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Abstract 
The three members of Sledge Team 1 in the Denmark Expedition 1906-08 died in the fall of 
1907 trying to return to the basecamp in Danmarkshavn in North East Greenland. In their 
final approach they attempted to make it across the 79-Fjord towards a depot on Lambert’s 
Land on their dog sledges but were impaired in doing so by rough ice scape, exhaustion, and 
hunger. The last to die was Jørgen Brønlund. His body was found four months later along 
with his diary, which on the last page gave a short explanation of what happened. Below his 
signature was adhered a foreign black spot. The spot has now been analyzed by Inductively 
Coupled Plasma Mass Spectrometry, X-Ray Fluorescence, Synchrotron Radiation Powder X-
Ray Diffraction, Raman spectroscopy, and Pyrolysis Gas Chromatography Mass 
Spectrometry which cast light on the last hours of Brønlund’s life. The analyses confirm the 
presence of key minerals used in the production of natural rubber. Furthermore, traces of fat 
and petroleum derivatives combined with the sample morphology let us suggest the spot to 
originate from a rubber gasket, accidenly charred on Brønlunds atempt to pre-heat his Lux 
kerosene stove with different flamable materials in want of methylated spirits. 
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Introduction 
Even today North East Greenland is a hostile part of the Arctic. It is not easy to travel there 
and the vast area is now only crossed occasionally during the cold part of the year by 
members of the Sirius Patrol of the Danish Army (formed in 1950), who still make the patrol 
using dog sledges 
(https://www2.forsvaret.dk/omos/organisation/arktisk/enheder/sirius/Pages/default.aspx).     

In the year 1907, three polar explorers, Ludvig Mylius-Erichsen, Niels Peter Høeg 
Hagen, and Jørgen Brønlund, set out as Sledge Team 1 from Danmarkshavn in North East 
Greenland as part of the Danmark-Ekspeditionen – the Denmark Expedition. Their ultimate 
goal was to survey North East Greenland and find out if Peary Land was a peninsula or an 
island. In the latter case it was expected that the United States of America would claim the 
island as US territory, whereas if it was a peninsula, Peary Land was expected to remain part 
of the Danish Kingdom. Consequently, it was an endeavour with large geopolitical 
consequences. Apart from that, the Denmark Expedition took place in the heyday of polar 
expeditions, where new fantastic discoveries were made regularly, pushing the limits of 
mankind and every time drawing up the contours of hitherto unknown land – terra incognita. 
At the time the expeditions and the men fascinated the minds of people at home.  
 
The commander of Sledge Team 1, Mylius-Erichsen, eager to fulfil the purpose of the 
expedition, went too far. When the team turned around heading back for the basecamp it was 
too late to make it home to Danmarkshavn before the summer set in - they were forced to 
summer-over. This took place in Danmarksfjord and they were critically short in supply of 
both food and gear. Brønlund wrote in his diary: “No food, no foot gear, and several hundred 
miles to the ship. Our prospects are very bad indeed.“ (Trolle 1909). Come September and the 
winter darkness, they attempted to go home over the inland ice, but were prevented in doing 
so by rough ice scape. Instead they tried to cross over the frozen waters of the 79-Fjord. Here 
Høeg Hagen died of exhaustion on the 15th of November, and Mylius-Erichsen circa ten (or 
maybe two) days later. Brønlund walked on for another 25 km. He actually reached the other 
side of the fjord and arrived at a depot previously laid out on Lambert’s Land. However, he 
could go no further for frostbite in the feet and because of the darkness. He took shelter in a 
small cave, wrote the last entry in his diary explaining what happened to the other two 
expedition members and signed off. His body was found the next spring by Johan Peter Koch 
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and Tobias Gabrielsen, setting out from Danmarkshavn to find out what happened to Sledge 
Team 1. The diary was recovered from the sledge case at Brønlund’s feet and brought back to 
Danmarkshavn. Later the diary was transferred to the Royal Library in Copenhagen, where it 
is still curated.  
 
The sample 
At the bottom of the last page in Brønlund’s diary was seen an adhered black spot. In October 
1993 the spot was removed from the diary by a reader having the diary delivered to his 
reading table in the Royal Library. The extraction was performed with a pocketknife. This 
was done without permission, which is of course both unorthodox and illegal. However, the 
same year the sample was submitted to the Natural Science Unit (NNU) of the National 
Museum of Denmark without anybody ascertaining its legitimacy. The sample was 
investigated by several experts at that time without reaching any conclusions as to the nature 
of the sample. Twenty-five years later, in 2018, the sample was subjected to several lines of 
analysis in order to finally solve the problem.   
 
The last page of the diary as it looks now is depicted in Fig. 1a. The position where the 
sample was situated can be seen on Fig. 1b, inducated by the red arrow. The size of the 
sample remaining in 2018 was ca. 3x3 mm (see Fig. 1c), where a fine fibrous and twined 
structure of the sample can be seen. Two subsamples were cut leaving three smaller fragments 
for storage. Furthermore, two environmental samples were taken from the cotton and the 
rubber sealing of the tobacco box in with the sample was stored after extraction in 1993 and 
analyzed as well.       
 
Analytical methods  
Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 
Seven elements, Mg, Al, Zn, Sn, Sb, Ba, and Pb, were analysed by solution ICP-MS. The 
sample weighing 0.3 mg, was transferred to a clean 15 mL disposable polypropylene 
centrifuge tube (Sarstedt sterile). The sample was dissolved with 1.000 mL of concentrated 69 
% ICP-MS-grade HNO3 (TraceSELECT® Fluka) and 0.500 mL of concentrated 30 % ICP-
MS-grade H2O2 (TraceSELECT® Fluka). A lid was loosely fitted on the tube before it was 
placed on a shaking table for twelve hours. Then 400 µL ICP-MS grade 37 % HCl was added 
(PlasmaPURE Plus® SCP Science). Once the HCl was added, the tube with its loosely fitted 
lid was placed on a shaking table for four hours. A tiny piece which remained undissolved 
was squeezed with a cleaned pair of tweezers and removed. From this slightly green solution 
0.5 mL of liquid was extracted and diluted to a volume of 8.00 mL using MilliQ/Element-Pod 
water (x16 dilution). A blank sample was prepared using the similar utensils and chemicals. 
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The solution ICP-MS analysis were performed using a Bruker ICP-MS 820 with a frequency 
matching RF-generator and a Collision Reaction Interface (CRI) operated with hydrogen as a 
skimmer gas. Samples were introduced using a Bruker SPS3 autosampler with an OneFast 
flow injection inlet system. The radiofrequency power was 1.40 kW, plasma gas flow rate was 
15.50 L min-1, auxiliary gas flow rate was 1.65 L min-1, sheath gas flow rate was 0.12 L min-1, 
and the nebulizer gas flow rate was 1.00 L min-1. Isotopes measured without skimmer gas 
were Mg24, Al27, Sn118, Sb121, Ba137, and Pb208. The CRI reaction system was used with 
hydrogen for Zn66 because of interferences with polyatomic species resulting from a 
combination of isotopes from the argon plasma, reagents, and sample matrix. A mixture of 
Sc45, Y89, and Tb159 was used as internal standard, and it was added continuously to 
samples and standards alike. The dwell time on each peak was between 5 and 20 ms. Five 
replicates were made, each measured with 30 mass scans. The ICP multi-element standard 
solution XXI for MS from Merck was prepared in 1% HNO3 at five concentrations (1, 10, 20, 
100 and 200 µg L-1). For each element, three standards were selected to fit the appropriate 
concentration range in the sample. Isotopes with higher than expected concentrations had 
count rates attenuated automatically by the MS detector. Blank samples of MilliQ water and 
1% HNO3 were run before the standard blank to ensure no contaminants lingered in the 
system at start up. A 1 % HNO3 blank sample was analysed between samples to rinse the 
system and to avoid any possible memory effects. Each day an in-house standard sample 
manufactured from a homogenized medieval bone was analysed along with the samples to 
monitor the overall performance of the system. An international modern bone standard, NIST 
SRM-1486, was also analysed daily (Skytte and Rasmussen 2013; Rasmussen et al. 2017, 
2020). The limit of quantization (LOQ) based on six months of measurements was calculated 
as 4.80 ng g-1 for Mg, 3.63 ng g-1 for Al, 6.74 ng g-1 for Zn, 1.58 ng g-1 for Sn, 1.59 ng g-1 for 
Sb; 0.49 ng g-1 for Ba, and 0.49 µg g-1 for Pb. 
 
Micro-X-ray fluorescence (µ-XRF) 
An ARTAX-800 µ-XRF manufactured by Bruker-Nano was used for the µ-XRF 
measurements. A high tension of 50 kV and a current 600 µA were used. The spot size of the 
impacting X-rays is ca. 60 µm in diameter. Absolute calibration of the concentrations was 
performed by the DCCR-method (Direct Calibration from Count Rates) provided by the 
Bruker software using the standard reference material NIST-610 and an S concentration value 
of 570 ± 70 µg g-1 for the NIST-610 (Guillong et al. 2008). The quantitative results can only 
be considered semi-quantitative because of the differences in the matrix of the glass of the 
NIST-610 standard material and that of the sample. 
 
Synchrotron Radiation Powder X-ray Diffraction (SR-PXRD)            

This article is protected by copyright. All rights reserved.



5 
 

The SR-PXRD measurement were performed at the Swiss-Norwegian beamline BM01 at the 
European Synchrotron Radiation Facility (ESRF), Grenoble, France, using a selected 
wavelength of 0.70508 Å. The sample was mounted on a piece of Kapton (poly imide) tape, 
which were placed in the synchrotron X-ray beam. The diffractogram was obtained using a 
Pilatus 2M area detector and an X-ray exposure time of 300 seconds obtained over 30 
subframes. The sample-to-detector distance was calibrated using a LaB6 standard and was 
found to be 395 mm. The data images were reduced to 2θ-intensity data using Fit2d 
(Hammersley et al. 1996).  
 
Pyrolysis Gas Chromatography with Mass Spectrometric detection (Py-GC-MS)  
The analyses were performed using an EGA/PY-3030D (Frontier Lab) pyrolyzer coupled with 
an Agilent 6890N gas chromatographic system with a split/splitless injection port, and with an 
Agilent 5973 mass selective single quadrupole mass spectrometer. The chromatographic 
separation of pyrolysis products was performed on a fused silica capillary column HP-5MS 
(5% diphenyl-95% dimethyl-polysiloxane, 30 m x 0.25 mm i.d., 0.25 µm film thickness, J&W 
Scientific, Agilent Technologies), preceded by 2 m of deactivated fused silica pre-column 
with an internal diameter of 0.32 mm. 

For the detection of polymers in the samples the pyrolysis temperature was set at 
600°C at the interface and the GC injector was kept at 280 °C. The chromatographic 
conditions were 40°C for 5 min, 10°C min-1 to 310°C for 20 min. The helium (purity 99.9995 
%) gas flow was set in constant flow mode at 1.2 mL min-1. 

The analysis for the characterization of the polar fraction were performed using 
hexamethyldisilazane (HMDS) as derivatizing agent. The pyrolysis temperature was set at 
550°C at the interface and the GC injector kept at 280°C, while the chromatographic 
conditions were 36°C for 10 min, 10°C min-1 to 280°C, 15°C min-1 to 310°C, where the 
temperature were kept for 20 min. The helium (purity 99.9995 %) gas flow was set in 
constant flow mode at 1.2 mL min-1. 
 
Raman spectroscopy   
Raman measurements were conducted using a Thermo Scientific DXR Raman microscope 
equipped with a 532 nm laser and a 10x objective. The laser power was 10 mW and the spot 
size had an estimated diameter of 1.8 µm. A 780 nm laser was also tested but abandoned 
because the signal-to-noise ratio were inferior compared to the 532 nm.   
 
Results 
Elemental chemistry and mineralogy 
The main and trace element concentrations derived from the ICP-MS and µ-XRF are listed in 
the first five columns of Table 1.  
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The SR-PXRD pattern (Fig. 2) shows the diffracted peaks belonging to five 
mineralogical phases: calcite (CaCO3), rutile (TiO2), zincite (ZnO), goethite (FeO(OH)), and 
hydrocerussite (Pb3(CO3)2(OH)2). We note that all Bragg reflections in the 2D diffraction 
image (from the area detector) gave rise to rather smooth Debey Scherrer rings with good 
powder average, i.e. the phases are present as multi crystalline powders. The quantification 
was done according to the Generalized Reference Intensity Ratio (RIR) method. The result 
showed that the sample mineralogy consists of 46.5 % of calcite, 26.3 % of rutile, 18.0 % of 
zincite, 6.8 % of goethite, and 2.5 % of hydrocerussite. The presence of cerussite (PbCO3) is 
also suspected but cannot be securely confirmed, as only one peak ([001] at ca. 8° 2θ) is 
visible on the diffractogram and its intensity is very low. If they are there, the other peaks of 
cerussite are overlapped by the other phases.  
 
A summary of the elemental and mineralogical composition is given in columns 6-10 of 
Table 1.  The summery is based on the quantification of the ICP-MS data and the results of 
the µ-XRF. These are compared to the mineralogical phases identified in the SR-PXRD 
diffractogram, i.e. the crystalline part of the sample (last column in Table 1). In summary the 
sample is rich in Ca, with a content of 51 wt %. The second most abundant element is Ti 
which accounts for 22 wt %. The sample is also quite rich in Zn with a concentration of 13 wt 
% and in Fe with a concentration of 6 wt %. There are also minor constituents of Pb (3 wt %), 
Sn (2 wt %), and Al (1 wt %). Magnesium, Sb, and Ba are identified, but occur in amounts of 
less than 1 wt %. The mineralogical quantification performed with generalised RIR-method is 
in good agreement with the summery of the chemical composition (see Table 1). The most 
abundant elements and their related phases are in same order of magnitude. The minor 
differences observed are very likely induced by the differences of the analytical methods and 
the quantification processes. Even though Al, Mg, Ba, Sb, and Sn are not detected in a pure 
crystallised form, their occurrences in the identified minerals are explainable. Calcium 
carbonate can host Mg, Ba, and Sb from the growth of the crystals or by diagenetic 
substitution of the ions or sequestration. Titanium dioxide such as rutile can host Sn and Al 
because of the substitution of Sn4+ and Al3+ for Ti4+ (Stebbins 2007; Luvizotto et al. 2009). It 
is also possible for Sn to be hosted in goethite by an adsorption process (Larralde et al. 2012). 
   
Organic Chemistry 
Py-GC-MS 
Pyrolysis gas chromatography with mass spectrometric detection was performed on a sample 
weighing about 0.5 mg. The chromatographic profiles are shown in Fig. 3. Three groups of 
compounds can be focused on.   

The first group highlighted with the pyrolysis approach without HMDS consists of 
polystyrene and of acrylic emulsions (ethyl acrylate/methyl methacrylate; n-butyl 
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acrylate/methyl methacrylate; 2-ethyl hexyl acrylate), both introduced since the 1950’s (Boyer 
1981; American Chem Soc Acrylic Emulsion). There is no polystyrene or acrylic emulsion in 
the environmental blanks, so these are undoubtedly contaminants introduced to the sample at 
a later date, maybe as a result of a conservation treatment. There are no reports of 
conservational treatment of the diary, but many attempts of conservation were done in the 
1950’s and 1960’s without any reports of the action being filed. At the Royal Library the 
practice of filing reports on conservational treatments started in the 1990’s.        

The Py-GC-MS analysis performed using HMDS showed a complex chromatographic 
profile. In particular, the analysis highlighted the presence of second group of compounds 
consisting of dicarboxylic acids (azelaic, sebacic, hexadecanedioic, and heptadecanoic acids), 
fatty acids (C15-C26), and monoglycerides. In detail, the fatty acids with an odd number of 
carbon atoms can be associated to the presence of a lipid material from an animal source, 
while the presence of long chain dicarboxylic acids can be correlated to the oxidation of long 
chain polyunsaturated fatty acids (PUFA), characteristic of drying lipid materials such as fish 
or whale oils (Blanco-Zubiaguirre et al. 2018). Interestingly, together with these acids, the 
analysis reveals the presence of specific sterols. Coprostanol has been associated to the 
presence of human faecal matter and in general to omnivore species (Harrault et al. 2019; 
Bethell et al. 1994). The presence of ethyl lithocholate, a marker characteristic of faecal 
microorganisms (Kelsey and Thompson 1976) further confirm the hypothesis of the presence 
of faecal matter. The sample was also characterized by cholesterols and its relative oxidation 
products, confirming the presence of a lipid material from animal origin, and stigmastadiene, 
suggesting the possible occurrence of vegetable oils (Colombini and Mugno 2009). As for the 
previous group the analysis performed on the environmental samples allowed us to exclude 
the possible occurrence of contaminations. 

Finally, the Py-GC-MS analysis reveals also the presence of a third group of 
compounds consisting of long chain alkanes, not detected in the environmental samples, and 
consistent with the presence of petroleum derivatives, probably mineral oil.  
 
Raman Spectroscopy  
Raman spectroscopy has been performed at different places of half of the sample left after 
procuring the sample for the ICP-MS (Fig. 1d). The Raman spectrum is shown in Fig. 4. The 
peaks at 1590 cm-1 and 1360 cm-1 show the presence of carbon black (Jawhari et al. 1995). 
The peaks at 144, 438, and 611 cm-1 can originate from rutile (TiO2) (Balachandran 1982).  

It should be mentioned that the peaks around 1590 cm-1 and 1360 cm-1 are often 
observed in Raman spectra of organic samples as a result of the excitation laser burning the 
sample and thereby creating carbon black. It is possible to verify if burning occurred by visual 
inspection of the sample before and after the measurements, as well as by recording multiple 
consecutive Raman spectra and examine these spectra for changes. We did observe this type 
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of burning on some parts of the sample, however, this was not the case for the spectrum 
depicted in Fig. 4. We recorded multiple Raman spectra at 3mW similar to the spectrum 
shown in Fig. 4 which did not show any signs of burning anywhere on the sample. However, 
these spectra had a lower signal-to-noise ratio compared to the spectra recorded at 10 mW. 
 
Discussion 
The results of the SR-PXRD and the elemental analyses show the presence of calcium 
carbonate, rutile, and zincite as the major mineral constituents. The presence of rutile is also 
confirmed by Raman spectroscopy. In the vulcanization process of natural rubber, 
accelerators were used to improve the cross-linkage of the polymer chains. Inorganic 
compounds such as ZnO, CaO, and PbO were among the first accelerators to be used by the 
end of the 19th Century (Geer and Bedford 1925; Fisher 1942; Matador Rubber S.R.O 2007). 
Carbon black and TiO2 have also been used as filler or reinforcing agents to improve the 
tensile strength and the abrasion resistance of the materials (Fishbein 1991; Marzec and 
Zaborski 2012). Textiles were often included as part of the rubber also for increasing the 
tensile strength. No signs of kaolinite were seen in the SR-PXRD patterns, and consequently 
the presence of whiteners originating from the paper of the diary can be excluded.    
 
The black colour and the morphology of the sample are indicative of burnt material, and this 
is further substantiated by Raman spectroscopy, which shows with absolute certainty the 
presence of carbon black. It is therefore not only a possible inference, but a very likely one, 
that the main constituent of the sample is burnt natural rubber, with the calcite, rutile, and 
zincite still remaining as the major crystalline phases. 
 
The diary and thus the black spot material have at some later point, during the time when the 
diary was in the custody of the Royal Library, been contaminated with polystyrene and acrylic 
emulsion. The precise time and nature of this event remains unclear, except that it occurred 
after 1950.    
 
What concerns the original organic content of the sample, the Py-GC-MS shows the presence 
of three groups of organic compounds: 1) petroleum derivatives; 2) vegetable oil, animal fat, 
and fish or whale oil; 3) faecal matter.  
 
As collateral information it can be speculated what Brønlund likely took with him into the 
cave on Lambert’s Land. For sure the diary and a pencil. However, as it was November and 
darkness prevailed, he must have had a source of light in order to write.  
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If we consider the different types of experimental evidence and collateral information, we can 
suggest the following interpretation. The material could perhaps have originated from a 
rubber gasket fitting a kerosene jar lid or a Lux stove which along with primus stoves were 
part of the exploratory team’s equipment (Friis 1909: 92). Judging from the morphology of 
the sample it included fine, twined fibres, which could have been an integral part of 
waterproof fabric or a rubber gasket. At what time the rubber material was charred is not 
known – it could be weeks before, or it could be at Brønlund’s final hour in the cave on 
Lambert’s Land. The petroleum derivatives, the vegetable oils, and animal fats are most likely 
coming from the fuel for the stove, from wax candles (Amdrup 1913: 189), or perhaps from 
bits of oil skin. At this time Brønlund had starved for weeks, was tired beyond his capacity, 
and he was freezing. It is likely that his hands were shaking when he used the matches from 
the depot to pre-heat and turn on the stove in the small cave. Johan Peter Koch, who together 
with Tobias Gabrielsen, discovered Brønlund’s last resting place, observed that ”Brønlund 
must have been in the cave for about 5 – 6 days before he died. The sledge-case was scarcely 
half empty; of the 8 quarts petroleum there was still about half a quart left; of the tin filled 
with matches half a score of boxes had been used.” (Amdrup 1913: 192). There was no 
metabolised alcohol in the depot in Lambert’s Land, so Brønlund had to pre-heat the Lux 
stove with alternative fuels, e.g. burning paper, textile (oil skin) or the like, which was quite a 
difficult task (c.f. Friis 1909: 92; Amdrup 1913: 191).  

Finally, the presence of the markers related to the faecal matter gives a further bleak 
view of the drastic and poor conditions of the last moments of the life of Jørgen Brønlund. 
 
It must be mentioned that Brønlund’s Lux stove and a pump for another kerosene stove along 
with some personal objects were found in 1973 (see Fig. 5). Most of these items, including 
the stove and a kerosene container, were picked up by members of the Sirius Patrol. In 
connection with the second re-burial of Brønlund in 1978 they were subsequently donated to 
the Danish Arctic Institute in Copenhagen (see also Objects no. G0111 – 19 to 30, ‘in situ’ 
photos by Leif Vanggaard, 30289, 30590, 30592, 30594, and 30595 at 
https://arktiskinstitut.dk/danish-arctic-institute/?L=1). 
 
What remains unaccounted for in this interpretation is the presence of goethite (FeO(OH)).  
Goethite is, however, a ubiquitous mineral which can come from many geological settings 
and can consequently come from contamination with soil from many sources.      
  
Conclusion  
A small black spot situated under the signature of Jørgen Brønlund’s last entry in his diary 
shortly before he died was extracted in 1993 and has now been analysed by SR-PXRD, 
Raman Spectroscopy, µ-XRF, ICP-MS, and Py-GC-MS. The results make it likely that the 
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material is charred natural rubber with traces of vegetable oil, fish or animal fat, petroleum 
derivatives, and faecal matter. This casts light on the last dismal days of the life of Jørgen 
Brønlund, where he accidently charred a piece of rubber impregnated fabric or a rubber gasket 
in the desperate attempts to pre-heat his Lux stove with all sorts of flammable materials. 
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Figure Captions 

 
 
Fig. 1. a: The last page of Jørgen Brønlund’s diary as of today; b: photocopy made by the 
submitter in 1993. The red writing says in Danish: “Under denne flig lå fragmentet - der 
sidder stadig en rest tilbage”, or in English: “Under this patch lay the fragment – there is still 
something left”; c: entire sample left in 2018; d: the remaining sample after half was utilized 
for ICP-MS analysis. The red stripes are 1 mm markers of a ruler.    
 
Fig. 2. The diffractogram obtained by SR-PXRD. Mineral identifications are indicated.       
 
Fig. 3. Py-GC/MS analysis of the sample without HMDS (a) and with HMDS (b). Acrylic 
resin abbreviation: EA: ethyl acrylate; MMA: methyl methacrylate; nBA: n-butyl acrylate; 2-
ethyl hexyl acrylate (2-EHA). Fatty acids abbreviation: C15: pentadecanoic acid; C16: 
hexadecenoic acid; C17: heptadecanoic acid; C18:1: octadecenoic acid; C18: octadecanoic 
acid; C20: eicosanoic acid; C22: docosanoic acid; C24: tetracosanoic acid; C26: hexacosanoic 
acid. 

Fig. 4. Raman spectrum of a black area on the sample recorded at 10 mW. The two peaks at 
1590 cm-1 and 1360 cm-1 show the presence of carbon black.  
 
Fig. 5. Brønlund’s Lux stove (to the right) and a pump for a kerosene stove (to the left) found 
at Brønlund’s last resting place along with other personal objects. Photo by former member of 
the Sirius Patrol, Jørn Ladegaard, 1978. The black spot could possibly originate from a gasket 
on the pump or the Lux stove.    
 
 
Table Captions 
 
Table 1. First five columns list the results of the ICP-MS and µ-XRF analyses. No standard 
deviations are listed for the µ-XRF, as the inhomogeneity is dominating for these analyses.  
Two different sites on the black part of the sample has been analysed by µ-XRF, “B3” and 
“Black”. Columns 6, 7, and 8 list the summary of the chemical composition based on ICP-
MS, µ-XRF, and SR-PXRD, column 6 in µg/g, and column 7 and 8 in wt %. Column 9 lists 
the chemical compositions in weight % calculated to sum to 100 %. Column 10 designates 
which analysis contributed to the average elemental composition. Column 11 lists the results 
of the RIR-calibrated SR-PXRD patterns.        
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