb run morc or less perpendicular to 
the main geological <,tructure.., of the Alp� 
(Figurc 2). Cro�sing from north to south thcse 
include I) Thc Helvetic autochthonaus sedi­
rnems and nappcs. 2) The Aar, Tavetsch and 
Gotthard basemcnt ··massifs 

..
. and 3) Tbc 

Penninie uni�:-. of the Leponline area. Tagether 
thcse units form the ··core'' of the Central Alps. 
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which in turn was primarily shapcd during ter­
tiary ( Eocene to M iocene) crustal .subuuction. 
thrusting. folding and updoming. Even today 
the Alpine mountain chain is still active. This i� 
rellected. for example. in regional uplirt rate� 
dcri ved from selectecl ti rst order Ievel I i ng 
benchmarks and GPS measurcments perfonneu 
along several cross-<;ection lhrough the Swiss 
Alps. These show maxirnum valucs of I.-+ 
mm/year in the region of the southern LBT and 
thc southcrn G BT. Ln addition. neotectonic 
movcments along sclcctcd rault 1ones of steep 
inclination cu·e postulated based on obsened 
"fault scarp-;" in young glacial tills and crosion 
�urfaces \o\>ith glacial polish. and from ncw geo­
detic mea-;uremenls performed across fault 
zones in the southcrn Aar Ma�-;iC (Frei and Lö\\' 
200 I). The�e tnO\cmenh would corTe�pond to 

Fig. I: Ckogr:.tphll·al :md gcmnorphnlnglcal '>IIU:.tlion of lhe 1\lp­

Tran,it railwa) 'Y'tcm 
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Fig. 2: Simplified longitudinal -.ection of Lhc G01Lhard hase tunncl 

conlinued reactivalions of old shcar structures. 
Unfortunately the active stress field in this 
aseismi<.: area is not weil understood and pale­
ostress analyscs give uncertain results. 

While the Iongest sections of lhe Gotlhard 
base lllnnel will be drilled in fairly stable 
ground, this project will also be confronted wilh 
a !arge variety or geologically controlled haz­
ards. mo::;t of them being interrelated with 
Alpine tectonics. The most importam hazards 
include: high water inflow along faults, inl1ows 
of rock debri, (e.g. sugar-grained dolomites) 
under high fluid pres ures, strongly squeezing 
ground in schists and phyllites, stress-controlled 
instabilities (i.e. rock bursting), and surficial dis­
turbance (Settlements) lhrough drainage effects 
(Loew et al. 2000). Within the framework of the 
AlpTransit projecl these hazards have been 
investigated du ring Lhe past I 0 years by means 
of a long exploration tunnel (the Polmengo 
Tunnel in the Penninie Domain, from which 4 
intermediate size boreholes have been drilled 
into Lhe Piora Zone). 5 deep boreholes drilled 
from surface into the Tavetsch Massif, severa] 
geophysical and geodetical surveys. and geolog­
ical lield mapping and data compiJation at the 
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scales of I: I 0'000 and I :50'000 (Löw and Wyss 
1999). Tn addüion lo the e works. several Swiss 
research groups have been working in related 
fields mainly focussing on the sLructuraJ. petTo­
logicaJ and rock-mechanical aspects of fault 
L.Ones and sugar-grained dolomites. Ln the tec­
Lure we will present new resulls from Jield and 
labonuory studies related to the den .. e fault and 
fracture pattern occurTing in Lhe Aar- and 
Golthard massifs (Laws 2001, Laws eL at. 2001. 
Zangerl et aJ. 2001) and demonstrate . ome 
important relationships between engineering 
geological problems and Alpine tectonics. 
Among t11ese relationships speciaJ weight will 
be given Lo the impact of late- to post-alpine brit­
tle and fracturing and rock mass stability, 
deformability and permeability. 
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