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Summary 
A sizable, but previously unknown TEM anomaly was found in the Gosetal, 2 kilometres 
west of the historic Rammelsberg mine in the harz Mountains of Germany. The 
Rammelsberg mine contained a world class, massive sulphide, SEDEX-type base metal 
deposit. The Gosetal anomaly suggests the presence of at least two parallel conductors ca. 
1 km long, with a top 50-100 m below surface. The conductors coincide with Middle 
Devonian black shales that are correlated with the rocks that host the deposit at 
Rammelsberg. The character of the airborne TEM data, the location of the conductors in 
the proper stratigraphic level, and the closeness to the Rammelsberg mine all indicate that 
a mineral deposit may exist in the Gosetal area. 
 

Introduction 
Harz Minerals GmbH, a fully owned subsidiary of Scandinavian Highlands Holding A/S 
in Denmark, has obtained an exploration license for a large part of the Harz Mountains in 
central Germany, covering ca. 1250 km2 (Fig 1). The exploration targets are base metals, 
gold, silver and barite. The licence area that has been known for more than a millennium 
as a source for lead, zinc and copper. 
The aim of the project is to use leading edge technology, including deep penetrating 
airborne TEM (Time domain ElectroMagnetic) surveys, to explore deeper crustal levels 
that have yet been unexplored, except locally by drilling. The method was recently 
improved by SkyTEM ApS. This exploration tool has a potential penetration of 400 – 600 
m, and can cover large areas in short time. 
 
Our initial airborne TEM survey resulted in the discovery of several strong anomalies 
near the Rammelsberg world class massive sulphide deposit. This report focusses on this 
highly significant exploration discovery. 
 
The Harz Mountains form an uplifted massif of Paleozoic rocks of the Variscan belt that 
transects much of Europe (Fig. 2). The Harz Mountains have a long history of mining, 
and contain several large mineralisations, including the wide-spread vein type 
mineralisations (e.g. Bad Grund lead-zinc mine), the Bad Harzburg gabbro complex with 
Ni-Cu mineralisation, the Rammelsberg massive sulphide deposit and the Elbingerode 
massive pyrite deposit. The latter two are included in the Harz Minerals GmbH licence. 
No base metal mining occurs at the moment in the Harz Mountains.  
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Fig. 1 Geological map of the Harz Mountains with the Harz Minerals GmbH licence areas 
outlined in red, as well as other existing licences (excluded from the Harz Minerals licence) 
indicated with red shading. R indicates the location of the Rammelsberg mine. The black outline 
indicates the 140 km2 area of the first stage airborne TEM survey. 
 

 
Fig. 2. Location of the Harz in the Variscan belt of Europe. The main massive sulphide deposits 
are indicated. 
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Rammelsberg Mine 
The Rammelsberg mine is the quintessence of this project, because our exploration 
targets are SEDEX mineralisations similar to this world class deposit. The mine 
contained two large polymetallic massive sulphide bodies that were mined for more than 
a millennium. The mine, which was operated by Preussag AG when it closed in 1988 
after the deposits were exhausted. The complex is now preserved as a museum and a 
UNESCO World Cultural Heritage Site. Most of the mine (i.e. the lower levels) is not 
accessible anymore. 
 
The Rammelsberg deposit is one of the most important, and definitely the richest SHMS 
(Sediment Hosted Massive Sulphide) deposit in the Variscan of central Europe. Because 
of the long mining history, the combined tonnage and grade of the Rammelsberg ore 
bodies cannot be calculated precisely. The present estimate is that the mine produced 27-
30 Mt with an average grade of 14% Zn, 6% Pb, 2% Cu, 1 g/t Au, 140 g/t Ag and 20% 
barite. During the final years of mining, the daily production capacity was 1200 t ore 
grading at 12% Zn, 6% Pb, 1% Cu, <1 g/t Au, 150 g/t Ag and 20% barite. The syn-
sedimentary (SEDEX) deposit is hosted by Middle Devonian black shales of the 
Wissenbach Formation at the southeastern margin of the Goslar Basin, on the hinge line 
between a shelf area to the east and a sedimentary trough to the west (Fig. 1, 3). The 
deposit is strongly deformed in a west-wards overturned isoclinal syncline, and the area is 
cut by an east-west trending fracture system, that is host to extensive vein-type 
mineralisation elsewhere in the Harz.  
 

 
Fig. 3. Location of the Rammelsberg Orebody on the hinge line between the Goslar Trough and 
the West Harz Rise. 
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The two ore bodies, referred to as “Altes Lager” (Old ore body) and “Neues Lager” (New 
ore body) occur as southeast-dipping lenses in each others extension. The Old Ore Body 
has a strike extension of about 600 m, extends to a depth of 300 m, and is approximately 
12 m thick. The New Ore Body has a strike-length of about 600 m with a down-dip 
extent of 500 m. The true thickness of about 8 m was increased by the folding to a total of 
about 40 m in the synclinal hinge. The New Ore Body was the largest deposit, with a total 
tonnage of 19.3 Mt. The stratiform mineralisation dips at about 50-60° SE. A third “Grey 
Ore Body” (primarily barite), which stratigraphically overlies the sulphide ore bodies, is 
up to 6 m thick and interfingers laterally with shales. Three different types of ore 
mineralisations occur: The massive ore consists of pyrite, chalcopyrite, sphalerite and 
galena as well as some barite. Banded ore (Banderz) consists of rhythmic millimeter-
scale laminations of ankeritic dolomite containing fine-grained pyrite, sphalerite and 
galena, with interlaminated pyritic shales. The Grey Ore Body consists primarily of fine-
grained (about 50 µm), laminated barite with intergrown sphalerite and galena. 
Exploration drilling and tunnelling carried out during operation of the mine until the late 
1980’s concentrated on an area along strike of the known deposits, in the same structural 
position, just below the (overturned) contact with the Sandbandschiefer to the east. In this 
period, no significant new mineralisation was encountered and no systematic exploration 
has taken place since the closing of the mine. 
 

The ore equivalent horizon (Lager Horizont) 
The stratigraphic horizon that carries the ore at the Rammelsberg mine was recognised 
through much of the area in the Middle Devonian sequence, both in outcrop, mine addits 
and in drill holes. This ore equivalent layer (Lager Horizont) is 10-30 m wide shale layer 
with minor carbonate (ankerite), and lies within - near the base of - the Wissenbach 
shales (Fig. 3). It is characterised by slightly elevated levels of Pb and Zn and barite, 
locally with up to 4% base metals. Also the Zn/Pb ratio decreases with distance to the 
Rammelsberg ore from >1 to <1 at about 400 m from the ore body. This layer has been 
an important target for exploration in the 1980’s, but never resulted in the large new 
discovery. Figure 4 shows the elevated base metal levels in a palinspastically restored 
map of the region, with elevated levels west of the mine. It is assumed that this ore-
equivalent layer contains the conductor imaged by the TEM anomaly (see below). 
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Fig. 4.  Palinspastically restored map of the region at Rammelsberg and Gosetal, showing 
elevated levels of base metals in the ore-equivalent layer (Lager Horizont). The elevated levels 
with the Barite lense occur in drill hole Go-VII, very close to the Gosetal TEM anomaly. 

 
Harz Minerals exploration programme 
Existing geological data was collected and entered in our GIS system and 3D modelling 
software. Much of these data are from the Preussag archives that are kept at the 
Rammelsberg mine, and include detailed maps (above- and underground), sections, drill 
logs etc. All drill holes in the area were drilled between the 1930’s and late 1980’s. Based 
on the data from the mine and the area to the west, including surface and mine maps and 
sections, as well as drill logs, a three-dimensional model of the geometry of the folded 
stratigraphy is being constructed. Three-dimensional models of the conductors, based on 
the TEM, will be incorporated into this model, in order to determine drilling targets. 
 
The core of the Harz Minerals exploration programme is the helicopter-borne TEM 
technology. A first survey was carried out in the area of the Middle Devonian Goslar 
basin around the Rammelsberg mine in the northwest Harz (Fig. 1). In the remainder of 
the licence area Middle and Upper Devonian rocks will be targeted. 
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Airborne TEM survey 
In May 2008 ca. 140 km2 were covered by the airborne TEM survey (Fig. 1, 5). More 
than 700 line km were flown at 200 m spacing, locally with fill-in flight lines spaced at 
100 m. The Survey was carried out by the contractor SkyTEM ApS of Denmark.  
The data were quality controlled, filtered and processed, including removal of some 
dubious data due to cultural effects, out of range pitch, roll and survey height etc. The 
processed data were subsequently input in the SELMA software, which creates an 
automatic 1D inversion scheme for resistivity soundings. The SELMA 1D inversion 
result was then used to identify possible conductors in the survey area. The gridded data 
represent a rough indication of the three dimensional distribution (intensity, elevation and 
size) of the different anomalies. The data are here presented as slices through the gridded 
data at different elevations. Fig. 5 shows an example of an electromagnetic anomaly map 
of the whole surveyed area at ca. 150 m below surface. 
 
The results show two main anomalies in the area that are not caused by cultural effects 
(Fig. 5). One in the south is associated with vein mineralisation along east-west faults in 
the Lautenthal area. The most significant result is a cluster of anomalies, collectively 
named the Gosetal anomaly, about 2 km west of the Rammelsberg mine. It stands out in 
the whole surveyed area because of its size and the level of conductivity. 
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Fig. 5  TEM anomaly map showing the log resistivity of a slice at 140-160 m depth, 1D inversion 
of the data, overlain on the geological map. The Gosetal anomaly stands out as the main anomaly 
in the area. Chains of smaller anomalies occur along faults in the south of the survey area. Other 
anomalies in the west and along the northern margin are caused by cultural effects. G = Gosetal 
anomaly, R = Rammelsberg mine. 
 

Gosetal anomaly 
This anomaly occurs at 50-400 m underneath the surface along the bottom and lower 
western slopes of the valley Gosetal, just few kilometres south of the historic mining 
town of Goslar and along one of the main roads through the Harz Mountains. The main 
anomaly has a strike length of up to 1 km, with satellite anomalies to the northeast and 
south. The orientation of the main part of the anomaly is parallel with the regional fabric 
of the rocks. Like the Rammelsberg deposit, the anomaly occurs in the Middle Devonian 
shales of the Wissenbach Formation. It is significant to mention that all but one 
exploration drill holes lie outside the anomaly, although a number of them approach 
closely (Fig. 6) and show elevated Pb+Zn levels in the ore equivalent horizon (up to 4% 
base metals and 60 % barite over 25 cm in drill hole Go-VII). Mine workings (7th level) 
as well as a large, underground water duct (the Okker-Granestolle), miss the anomaly by 
only tens of metres. Only drill hole Go-X (GX in Fig. 6) seems to penetrate the anomaly. 
However, the drill hole runs underneath the top of the anomaly, and the drill hole log is 
interpreted to trace a folded stratigraphic layer underneath the ore equivalent horizon.  

G 
R 



 

              9 

 
To test the anomaly, the geophysical data were combined with NW-SE geological cross 
sections through the Gosetal area in a 3D modelling software. The 3D model shows that 
the NE-striking anomaly is located within the Wissenbach shales, which at Rammelsberg 
host the ore body (Fig. 7).  
 
The Gosetal anomaly could represent different types of conductors. The most likely 
explanation is that of a large sulphide body. No other conductive rock types are known 
from the area. Because the metamorphic grade of the shales is too low to form graphite, 
this is unlikely to be the cause of the conductor. The character of the data in the Gosetal 
anomaly is unlike that of shallow man-made conductors.  
 

 
Fig. 6.  TEM anomaly map (slice at 160-180 m asl) showing the Gosetal anomaly, overlain on the 
geological map). The map shows the exploration drill holes that surround the anomaly (see text), 
the exploration galleries (red lines) that just miss the anomaly, and the Okker-Granestolle that 
runs over the top of the anomaly. 
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Fig.7.  Three-dimensional view towards the northeast of the combined TEM anomaly map 
(horizontal) and vertical cross section showing the geology at the Gosetal anomaly. The anomaly 
occurs within the Wissenbach shales (grey colour). The red dashed line in the section is a 
proposed continuation of the ore-equivalent layer. The red line in the inset map shows the 
location of the section, and the red arrow the direction of view. R =Rrammelsberg mine. 

 
 
Modeling of the TEM data 
The processed data was input in the SELMA software, which creates an automatic 1D 
inversion scheme for resistivity soundings (Fig.5). The TEM anomalies from the Gosetal 
area were subsequently inspected and evaluated using the Maxwell 4.0 software package 
for forward modeling and 3D inversion. The objective was to test the possibility that the 
observed TEM anomalies could be attributable to conductors formed by a mineralization 
similar in composition, volume and geometry to the Rammelsberg deposit. 
 
Preliminary 3D inversion results from the area indicate that it is possible to fit the TEM 
data reasonably by modelling the response as two steeply dipping, parallel sheets with the 
physical properties of a Rammelsberg type ore (Fig. 8). The tops of these sheets lie at    
50 - 100 m depth and are separated by about 200 m. The data allow for the possibility that 
the two could be connected with a shallower dipping sheet (fold limb). 
 

R 
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Fig 8. Modelled conductor sheets in pink seen in cross section. The dotted red line shows a 
possible solution for the continuation of the Ore Equivalent layer (in red) into the area of the 
conductive sheets, connecting them in a synform-antiform pair. Location of the section shown in 
Fig. 7. 
 

Future plans 
Future exploration work includes refined modeling of the TEM data and a geological 3D 
model of the area, based on existing surface maps, drill hole data and mine maps. The 
position of the conductor will be better definied by combining and mutually adjusting the 
geological and geophysical models.  
Based on the modelling, target drilling drilling is planned for the fall of 2009.  
 

Conclusion 
The location of the Gosetal anomaly 2 km west of a world class deposit, its stratigraphic 
and structural position, the indications from nearby drill holes and modelling of the TEM 
data are all very favourable to finding of a twin or satellite to the Rammelsberg deposit. 
The large footprint of the anomalies and the gaps between the drill holes and mine adits 
all allow for a deposit that is of the same size or even larger than the Rammelsberg mine. 
 
 
 

 
 


