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Abstract

The Roman military encampment at the
Septimer Pass (near Bivio, Switzerland) was
located in 2003 using metal detectors. Dating
between 15 BCE and 16 CE, the camp was
designed for controlling the Pass, and to
enable the movement of Roman troops
between Italy and the northern province of
Raetia. The 2-ha sized site was delineated by
topography, aerial photographs, visible fortifi-
cation walls and ditches, and the locations of
finds. Subsequent trench excavations by the
Bavarian Academy of Science were limited to
150 m2. Although these excavations provided a
better understanding of the construction of the
fortification walls, they gave no idea about the
overall layout of tents or other buildings. For
this study, magnetometry with a cesium-mag-
netometer in a duo-sensor configuration was
used to survey an area of 160x120 m at a sam-
pling interval of 25x50 cm. Some magnetic
anomalies suggest geologic lineaments and
modern cultural sources. Other anomalies sup-
port visual evidence of fortifications, suggest
the outline of wooden barracks or contubernia
used for military housing, and possibly the
locations of watchtowers, pits and fireplaces.
The magnetically clean zones between these
anomalies correlate with the occurrence of
tent nails that were found and cleared by the
earlier metal detectorists, suggesting that
these areas were primarily used for tents. 

Introduction

The reign of Augustus, the first emperor of
Rome, was marked by a number of major mili-
tary campaigns, resulting in a major expansion
of the Roman Empire. The Alpine Campaigns
in 16-15 BCE subdued various hostile tribes
throughout the Alps as part of the conquests of
Noricum (roughly modern day Austria) and

Rhaetia (roughly eastern Switzerland and
southeastern Germany). Gruen (1990) sug-
gests that the Alpine Campaign was not neces-
sarily strategically linked to subsequent con-
quests, but may have been carried out to facil-
itate communications with the army beyond
the Alps, and to refine the soldiering of his
stepsons Drusus and Tiberius. Augustus cele-
brates his accomplishment of pacifying the
Alps from the Adriatic to the Tuscan
(Tyrrhenian) Sea in his Res Gestae (funeral
inscription).
Septimer Pass is one of twelve major Alpine

passes, one of only two or three passes in the
Graubünden Alps known to the Romans, and
the most important one in this region until the
middle of the first century. It is located 6 km
south of the village of Bivio, in the Swiss can-
ton of Graubünden (Figure 1), at an elevation
of 2340 m asl. The Roman encampment at
Septimer Pass studied here lies on a 2-hectare
knob with a local topographic relief of 30 m.
High precision magnetometry is one of the

major methods of geophysics used to survey
archaeological sites and landscapes (Kvamme,
2001; Gaffney and Gater, 2003; Aspinall et al.,
2008; Gaffney, 2008). There is published work
on geophysical surveys at Roman forts
(Biggins et al., 1999; Biggins and Taylor, 2004;
Hopewell et al., 2005; Drahor et al., 2008;
Gaffney and Gater, 2003), but none we are
aware of on temporary military camps. This
paper discusses results of field magnetometry
at Septimer Pass, and the complementarity of
these geophysical results with the earlier
archaeological excavation.

Archaeology
Only in the last 20 years have any artifacts

from the Alpine Campaigns been identified.
The site at Septimer Pass is the only known
site of a Roman camp in this region (Figure 1,
#27). At 2345 m above sea level, it is also the
highest altitude Roman camp known in the
whole empire.
In 2004, metal detectorists located several

lead slingshot projectiles, other Roman
weapons, and over 400 shoe nails, scattered
over the site, and not georeferenced; these
were brought to the attention of canton author-
ities and Zanier. Along with finds at another
nearby site (Crap-Ses Schlucht), these were
the first archaeological evidence for a military
presence in the Alps during the Alpine
Campaigns. Archaeological excavation took
place in 2007-08, and has been completed
(Zanier, 2006, 2009). Geophysics was dis-
cussed at that time, but was ruled out because
of the thin Alpine soils. After Zanier and
Fassbinder met later on, they decided nonethe-
less to carry out a geophysical survey. The geo-
physics followed the excavation, reversed from
the usual order, which did not allow the exca-
vation to benefit from the geophysics. As was

shown by Fassbinder (2010) for Roman forts,
this approach can still provide useful comple-
mentary pictures of a site, and additional infor-
mation that could be used by any future exca-
vators
Altogether, the metal detecting located 23

slingshot bullets, 72 nails (tent pegs), and 63
coins, as well as debris from use of the area by
the Swiss military from 1960-2000. The nails
are consistent with the Roman military units
of contubernia, which had eight soldiers living
in tents of leather, with 16-20 iron nails per
tent. Each tent was 3x3 m, with fires outside.
The coins were especially useful for dating the
use of the camp from 15-16 BCE to 16 CE.
Altitude and weather would have limited use of
the camp to the more temperate summer
months.
The archaeological excavations in 2007 and

2008 (Zanier, 2009) were limited to ten trench-
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es over a total area of 150 m2, the largest of
which had an area of 60 m2. The trenches
revealed a wall at least 100 m long, perhaps as
long as 180 m, although interior architecture
was not clear. It was difficult to make sense of
the stratigraphy, but aligned stones were found
within the trench walls, as well as burned lens-
es with charcoal.

Materials and Methods

The magnetometer survey was conducted
over three days in August, 2009, by the co-
authors. Procedures developed at the
Bayerisches Landesamt für Denkmalpflege by
Helmut Becker (1999, 2008) and Jörg
Fassbinder (2010) were used. The area of
160x120 m (ª2 ha) was surveyed in 40x40 m
grids, with some odd spaces being filled in by
other grid sizes. The instrument used was a
cesium vapor magnetometer, with two sensors
mounted on a wooden frame, horizontally sep-
arated by 0.5 m, and carried about 0.3 m above
the surface. Profiles along and between tapes
were walked east-west in a zig-zag fashion,
with 1 meter between lines, measurements
made every 0.1 s, and marks inserted in the
data files at 5-m intervals for better spatial
interpolation. Some magnetic susceptibility
measurements were made in situ with a
portable susceptibility meter.
During data processing, the data were inter-

polated to a 0.25x0.25 m grid, and bandpass fil-
tered to reduce high-frequency noise due to
geomagnetic micropulsations, although solar
activity was low during the time period of the
survey. The diurnal variation was removed by
line-mean and grid-mean normalisation. The
results were displayed in grayscale magne-
tograms, clipped to emphasise subtler, lower
amplitude anomalies.

Results and Discussion

Figure 2 is a magnetogram for the site. The
10 excavated trenches were scattered across
the central part of the map area. The grayscale
image is supplemented by red color to mark
the highest anomalies, and blue to denote the
lowest. The area on the right was actually set
at an angle relative to the rest of the grid, but
has not been re-positioned in this figure. We
note several distinctive types of anomalies,
and discuss their possible meaning along with
each set of observations.
First, high (500 nT peak-to-peak) N-S ori-

ented dipolar anomalies appear in the south-
east [(SA) in Figure 2]. Very high-amplitude
N-S oriented dipolar anomalies are character-
istic of modern ferrous objects. We suggest

these could be due to remnants of recent Swiss
military maneuvers that were somehow not
cleared during the metal detecting.
Second, linear anomalies (Figure 2, L1-

L1’,L2-L2’,L3-L3’) trending NW-SE with ampli-
tudes of about 50 nT. The linear anomalies par-

allel a general fabric in the geologic map, so we
interpret these as geologic lineaments. The
geology of the area is complex, representing an
ophiolite complex, including serpentine, dia-
base, and gabbro (Schweizerische
Eidgenossen schaft, 2011). Magnetic suscepti-
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Figure 1. Map of the Alpine region, showing the modern locations of Lyon and
Strasbourg (Strassburg), France; Salzburg, Austria; and Verona and Milan (Mailand),
Italy. The caption indicates the paths of Tiberius and Drusus in the year 15 BCE; mili-
tary camps, possible military camps, military posts, and possible posts; a sacrificial site;
locations of single finds. The site at Septimer Pass is military camp #27.

Figure 2. Grayscale magnetogram for Septimer Pass, with the higher anomaly values dark
(highest are in red), and the lowest light (lowest are in blue). Each grid is 40x40 m. The
area shown is approximately coincident with the plateau comprising the site. Marked
anomalies are discussed in the text.
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bility made directly on outcrop at the site
showed rock susceptibilities about 6-7 times
that of the thin soils. 
Third, high amplitude anomalies are found

along the southwestern most lineament
(Figure 2, L5-L5’), including a 500 nT inverted
dipole. High-amplitude anomalies not aligned
with the current geomagnetic field suggest a
source with remanent magnetisation. These
could be due to the presence of ferrous metal,
or lightning-induced isothermal remanence
(Maki, 2005) on rocks along the geologic linea-
ment. 
Fourth, a subtle linear anomaly with an

amplitude up to 30 nT (Figure 2, L6-L6’).
Archaeological anomalies are often not the
highest amplitude features at a site, especially
when there has been modern activity. In this
case, the linear anomaly corresponds to the
location of a topographic high, and a partially
excavated rampart fortification. The high mag-
netic susceptibility of metamorphic bedrock
comprising masonry could cause these anom-
alies.
Fifth, figure 3 shows the magnetogram with

anomalies that we judged as significant manu-
ally outlined in red. There are three types of
geometrically intriguing anomalies. The first
are two series of linear anomalies in the
orange box in the northeast area of Figure 3,
each covering an area of about 20x15 m, strik-
ing roughly NE-SW, on either side of the mag-
netically clean triangular area. We can imag-
ine two alternate archaeological explanations
for these aligned positive anomalies. One
explanation consistent with other geophysical

surveys would be that the individual high
anomalies in this area are due either to post-
holes of a wooden barracks-type building or to
storage pits, with the cavities filled with high-
er susceptibility soil (e.g., Fassbinder and
Stanjek, 1993). Such a structure is similar to
the interpretation of Biggins et al. (1999) for a
barracks. The high susceptibility soil would be
consistent with the burned lenses found in the
archaeological trenches, since magnetic sus-
ceptibility is frequently enhanced by human
activity, by burning (Tite and Mullins, 1971;
Batt and Dockrill, 1998; Marmet et al., 1999;
Morinaga et al., 1999; Peters et al. 2000;
Crowther, 2003) or bacterial action (Faßbinder
and Stanjek, 1993). However, this interpreta-
tion would imply a very large building for such
a remote camp. An alternative possibility is
that these positive anomalies represent indi-
vidual fireplaces, adjacent to what could have
been 3x3 m contubernium tent spaces in the
magnetically clean area described below.
Sixth, the second interesting geometric

anomaly is in the middle of the anomalies
described in the preceding point, where there
is a 15x13x8 m triangular area that is magnet-
ically clean. The magnetically clean zone cor-
relates with the locations of tent nails that
were found and cleared by the earlier metal
detecting. This suggests the possibility that
these places could have been primarily used
for tents.
Seventh, the third interesting geometric pat-

tern is the square-shaped positive anomaly in
the center of the orange box to the southwest
(Figure 3), with a smaller central negative

anomaly.
Based on similar geophysical anomalies and

subsequent excavation elsewhere (Fassbinder,
2010), one of us (JWEF) believes this repre-
sents a watchtower. However, another one of
us (WZ) is dubious: this topographically ele-
vated location would be a good vantage point
without a tower. Importing wood to this site
above tree line to construct a watchtower
would be costly, and the temperature and wind
conditions on such a tower at the pass would
be harsh. Based on present knowledge, we are
unable to resolve these (or other) possibilities.

Conclusions

The geophysics complemented the findings
in the excavated trenches, which covered only
0.3% of the area represented by the magnetom-
etry. A variety of geometric anomalies were
observed, reflecting a combination of geologic,
archaeological, and modern sources. Meanin -
gful archaeological anomalies appear to be
present despite the thin nature of the Alpine
soils, partly because of the high susceptibility
bedrock. Thus, geophysics may be useful in
further exploration of short-lived Roman
encampments. Conclusive interpretation of
anomalies is not always possible when the
archaeology, rather than being used for subse-
quent ground truthing, actually precedes the
geophysics, yet the possibility of more defini-
tive identification remains, especially if addi-
tional geophysics, micromorphological analy-
sis of soils, or even further excavation are
undertaken. 
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