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1. Technical aspects and copyright 

The images stored in the three folders “Al-laterite200dpi”, “Au-laterite200dpi” and “Ni-
laterite200dpi” are high-quality JPEG-files saved with the embedded colour profile “Adobe 
RGB 1998”. The Adobe colour space has a broader range than the older “sRGB IEC6-1966-
2.1” profile more commonly used. The Microsoft and Apple operating systems allow selection 
of the colour profile for the display screen in the “System Preferences” under “Displays”. The 
embedded colour of each photograph can be changed in Adobe Photoshop Creative Suite 
(CS) and in Adobe Photoshop Elements, computer programs available at most universities. 

The author releases the images and these explanatory notes for teaching purposes at 
universities and other public institutions. The photographs are available as free downloads 
from the SGA website (e-sga.org). They are signed “AGM + year” by the author, who retains 
the copyright. The copyright cannot be transferred to a journal, publisher or any media 
organization without written consent. The photographs are intended to remain free-of-charge 
Open Access indefinitely. Acknowledgements should be made to the author and to the SGA 
website in the customary way. The text below has been carefully edited by the author but has 
not been reviewed independently. 
 



AG Mueller: Al-Ni-Au Laterite 2 3/12/18 

2. Introduction 
The colour photographs explained in the notes below illustrate laterite exposed in the 

open pits of various gold mines and in outcrops. They were taken during the past 30 years 
on occasion, and do not constitute a systematically assembled series. However, they will 
serve as an introduction to the subject. Bauxite, the product of laterite weathering, is the 
feedstock for alumina (Al2O3) refining and its smelting to aluminium, the principal lightweight 
industrial metal. Australia produced 30% of the world’s bauxite in 2012, a total of 76 million 
metric tons (tonnes), and is second in alumina and fifth in aluminium production (data: 
Geoscience Australia). Gallium substitutes for aluminium in gibbsite, boehmite and diaspore 
and is recovered as a by-product, although the average content in bauxite is only 50 ppm 
(Jaskula 2011). Gallium is increasingly used in integrated circuits, flat panel displays, solar 
cells, and photo-detectors. 
 
3. Laterite enriched in aluminium and nickel, Western Australia 

The Yilgarn craton east of Perth rises 300-400 m above the coastal lowlands of the Perth 
sedimentary basin. The Archean bedrock consists of about 75% granite sensu lato, and of 
about 25% supracrustal greenstone belts (Fig. 1). The craton forms a morphological pene-
plain covered by in-situ and re-deposited laterite of Tertiary age (Pidgeon et al. 2004), and by 
scattered clay-salt pans in ephemeral lakes. In many places, the laterite is eroded down to 
bedrock. 

 
 

Fig. 1: Bedrock geological map of the Archean Yilgarn craton, Western Australia, showing the locations of the 
Darling Range bauxite and the Edna May gold deposit. Modified from Mueller and McNaughton (2000). 
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 Bauxite composed of gibbsite, boehmite and diaspore (hydrous Al2O3) is mined on a 
large scale south of Perth in the Darling Range, where 50-70 m thick laterite overlies granites 
of the Darling Range batholith. Several large deposits (>500 million tonnes) are mined at 
grades of 27-30% Al2O3. Despite the low grades, the Darling Range accounts for 23% of 
global alumina production, as the bauxite has low reactive silica and is easy to refine. The 
deposits are described in Baker (1975) and in Owen and Hargreaves (1975). 

Saprolite overlying serpentinite and peridotite in the greenstone belts is currently mined at 
Murrin Murrin (total resource: 334 million tonnes at 0.99% Ni + 0.06% Co) in the Eastern 
Goldfields and near the town of Ravensthorpe (389 million tonnes at 0.62% Ni + 0.04% Co; 
Elias 2006). The Murrin Murrin open pits, operated by Minara Resources, produce ore 
containing up to 40,000 tonnes nickel and 5,000 tonnes cobalt per year. The smectite-rich 
ore (see Gaudin et al. 2005) is mixed with water to form slurry, which is fed into a High 
Pressure Acid Leach (HPAL) circuit. The geology of the Murrin Murrin and other deposits is 
reviewed in Elias (2006). The following photographs are in the folder “Al-lateriteAUS”: 

 
Photograph Al-lateriteOraBanda (in situ): Slippery Gimlet open pit, August 1985, Ora 
Banda township, 65 km northwest of Kalgoorlie. The township is located at 30°23’ south 
latitude and 121°03’ east longitude on the Kalgoorlie (SH 51-9) 1:250,000 and Bardoc (3137) 
1:100,000 map sheets. In-situ aluminium enriched laterite developed on tholeiitic meta-
basalt: At the top are brown soil and dark brown iron-oxide pisolite duricrust, below is the 
mottled zone of cream-colored kaolin clay marked by numerous red-brown iron-oxide 
nodules and veins, in the foreground is the lower pallid zone of white kaolin clay which 
overlies green smectite-bearing saprolite on meta-basalt (both not exposed). The laterite is 
40 m thick over unaltered meta-basalt but 80-120 m thick over parts of the Ora Banda gold 
lodes. Gold is variably depleted down to 45 m depth and enriched below in a 5-15 m thick 
zone above the saprolite-bedrock contact. The Ora Banda gold deposits are described in 
Harrison et al. (1990). Nickel-bearing laterite at Ora Banda, developed on ultramafic rocks, is 
described in Loftus-Hills (1975). 
 

 
 
Photographs Al-lateriteCue1 to Cue3 (in situ): The gold mining town of Cue is located at 
the Great Northern highway 650 km NNE of Perth, at latitude 27°28’ south and longitude 
117°51’ east. The laterite mesa shown (Cue1) is a prominent landmark 200 m east of the 
highway and about 1 km north of Cue town, photographed in July 1987. Remnant alumina-
rich laterite rests on granodiorite-tonalite bedrock: The upper mottled zone was removed 
during Holocene erosion and the mesa now consists of white kaolin clay of the in-situ pallid 
zone, which is capped by a thick pisolite duricrust containing boulders of tonalite (Cue2 and 
Cue3, the pen is 14 cm long). The mesa rests on weathered saprolitic bedrock extending to a 
depth of 60-70 m below surface. The area between the mesa and Cue town contained 
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extensive alluvial deposits of auriferous quartz derived from numerous quartz veins in 
sheared and altered granodiorite. Some of the thicker veins were mined underground from 
shallow shafts. Total production from the Cue field amounts to 345,343 tonnes of ore at 
21.92 g/t gold (7,573 kg; Woodall 1990). 
 

  

 
 
Photograph Al-lateritePerth (in situ): Close-up photograph of pisolite duricrust from in-situ 
laterite on granite, Darling Range, near the village of Kalamunda east of Perth. Most pisolites 
consist of a fragmental core and concentrically zoned red-brown iron oxide/hydroxide rims. 
Some are partly replaced by dark brown silica (conchoidal fracture). The pisolites are 
cemented by a hard but porous and vuggy matrix of grey opaline silica (opal + chalcedony), 
light brown limonitic kaolinite, and minor white kaolinite. The matchstick is 42 mm long. 
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Photograph Al-lateriteSandKing (reworked): The Sand King gold mine is located 75 km 
NNW of Kalgoorlie, Western Australia, at 30°13’ south latitude and 120°58’ east longitude. 
The deposit is 2 km north of the historic town of Siberia shown on the Kalgoorlie (SH 51-9) 
1:250,000 and Davyhurst (3037) 1:100,000 map sheets. The photograph shows the Sand 
King open pit in June 1985 looking southeast. Note the survey marks spaced 10 m apart at 
the rim of the pit. Partly eroded alumina enriched laterite developed on tholeiitic meta-basalt: 
The ferruginous and mottled zones have been removed by erosion. The top dark red layer 
now consists of wind-blown soil, alluvial gravels and aeolian sands, together about 15 m 
thick, marked by white chalcedony-magnesite nodules and calcrete at its base. Below the red 
layer is a 50 m wide and 20 m deep alluvial channel trending east, which is filled with 
ultramafic clasts but is barren of gold. The channel cuts into remnant mottled laterite, about 
1-2 m thick, and into yellow-green saprolite developed in-situ on altered meta-basalt. The 
saprolite contains two thin layers of magnesite calcrete (former groundwater tables?). It is 
depleted in gold and, above the lodes, overlies a zone of semi-decomposed biotite alteration 
where pyrite is replaced by siderite. The Sand King gold deposit is described in Hill and Bird 
(1990). 
 

 
 
Photograph Al-lateriteBurbidge1 and 2 (reworked): The Burbidge gold mining district is 
located in the Southern Cross greenstone belt, about 13 km SSE of Marvel Loch town, at 
latitude 31°32’ south and longitude 119°34’ east. The Tenaceous Pig open pit, where the 
photographs were taken in December 1996, is located about 1 km south of the main Great 
Victoria pit. The first photograph shows the vertical contact between graphitic paragneiss on 
the left and foliated skarn-banded amphibolite on the right looking south-southeast. The 
bench height is 20 m. The contact is occupied by a massive gossan composed of angular 
fragments of vein quartz and laminated chert cemented by brown goethite. The gossan 
replaces the sulphide-rich gold lode, and extends to the bottom of the pit. The pit wall on the 
right exposes iron oxide mottled laterite resting with irregular contact on grey-green smectite 
saprolite, which preserves the texture of the precursor amphibolite. A primary pallid kaolinite 
zone is absent. On the graphitic paragneiss, weathered to smectite-kaolinite saprolite, the 
mottled laterite terminates at shallower depth. The laterite is eroded and covered by dark red 
alluvial soil. Photograph Burbidge2 is taken looking east at a section through the soil. The 
hammer is 32 cm tall. The soil may be described as a poorly sorted fanglomerate composed 
of stratified pebble and boulder beds set in a matrix of dark red clay derived from iron oxide 
rich laterite. The clasts (1-20 cm) consist of white-grey granoblastic vein quartz, grey mica-
bearing chert, and dark brown goethite-silica gossan. This assemblage suggests short-
distance transport after erosion from local outcrops. 
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Photograph Al-lateriteCornish (reworked): The Cornishman open pit is located about 5 
km SSE of the town of Southern Cross, east of the road to Marvel Loch, at 31°16’ south 
latitude and 119°22’ east longitude (Southern Cross 1:100,000 sheet SH2735). The 
photograph shows deeply eroded Tertiary laterite above ultramafic bedrock in the west at the 
wall of the open pit (March 1995). The full bench height is 10 m. The bedrock is green 
amphibole-chlorite rock (meta-komatiite) grading upwards into light green nickel-bearing 
smectite saprolite, which is overlain by mottled laterite composed of white kaolinite and red 
iron oxides. A broad channel of dark brown transported laterite (pisolitic, discordant contact) 
crosscuts the in-situ mottled one. Light brown wind-blown soil forms the top layer of the 
weathering profile. 
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Photographs Al-laterite, BauxiteAlbany15a and 15b: Bauxite from the Darling Range 
mines south of Perth, stockpiled in Albany harbour at the south coast of Western Australia, 
July 2015, ready for shipment to overseas smelters. 
 

  
 
 
 
Photograph Ni-lateriteKanowna (in situ): Kanowna gold deposits, located about 20 km 
northeast of Kalgoorlie, Western Australia. Alunite Locality, an escarpment eroded down to a 
large pavement exposing saprolite bedrock at coordinates WGS 1984 UTM Zone 51J, 
6617000 m north, 367570 m east. The photograph by Klaus Stedingk in 2006 shows the 
author looking at blue-green nickel enriched saprolite (smectite ± kaolinite) coated with 
limonite crusts. The bedrock is ultramafic amphibole-chlorite rock (meta-komatiite). 
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4. Laterite above the Edna May gold deposit, Western Australia 
The Edna May gold deposit is located near the village of Westonia north of the Great 

Eastern highway about 55 km west of Southern Cross town, at latitude 31°18’ south and 
longitude 118°41’ east. The deposit is a case history for both the remobilization of gold and 
for the preservation of primary structures in laterite, as illustrated by the photographs 
assembled in the folder “Au-lateriteAUS”.  

The bedrock geology at Edna May is described in Mueller (1988) and in Drummond and 
Beilby (1990). The deposit occurs at the western termination of the Southern Cross 
greenstone belt in sheared and quartz-veined granodiorite gneiss, which strikes east and 
dips 45-50° north. The altered gneiss contains disseminated pyrite, pyrrhotite, molybdenite 
and scheelite, and averages about 0.5 g/t gold. It is underlain by altered amphibolite and 
overlain by ultramafic amphibole-chlorite rock. Thick horseshoe-shaped quartz ± microcline-
biotite reefs mineralized with galena, chalcopyrite, scheelite and wolframite cut across the 
shear fabric (Fig. 2). They were selectively mined underground from 1911-1947 for a 
production of 0.564 million tonnes at 19.6 g/t recovered grade (11,044 kg Au).  

 

 
 

Fig. 2: Geologic map and cross section of the Edna May gold deposit, Yilgarn craton, Western 
Australia (Mueller 1988). 

 
 
4.1. Edna May laterite zones 

From 1986 to 1989, ore in laterite was mined amounting to 2.355 million tonnes at 2.30 g/t 
gold open-pit grade (5,323 kg Au recovered). In June 1989, an additional 2.5 million tonnes 
of low-grade stockpile ore at 1.3 g/t gold remained to be milled (Drummond and Beilby 1990). 
The standard laterite profile in Edna May gneiss based on pre-1985 drill core is summarized 
in Webster (1985, PhD thesis, the University of Western Australia): 

 
0-2 m: Surface pisolites, loose rounded to sub-rounded iron-oxide pisolites and quartz-vein 

fragments. 
2-5 m: Silcrete duricrust, hard layer of kaolin, pisolites and residual quartz cemented by 

abundant opaline silica. 
5-12 m: Mottled zone, kaolinite stained with goethite-limonite and hematite-limonite nodules, 

minor jarosite and brecciated quartz-veins. 
12-35 m: Pallid zone, cream-colored kaolinite, residual quartz and accessory sericite, little or 

no preservation of primary textures. 
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35-55 m: Saprolite or weathered gneiss composed of quartz, sericitized plagioclase, 
kaolinite, vermiculite, and rare alunite. Primary textures are preserved, and fractures are 
lined with goethite. 

>55 m: Bedrock granodiorite gneiss composed of quartz, oligoclase-andesine, biotite, and 
hornblende. 

 
The laterite profile at the mine developed and was modified during the following events 
(Drummond and Beilby 1990): 

(1) Tertiary weathering of the gneiss, amphibolite, and ultramafic rocks to laterite and 
saprolite. 

(2) Erosion of a broad but shallow north-trending channel filled with an upward fining 
fanglomerate termed “wash”, composed of auriferous quartz boulders, grit, sand and 
mud. 

(3) Continued laterite weathering during the Tertiary, mobilization and precipitation of iron 
leading to the formation of the surface pisolite zone and the iron oxide mottling of the 
“wash” and gneiss below. 

(4) Holocene erosion of part of the laterite and deposition of transported soil, which is 
locally ore grade due to secondary gold enrichment. The soil is part of the pisolite 
resource. 

 

 
 

Fig. 3: Remobilized gold in the pisolite duricrust covering the Edna May gold deposit prior to open-pit 
mining, contoured in g/t gold at >1 m thickness. Modified from Drummond and Beilby (1990). 

 
 
4.2. Auriferous pisolite duricrust 

The surface iron-oxide pisolite layer is 1-5 m thick, and varies in composition according to 
the substrate. Over the footwall amphibolite, it is orange, porous, high in alumina and 
contains 0.1-0.5 g/t gold. Over the quartz boulder fanglomerate and in-situ gneiss, the layer 
is pink or orange, high in silica and low in iron, and contains 0.5-1.2 g/t gold. The duricrust 
consists of dark brown to purple-black pisolites in a tan matrix, both high in iron content, and 
contains 1.5-6.0 g/t gold where it overlies the hanging wall ultramafic amphibole-chlorite rock 
(Fig. 3). The top 1m-thick zone is poorly indurated and moderately auriferous, while the 
strongly indurated zone below (0.5-5 m) is strongly auriferous.  
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The process creating the auriferous duricrust involves the local groundwater, essentially 
saturated sodium chloride brine. Primary gold was dissolved and transported upwards as a 
chloride complex under the oxidizing conditions of laterite formation. It was then adsorbed 
onto iron hydroxide and oxide in pisolites (e.g. Webster 1985). 
 
Photographs EdnaMayLaterite1 and 2: The author mapped and sampled the near-surface 
laterite on February 26, 1986 prior to open-pit mining. The photographs show a collapsed 
pre-1922 stope below the pisolite duricrust excavated in alluvial fanglomerate (“wash”). The 
stope is about 30 m east of the Edna May main shaft. The yellow scale is 2m tall. The 
duricrust layers are marked in blue paint. TOP LAYER, 0-1 m: Dark brown sub-rounded 
goethite pisolites 1-2 cm in diameter, closely packed, weakly indurated by interstitial red clay. 
Bulk sample (2 kg): 31 ppm Pb, 28 ppm As, 33 ppm W. MIDDLE LAYER, 1.0-1.4 m: Hard 
grey silcrete crust, opal, chalcedony and goethite cementing minor kaolin clay. Bulk sample 
(3 kg): 10 ppm Pb, 5 ppm As, 52 ppm W. BOTTOM LAYER, 1.4-2.8 m: Mottled brownish 
grey laterite, mainly white-grey kaolin moderately indurated by goethite-hematite and minor 
chalcedony. Bulk sample (1.9 kg): 15 ppm Pb, 12 ppm As, 181 ppm W. Local 1 cm vughs are 
lined with opal and chalcedony. An irregular network of fractures and joints up to 5 cm wide, 
filled with 5 mm brown pisolites, extends 70 cm into the mottled laterite. Angular fragments of 
auriferous reef quartz 2-10 cm long occur locally. These alluvial breccias were selectively 
mined in the stope. 
 

  
 

 
Fig. 4: Alluvial gold mineralization composed of auriferous quartz pebbles and boulders derived from 

the primary quartz reefs in Edna May gneiss. The clasts form lag deposits in poorly sorted 
fanglomerate filling a broad erosion channel (elevation contours in feet). Note the extent of stoping 

prior to 1922. Modified from Drummond and Beilby (1990). 
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4.3. Alluvial quartz-vein fanglomerate 
The broad but shallow north-trending channel crossing the Edna May laterite was filled 

with an upward fining “wash”, perhaps best described as a poorly sorted fanglomerate 
composed of auriferous quartz boulders, grit, sand and mud. This blanket of alluvial gold 
mineralization was partly stoped prior to 1922 (Fig. 4), and then removed during the 
subsequent open-pit operation. Gold grade correlated with the amount of auriferous quartz 
and with clast size (boulders up to 1 m long). Economic grades (>2.0 g/t gold over 1 m 
minimum thickness) were largely confined to alluvial lag deposits several meters thick at the 
base of the channel. Low grades of 0.3 g/t Au over 1 m persist down paleo-stream more than 
1 km north of the Edna May gneiss. 
 
 
4.4. Laterite in situ on Edna May gneiss 

The in-situ laterite extends to an average depth of 55 m and comprises a pallid kaolinite 
and a saprolite zone (Drummond and Beilby 1990). In the pallid zone, the gneiss is 
completely weathered to soft white kaolinite containing minor granular quartz and quartz-vein 
fragments. Gold is depleted in the top 15-20 m of this zone and enriched below as indicated 
by the presence of visible foil gold. The saprolite zone is characterized by the incomplete 
weathering of micas and mafic minerals resulting in limonite-stained kaolin clay. The main 
high-grade quartz veins are preserved, and the soft rock between is evenly enriched to 1.0-
1.4 g/t gold on average. The waste to ore ratio is 1:10 in this zone. Below the laterite is a 
deep zone of partial weathering to kaolinite and limonite with some gold enrichment and 
preservation of the gneiss fabric. This zone grades into sulphide-bearing, hard granodiorite 
gneiss averaging 0.3-0.5 g/t gold between the veins. 

The author visited the Edna May mine a second time on June 16, 1987 when the open pit 
was 31-35 m deep. The photographs below illustrate the preservation of structures, 
especially quartz veins, in pallid-zone laterite and in saprolite. 
 
Photograph EdnaMayLaterite3: Looking N40°W at the Westonia open pit north wall, the 
lowermost bench above the pit floor is 7 m high, the one above is 12 m high. The narrow 
assay trenches, spaced 5m apart, are in white kaolinite of the pallid zone on Edna May 
gneiss. The light green-grey saprolite in the far wall marks the hanging wall ultramafic rocks, 
crosscut by white kaolinized dikes and plugs of post-mineral granite. The contact gneiss-
ultramafic rock is irregular in cross section and dips north. The low sub-bench close to the pit 
floor marks the location of photo 4. On the far left is weathered dark green footwall 
amphibolite. 
 

 
 
Photograph EdnaMayLaterite4: Western part of the open pit (see photograph 3) north wall. 
Looking N20°W at quartz veins in kaolinized Edna May gneiss close to the contact with the 
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hanging wall ultramafic rocks. A thin kaolinized granite dike cuts across the vein stockwork. 
The bench wall is 7 m high. 

 
 
Photograph EdnaMayLaterite5: Looking north at the open-pit north wall, which exposes a 
section parallel strike of the contact of Edna May granodiorite gneiss with the hanging wall 
ultramafic rocks. In the open stopes on the right, auriferous quartz boulders were mined from 
alluvial lag deposits at the bottom of a broad channel. The two benches between the stopes 
and the pit floor are 12 m high. The assay trenches in the foreground, probably spaced 5 m 
apart, are in kaolinized Edna May gneiss. The hanging-wall contact is undulating. The gneiss 
at the contact is marked by a strong foliation defined by parallel quartz veins in white laterite. 
A flatly dipping kaolinized granite dike occurs in the ultramafic rocks. Photos 6 and 7 are 
close-ups of the gneiss in the lowermost pit bench, close to the HW-contact.  

 
 
Photograph EdnaMayLaterite6: Looking N50°E at the north wall of the open pit, lowermost 
bench. The red paint marks are 5 m apart. The hanging wall ultramafic rocks, weathered to 
saprolite, are in the upper left corner of the photograph. Close to the contact, the Edna May 
gneiss contains quartz stringers and thick boudinaged veins defining a strong structural 
fabric in limonitic kaolin clay, which is oriented parallel to the lithologic contact. 
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Photograph EdnaMayLaterite7: Looking N40°E at the north wall of the open pit, lowermost 
bench. The part of the bench in the photograph is about 6 m high. Branching auriferous 
quartz veins (QTZ) sub-parallel to foliation in Edna May gneiss, which is weathered to light 
brown limonitic kaolin clay, are crosscut by a flat micro-granite dike (bottom of bench) and by 
irregular pegmatite dikes (red paint crosses), both also weathered to white kaolinite. The 
micro-granite grades into and contains schlieren of pegmatite. 
 

 
 
Photograph EdnaMayLaterite8: Looking ESE (N115°E) at the east wall of the open pit from 
the pit floor. The two benches are each 6 m high. The photograph shows a cross section 
through the folded Consolidated quartz reef, about 1 m thick in the fold limb on the left, which 
is stoped and backfilled in the fold nose. The reef terminates at the north-dipping contact with 
footwall amphibolite, weathered to mottled grey laterite and green saprolite. The Edna May 
gneiss is weathered to pale yellow-brown limonitic kaolinite. The reef nose cuts across the 
foliation defined by quartz stringers on the left, which are parallel to the limb of the reef. 
Remnant reef quartz and the stopes, filled with white quartz sand and blackened timber, are 
outlined in black illustrating the shape of the Consolidated structure. The black arrow 
indicates the unmined part of the quartz reef. 
 

 
 
Photograph EdnaMayLaterite9: Looking ESE (N120°E) at the east wall of the open pit, 
lowermost bench. The part of the bench in view is about 5 m high. Close-up view of 
weathered Edna May gneiss below the fold nose of the Consolidated Reef. A quartz vein is 
folded by movements on the principal foliation planes, which are sub-parallel to the lithologic 
contacts and marked by quartz stringers dipping to the left. 
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5. Tertiary nickel saprolite in Saxony, Germany 
The classic nickel “laterite” deposits on the Pacific island of New Caledonia, which overlie 

serpentinite and peridotite in an obducted ophiolite complex, have been in continuous 
production since the late 19th century but still contain about 10% of the world’s nickel 
reserves (in 2010, Geoscience Australia). Although the product of laterite weathering under 
tropical conditions, the nickel ore is concentrated in the saprolite zone above bedrock. 

 In central Europe, a humid climate prevailed during the Eocene and laterite weathering 
during this time accounts for at least some of the kaolin clay deposits in Paleozoic granite 
mined in Austria, the Czech Republic, and Germany (Höhn et al. 2014). On ultramafic rocks, 
Tertiary weathering led to the formation of nickel saprolite mined at Callenberg south of the 
village of Glauchau in Saxony, Germany. Photographs from this deposit are explained below 
and are stored in the folder “Ni-lateriteGER.USA”. They were taken in July 2014 in the Ore 
Deposit Collection of the Technical University of Freiberg, Saxony, Germany, with the kind 
permission of curator Christin Kehrer.  

A deposit similar to Callenberg occurs near Frankenstein (Ząbkowice Śląskie, 50°35’ 
north, 16°49’ east) in Silesia, southwest Poland. Concise descriptions of the Frankenstein 
(production: 2,500 tonnes nickel) and New Caledonian deposits from Beyschlag, Vogt and 
Krusch (1916) are inserted below after the references.  

 
Photograph Ni-LateriteSaxony1: Simplified geologic map showing the Paleozoic Saxon 
Granulite Dome (yellow), its inner rim of mica schist and gneiss (pink), and its outer rim of 
low-grade metamorphic phyllite (pale green). Meta-gabbros and serpentinites, the latter 
constituting the substrate of Tertiary nickel saprolite, are shown in dark green-blue.  
Photograph Ni-LateriteSaxony2: Schematic sections of a nickel hydrosilicate deposit 
formed during Tertiary laterite weathering at the southern margin of the Paleozoic Saxon 
Granulite Dome. Upper section: lithology, lower section: nickel content in weight percent. The 
Holocene cover is shown in yellow (Oberflächenbedeckung). The German term “Rotes 
Gebirge” (upper section) is applied to red soil and to saprolite marked by more than 10 wt.% 
iron content (outlined red in the lower section).  
 

  
 
 
Photograph Ni-LateriteSaxony3: Callenberg nickel hydrosilicate deposit at the southern 
margin of the Paleozoic Saxon Granulite Dome, Saxony, Germany. Garnierite replaces 
serpentinite and is covered by minor black manganese oxide crusts. 
Photograph Ni-LateriteSaxony4: Callenberg nickel hydrosilicate deposit at the southern 
margin of the Paleozoic Saxon Granulite Dome, Saxony, Germany. Garnierite, partly 
colloform, replaces serpentine pseudomorph after coarse bronzite crystals (?). 



AG Mueller: Al-Ni-Au Laterite 16 3/12/18 

  
 
 
Photograph Ni-LateriteSaxony5: Callenberg nickel hydrosilicate deposit at the southern 
margin of the Paleozoic Saxon Granulite Dome, Saxony, Germany. Epoxy-backed section 
showing garnierite replacement in serpentinite, the panel is 40 cm wide. 

 
 
 
6. Tertiary nickel saprolite in Oregon, U.S.A. 

The Nickel Mountain mine is located near the small town of Riddle in Douglas county, 
southwest Oregon, United States of America. Though small amounts of ore were mined in 
the late 19th century, large-scale open-pit operations began in 1954 resulting in the 
production of 7.12 million metric tons of ore at 1.50% Ni until 1964 (84,503 t Ni, recovery = 
79-80%), when the mine had about 16 years of reserves (Cumberlidge and Chace 1968). 
The deposit consists of Tertiary red topsoil, saprolite, and garnierite-chalcedony boxwork 
developed on Upper Jurassic peridotite and lesser serpentinite of the Klamath Mountain 
terrane, which extends from northern California into Oregon. Fresh peridotite and 
serpentinite contain 0.29-0.52 % NiO but only 0.01-0.02 % CoO. The mill-head grade thus 
indicates a three-fold enrichment of nickel in the saprolite zone (Cumberlidge and Chace 
1968). Four hand specimens from the Nickel Mountain mine, stored in the Ore Deposit 
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collection at Stanford University, California, were photographed in 1993. The collection is 
now part of the University of Reno, Nevada. 
 
Photograph Ni-lateriteRiddle254: Sample OD-32254, box-work ore from the Nickel 
Mountain mine, Riddle, Oregon. Pale green to blue-green garnierite replaces massive 
serpentinite. A network of light brown chalcedony veinlets (20 vol.%, 0.2-3 mm, hard>steel) 
enclosing garnierite-serpentine aggregates (moderate hardness, soft<steel) defines the box-
work texture. The specimen is locally magnetic and contains fine-grained (0.1-0.5 mm) black 
oxides, perhaps chromite + magnetite. Carbonate (tested 15% HCl) and fluorescent minerals 
are absent. The matchstick is 3 cm long.  
 

 
 
Photograph Ni-lateriteRiddle212: Sample OD-45212, sepiolite ore from the Nickel 
Mountain mine, Riddle, Oregon, collected in 1967. Massive white clay (soft<<steel), reacting 
elastic when scratched with the fingernail, is mixed with streaks of accessory light green 
smectite (? shrinkage cracks). The sepiolite encloses lenses of limonitic leached serpentinite. 
Carbonate is absent (tested 15% HCl), and the specimen is non-fluorescent under hard 
ultraviolet light. Sepiolite has a fibrous structure, and is a member of the palygorskite group 
of clay minerals. At Nickel Mountain, sepiolite is a minor ore mineral filling veins along fault 
planes. The US dime is 18 mm across. 
 

 
 
Photograph Ni-lateriteRiddle214: Sample OD-45214, box-work ore from the Nickel 
Mountain mine, Riddle, Oregon, collected in 1967. Veins filled with a dark blue-green mineral 
(soft<steel, Ni-chlorite or clay?) and with colloform light green garnierite (hard>steel) form a 
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network in leached limonitic serpentinite, which is locally weakly magnetic. Botroidal 
colloform surfaces indicate open-space filling. Carbonate is absent (tested 15% HCl), and the 
specimen is non-fluorescent. The US dime is 18 mm across. 
 

 
 
Photograph Ni-lateriteRiddle216: Sample OD-45216, box-work ore from the Nickel 
Mountain mine, Riddle, Oregon, collected in 1967. Ochre-brown leached serpentinite or 
weathered peridotite (soft<steel) lined by a dense network of thin (0.1-0.5 mm) chalcedony 
veinlets, which enclose limonitic serpentine-iddingsite (?) aggregates (3-5 mm). Thicker veins 
(3-15 mm) are banded and vuggy, and consist of light brown chalcedony (hard>steel) and 
pale green garnierite. Carbonate is absent (tested 15% HCl). The rock is porous and rapidly 
absorbs the acid, non-magnetic, and non-fluorescent. The US dime is 18 mm across. 
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8. Nickel saprolites in Beyschlag, Vogt and Krusch (1916) 
In 2003, nickel laterites accounted for about 40% of the annual world nickel production, 

and for about 60% of the land-based resources containing >1% nickel (Gleeson et al. 2003). 
Summaries of the geology of the New Caledonia and Frankenstein (Silesia) nickel laterite 
deposits are scanned from the textbook: Beyschlag, Vogt and Krusch (1916) The deposits of 
the useful minerals and rocks: Origin, form and content, Volume 2. MacMillan Co. Ltd., 
London. Remarks on early mining at Riddle, Oregon, are on the last page. 
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