
 

REPORT 
 

Under Oslo  
WP1 – RHOMB PORPHYRY - DATA REPORT 

 

DOC.NO. 20200436-08-R 
REV.NO.   0  /  2021-12-22 
 



   

 

Neither the confidentiality nor the integrity of this document 
can be guaranteed following electronic transmission. The 
addressee should consider this risk and take full responsibility 
for use of this document. 
 
This document shall not be used in parts, or for other purposes 
than the document was prepared for. The document shall not 
be copied, in parts or in whole, or be given to a third party 
without the owner’s consent. No changes to the document 
shall be made without consent from NGI. 
 
Ved elektronisk overføring kan ikke konfidensialiteten eller 
autentisiteten av dette dokumentet garanteres. Adressaten 
bør vurdere denne risikoen og ta fullt ansvar for bruk av dette 
dokumentet. 
 
Dokumentet skal ikke benyttes i utdrag eller til andre formål 
enn det dokumentet omhandler. Dokumentet må ikke 
reproduseres eller leveres til tredjemann uten eiers samtykke. 
Dokumentet må ikke endres uten samtykke fra NGI. 



 

NORWEGIAN GEOTECHNICAL INSTITUTE Main office Trondheim office T 22 02 30 00 BIC NO. DNBANOKK ISO 9001/14001 
NGI.NO PO Box 3930 Ullevaal St. PO Box 5687 Torgarden F 22 23 04 48 IBAN NO26 5096 05 01281 CERTIFIED BY BSI 
 NO-0806 Oslo NO-7485 Trondheim NGI@ngi.no ORGANISATION NO. FS 32989/EMS 612006 
 Norway Norway  958 254 318MVA  
 
p:\2020\04\20200436\05 leveransedokumenter\rapport\20200436-08-r rombeporfyr\20200436-08-r rhomb phorpyry - data report.docx 

Project  

Project title: Under Oslo 
Document title: WP1 – Rhomb porphyry - data report 
Document no.: 20200436-08-R 
Date: 2021-12-22 
Revision no. /rev. date:  0  /  
  

Client  

Client: NFR 
Client contact person: Anne Kibsgaard 
Contract reference: SP13 
  

for NGI  

Project manager: Jenny Langford 
Prepared by: Marion Børresen 
Reviewed by: Gunvor Baardvik 
 

 
 
 
  

http://www.ngi.no/
mailto:ngi@ngi.no


 

p:\2020\04\20200436\05 leveransedokumenter\rapport\20200436-08-r rombeporfyr\20200436-08-r rhomb phorpyry - data report.docx 

Document no.: 20200436-08-R 
Date: 2021-12-22 
Rev.no.:  0 
Page: 4  

Summary 

Samples of rhomb porphyry have been characterized with chemical analyses and 
different leaching experiments (column, container and standard leaching tests) to study 
their composition and leaching properties.  
 
Results presented in this report show that rhomb porphyry is a stable rock with low 
concentrations of sulphur and heavy metals (included uranium and thorium), exhibiting 
a low risk of leaching high concentrations of metals to the environment when exposed 
to weathering.  
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1 Introduction 

Rhomb porphyry is a magmatic rock with light coloured rhombus feldspar crystals. The 
rock can be found at multiple locations around the Oslo area. The rhomb porphyry is 
characterized by the shape of the feldspar crystals and in total 26 different rhomb 
porphyries are identified in the Oslo field. Different rhomb porphyries might have a 
varying content of metals, including the radioactive metals uranium and thorium.  
 
2 Characterisation of rhomb porphyry 

Rhomb porphyry from Bjønndalen Bruk in Nittedal (Feiring AS) has been used in this 
study. The rhomb porphyry is considered stable/ unreactive and is used in construction 
projects.  
 
The rhomb porphyry was characterised with geochemical analyses. Rock samples were 
analysed for a wide range of heavy metals and elements in a combination designed for 
identifying black shales. The rock samples were analysed for As, Ba, Be, Cd, Co, Cr, 
Cu, Hg, Mo, Nb, Ni, Pb, S, Sc, Sn, Sr, V, W, Y, Zn, Zr, Th and U. The combination is 
called "the alum shale package." The quantity of SiO2, Al2O3, CaO, Fe2O3, K2O, MgO, 
MnO, Na2O, P2O5, TiO2 and LOI (loss on ignition) was also estimated. Analyses were 
performed at the accredited laboratory ALS Laboratory Group AS on ICP-SFMS after 
the standards ISO 17294-1 and EPA 200.8. Hg was analysed with AFS after ISO 17852. 
The content of total organic carbon (TOC) and total inorganic carbon (TIC) was 
determined by colometry, using the standards ISO 10694, EN 13137 and EN 15936.  
 
An alum shale sample from Kleggerud (horizon 2 or 3a) was also included to compare 
the geochemical properties. We also have included results from a study of a rhomb 
porphyry from Skoppum stone-crushing plant reported by NGI (2017). This rock was 
analysed for the elements only and not for the oxides.  
 
The results from the chemical analyses are shown in Table 1. In general, the alum shale 
has a much higher concentration of metals than the rhomb porphyry. The contents of 
uranium and the heavy metals cadmium, chrome, copper, nickel and zinc are all ten 
times higher or more in the alum shale than in the rhomb porphyry. The contents of 
sulphur and organic matter are 567 mg S/kg and 0.24 % TOC in the rhomb porphyry 
(Nittedal) and 18 900 mg S/kg and 5.9 % TOC in the alum shale.  
 
The distribution of the different oxides in the rocks are similar. The exceptions are for 
Na2O and CaO, where the content is ten and four times higher respectively in the rhomb 
porphyry (Nittedal) than in the alum shale.  
 
According to NGU the average concentration of uranium and thorium in the earth's crust 
is 3-4 mg U/kg and 10-12 mg Th/kg. The contents of uranium and thorium found in the 
rhomb porphyry (Nittedal) and the alum shale are over average, while the rhomb 
porphyry from Skoppum has a lower content.   
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Table 1  Chemical concentration in rhomb porphyry and alum shale 

ELEMENT  Rhomb porphyry 
(Nittedal) 

Rhomb porphyry 
(Skoppum) Alum shale 

As  mg/kg <3 2.6 46 
Ba mg/kg 1000 17 733 
Be mg/kg 6.5 1.8 3.6 
Cd mg/kg 0.080 <0.1 7.0 
Co mg/kg 7.2 3.8 19 
Cr mg/kg 9.5 0.9 89 
Cu mg/kg 6.1 11 94 
Hg mg/kg <0.02 <0.2 0.0767 
Mn mg/kg - 809 - 
Mo mg/kg 3.06 <0.4 102 
Ni mg/kg 3.8 <5.0 238 
Pb  mg/kg 6.0 2.4 31 
S mg/kg 567 - 18 900 
Sc mg/kg 7.9 - 17 
Sn  mg/kg 4.4 - 3.7 
Sr  mg/kg 929 108 93 
V  mg/kg 64 5.6 1860 
W  mg/kg 4.9 - 2.5 
Y  mg/kg 44 - 39 
Zn  mg/kg 35 73 379 
Th mg/kg 28 3.8 17 
U  mg/kg 6.6 1.5 69 
TOC % 0.24 - 5.9 
TIC % 0.625 - 0.269 
SiO2 % 51 - 53 
Al2O3 % 16.3 - 16.0 
CaO  % 4.4 - 1.2 
Fe2O3 % 6.6 - 5.3 
Fe mg/kg - 3083 - 
K2O % 4.6 - 5.1 
MgO % 1.5 - 1.6 
MnO % 0.0991 - 0.0268 
Na2O % 4.9 - 0.476 
P2O5 % 0.654 - 0.185 
P mg/kg - 2190 - 
TiO2 % 1.5 - 0.936 
Loss on 
ignition (LOI) % 1.1 - 9.1 
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XRD was performed on the rock samples to identify the mineral composition of the rock. 
In the rhomb porphyry the main mineral is plagioclase, followed by amorphous material 
and K-feldspar. The XRD results show that pyrite is not detected in the rhomb porphyry 
while the alum shale consists of 4.9 % pyrite. The rhomb porphyry contains twice the 
amount of calcite, indicating a higher buffering capacity.  
 
Table 2  XRD-results (in %) 

Mineral Rhomb porphyry 
(Nittedal) Alum shale 

Smectite 0.4 ND 
Illite/Smectite ND ND 
Illite + Mica 1.8 49.2 

Kaolinite ND 0.1 
Chlorite 8.4 Trace 
Quartz Trace 32.9 

K-Feldspar 17.3 6.8 
Plagioclase 45.8 4.7 

Calcite 2.8 1.4 
Dolomite ND Trace 

Pyrite ND 4.9 
Amorphous 23.4 - 

Trace - < 0.5 %, ND – not detected 
 
 
The data from the geochemical analyses was plotted together with reference materials 
of different Cambro-Ordovician formations in triangular diagrams, normally used for 
classifying black shales. The results from the triangular plots are shown in Figure 1. The 
rhomb porphyry (Nittedal) falls outside the clusters of known reference samples but is 
closest to horizon 4a.  
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Figure 1  Relative content in rhomb porphyry (Nittedal) and alum shale 2/3a, compared with 

reference samples from black shales in the Oslo area (2, 3a, 3b, 3c and 4a) 
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To evaluate the potential acid rock drainage (ARD) from the rhomb porphyry (Nittedal) 
and the alum shale samples, AP and NP were plotted as seen in Figure 2. The rhombus 
porphyry has a very low acidification potential and some neutralising potential, and ends 
up in the neutralizing zone, classified as a rock with a low potential for ARD. The alum 
shale ends up in the acidification zone and is expected to produce ARD.  
 

 
Figure 2 Acidification potential plotted against neutralizing potential for the alum shale 

from Kleggerud and Rhombus porphyry from Nittedal, and reference samples 
(2, 3a, 3bα, 3bβ, 3c and 4a). 

 
The ratio between iron and sulphur can be used as an indicator if the metals are tied up 
as sulphides or silicates. If the iron is in surplus compared to sulphur, it indicates that a 
greater part of the metals in the sample is combined in silicates or oxides. Heavy metals 
tied in silicates or oxides are less exposed to leaching since these minerals will not be 
oxidised and therefore are less soluble.  
 
Samples at the line Fe = S 1:1 line in Figure 3 indicate that the metals mainly are 
combined as sulphide minerals. Samples over the Fe:S = 2:1 line indicate that the metals 
mainly are combined in silicates and oxides. The rhombus porphyry sample is placed 
well above the Fe:S = 2:1 line, indicating that iron and other metals mainly are combined 
as silicate minerals, not as sulphides. This means that the metals are strongly attached 
and not very mobile and that the rock does not have a considerable potential for 
liberating metals. The metals in the alum shale, at the other hand, are likely mainly 
combined as sulphides with an elevated potential for leaching.  
 

Neutralizing zone 

Uncertain zone 

Acidification zone 



 

p:\2020\04\20200436\05 leveransedokumenter\rapport\20200436-08-r rombeporfyr\20200436-08-r rhomb phorpyry - data report.docx 

Document no.: 20200436-08-R 
Date: 2021-12-22 
Rev.no.:  0 
Page: 11  

 
Figure 3  Total content of sulphur plotted against iron for the alum shale from Kleggerud 

and Rhombus porphyry from Nittedal, and reference samples (2, 3a, 3bα, 3bβ, 
3c and 4a). 

 
 
3 Column experiments 

Rhomb porphyry (Nittedal) and alum shale were used for column experiments 
investigating the effect of grain size and mixing ratio on the leaching of metals and pH 
development. In this report the column with 100 % rhomb porphyry and 100 % alum 
shale are reported only. For details about the set-up of the column experiments and 
results for the mixed columns, see NGI (2021).  
 
Four kg rhomb porphyry with grain size distribution 0-20 mm was built into a column. 
The inner diameter of the column was 10 cm and the hight of the masses was 31.5 cm. 
The same was done with 4 kg alum shale with grain size distribution 0-20 mm and the 
hight of the masses in this column was 35 cm. See Figure 4 for picture of the 
experimental set-up.  
 
The columns were watered manually with 500 mL distilled water five days a week for 
eight weeks (55 days) and sporadically thereafter for a total of 365 days. At every day 
with watering, pH, conductivity and redox potential were measured in the eluates.  
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Figure 4 Experimental set-up of the column experiments in NGI's laboratory 

  

Figure 5  Development of pH and conductivity with time for eluates from column with 
100 % rhomb porphyry (grain size distribution of 0-22 mm).  
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Figure 6  Development of pH and conductivity with time for eluates from columns with 
100 % alum shale (grain size distribution of 0-22 mm).  
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Table 3  Results chemical analyses of eluates from columns at day 40 and 365 

 Unit Rhomb porphyry 
(Nittedal) Alum shale 

Element/ compound Day 40 365 40 365 
Al µg/l 111 64 0.206 1070 

Alkalinity pH 4.5 mmol/l 0.71 0.72 1.5 <0.05 
NH4+ mg/l <0.004 0.052 0.062 0.0072 

As µg/l 0.184 0.243 0.197 <0.2 
Ba  µg/l 12.3 12.9 20.5 12.2 
Ca mg/l 13.9 20.2 159 395 
Cd µg/l 0.039 <0.03 3.97 505 
Co µg/l <0.005 0.0104 5.29 461 

Conductivity mS/m 9.3 - 74 - 
Cr µg/l 0.269 0.424 <0.01 <0.05 
Cu µg/l <0.1 0.679 <0.1 280 
Fe mg/l <0.0004 0.00264 <0.0004 0.0555 

Fluoride mg/l 0.46 0.62 0.064 0.17 
Hg  µg/l <0.002 <0.002 <0.002 <0.002 
K mg/l 1.55 1.46 9.44 13.2 

Chloride mg/l 1.3 2.0 0.9 <1 
Mg  mg/l 0.811 1.04 22.5 63 
Mn  µg/l 4.21 12.2 388 5170 
Mo  µg/l 32 92 319 0.64 
Na  mg/l 0.838 0.985 0.862 1.55 
Ni µg/l <0.05 0.374 960 10 500 

Nitrate mg/l 0.19 0.14 0.089 <0.10 
Nitrite mg/l 0.003 <0.001 0.1 0.001 

P µg/l <1 <1 <1 <5 
Pb µg/l <0.01 <0.01 <0.01 14.8 
pH  7.5 - 7.9 - 
S  mg/l 1.65 8.45 141 465 
Si  mg/l 1.85 2.63 1.27 5.84 
Sr  µg/l 173 219 1120 3190 

Sulphate  mg/l 4.9 26 320 1300 
Suspended matter mg/l 16 - 3.3 - 

Th  µg/l 0.055 <0.02 0.074 <0.02 
TOC mg/l 0.32 1.4 0.57 1.8 

U  µg/l 1.27 2.44 75 410 
V  µg/l 2.15 2.72 0.0131 0.0334 
Zn µg/l 0.949 0.274 300 20 600 
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Figure 7    Concentration of uranium and sulphur in eluates from columns after 40 and 365 days.  

  

Figure 8 Concentration of nickel and zinc in eluates from columns after 40 and 365 days.  

  

Figure 9  Concentration of cadmium and cobalt in eluates from columns after 40 and 365 
days.   
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4 Container experiments 

Container experiments were set up outside NGI with the intention of simulating 
rainwater percolating through rhomb porphyry (Nittedal) and alum shale masses. The 
rock masses were stored in an IBC container cut open for rain to pass through. The 
resulting leachate was analysed at the sampling times shown in Table 4 to investigate 
leaching of different compounds from the rocks. Results from the first year are presented 
here. A photo of the set-up of the container experiments is given in Figure 10, and in 
Figure 11 the containers with rhomb porphyry (Nittedal) and alum shale are shown.  

Table 4 Experimental set-up at NGI with rhomb porphyry (Nittedal) and alum shale 

Content Repli-
cates 

Water 
addition 

Start 
date 

Sampling times 
full water analysis 

Sampling times pH, 
temperature, 

conductivity, redox 
200 L Rhomb 

porphyry 
(Nittedal) 

2 Rain 21.10.
2020 

1 day, 2, 4, 8 weeks, 
6 months, 1 year 

The first 8 weeks: weekly 
Later: Monthly 

200 L Alum 
shale 2 Rain 21.10.

2020 
1 day, 2, 4, 8 weeks, 

6 months, 1 year 
The first 8 weeks: weekly 

Later: Monthly 

Figure 10 Set-up of container experiment at NGI. 
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Figure 11 Content of container with 100 % rhomb porphyry to the left and alum shale to 

the right 

Figure 12 pH and conductivity in the containers with rhomb porphyry (RM_1 and RM_2) 
and alum shale (VAS_1 and VAS_2) (field measurements).  
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Table 5  Results chemical analyses of eluates from containers after 1 and 12 months 
(Alum shale value is average of two samples) 

 Unit Rhomb porphyry 
(Nittedal) Alum shale 

Element/ compound Month 1 12 1 12 
Al µg/l 3010 773 453 72 

Alkalinity pH 4.5 mmol/l 1.6 1.6 2.0 1.4 
NH4+ mg/l 0.006 <0.004 1.2 0.22 

As µg/l <0.5 <0.5 1.2 0.64 
Ba  µg/l 87 51 53 12.8 
Ca mg/l 45 31 122 368 
Cd µg/l 0.11 <0.05 1.46 13.6 
Co µg/l 0.84 0.25 2.47 9.8 

Conductivity mS/m 26 18 71 183 
Cr µg/l <0.9 <0.9 <0.9 <0.9 
Cu µg/l 5.2 1.2 3.2 2.4 
Fe mg/l 4.7 0.85 0.56 0.11 

Fluoride mg/l 0.95 0.76 0.18 0.05 
Hg  µg/l <0.02 <0.02 <0.02 <0.02 
K mg/l 3.3 2.1 11.6 17.4 

Chloride mg/l 3.3 12 2.4 36 
Mg  mg/l 6.1 3.1 13.9 91 
Mn  µg/l 248 38 231 593 
Mo  µg/l 89 50 454 242 
Na  mg/l 4.7 1.8 6.0 3.9 
Ni µg/l 0.85 <0.6 270 1271 

Nitrate mg/l 6.3 1.9 0.1 <0.1 
Nitrite mg/l 0.0049 <0.001 0.102 0.029 

P µg/l - 0.006 - 0.16 
Pb µg/l 1.8 <0.5 1.2 <0.5 
pH  8.2 7.5 8.0 7.2 
S  mg/l 13 4.2 257 431 
Si  mg/l 2.2 2.2 - 1.1 
Sr  µg/l 205 300 - 2350 

Sulphate  mg/l 40 13 285 1255 
Suspended matter mg/l 170 28 21 8.8 

Th  µg/l 1.5 0.57 0.4 <0.2 
TOC mg/l 3.5 5.6 5.1 8.6 

U  µg/l 5.2 5.1 96 151 
V  µg/l 3.7 1.3 11 0.563 
Zn µg/l 18 5.1 63 959 
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μ μ

  
Figure 13  Content of uranium and sulphur in the containers with rhomb porphyry (RM_2) 

and alum shale (VAS_1 and VAS_2). 
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Figure 14  Content of sulphate and alkalinity in the containers with rhomb porphyry 

(RM_2) alum shale (VAS_1 and VAS_2). 

  
Figure 15  Content of zinc and nickel in the containers with rhomb porphyry (RM_2) and 

alum shale (VAS_1 and VAS_2). 

Figure 16  Content of cadmium and cobalt in the containers with rhomb porphyry (RM_2) 
and alum shale (VAS_1 and VAS_2). 



 

p:\2020\04\20200436\05 leveransedokumenter\rapport\20200436-08-r rombeporfyr\20200436-08-r rhomb phorpyry - data report.docx 

Document no.: 20200436-08-R 
Date: 2021-12-22 
Rev.no.:  0 
Page: 21  

Figure 17  Content of copper and aluminium in the containers with rhomb porphyry 
(RM_2) and alum shale (VAS_1 and VAS_2). 
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Table 6  Results from one stage batch leachate test (L/S = 10) on rhomb porphyry 
(Skoppum) compared with guidelines for deposition of waste (mg/kg). 

 

Rhomb porphyry 
0 -20 mm 

(Skoppum)  
 (L/S=10) (mg/kg) 

Inert waste 
(L/S=10) 
(mg/kg) 

Ordinary waste 
(L/S=10) 
(mg/kg) 

Hazardous 
waste (L/S=10) 

(mg/kg) 
As 0,00926 0.5 2 25 
Ba 0.0256 20 100 300 
Cd <0.0005 0.04 1 5 
Cr <0.005 0.5 10 70 
Cu <0.01 2 50 100 
Hg <0.0002 0.01 0.2 2 
Mo 0.00611 0.5 10 30 
Ni <0.005 0.4 10 40 
Pb <0.002 0.5 10 50 
Sb <0.001 0.06 0.7 5 
Se <0.03 0.1 0.5 7 
Zn <0.02 4 50 50 
pH 9.5 - - - 
Uranium 0.00548 - - - 
Thorium <0.002 - - - 
Conductivity 
(mS/m) 6.2 - - - 
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Table 7  Results from percolation test (L/S = 0.1) on rhomb porphyry (Skoppum) 
compared with guidelines for deposition of waste (mg/kg). 

 

Rhomb porphyry 
(Skoppum)  
0 -20 mm 

(L/S=0.1) (mg/L) 

Inert waste 
(L/S=0.1) 

(mg/L) 

Ordinary waste 
(L/S=0.1) 

(mg/L) 

Hazardous 
waste (L/S=0.1) 

(mg/L) 
As 0.00169 0.06 0.3 3 
Ba 0.014 4 20 60 
Cd 0.0000624 0.02 0.3 1.7 
Cr 0.000627 0.1 2.5 15 
Cu 0.00539 0.6 30 60 
Hg <0.00002 0.002 0.03 0.3 
Mo 0.0103 0.2 3.5 10 
Ni <0.0005 0.12 3 12 
Pb 0.000417 0.15 3 15 
Sb 0.000203 0.1 0.15 1 
Se <0.003 0.04 0.2 3 
Zn 0.0117 1.2 15 60 
pH 8.3 - - - 
Uranium 0.00509 - - - 
Thorium 0.000545 - - - 
Conductivity 
(mS/m) 3.26 - - - 

 
 
6 Conclusions  

The rhomb porphyry rock samples have low levels of TOC, S and metals, included 
uranium and thorium. Results from the different leachate experiments (column, 
container and standard leachate tests) show a stable high pH and a very low 
concentration of metals in the eluates. The rhomb porphyry can be characterized to be 
stable and to have a low potentially risk when it comes to leaching metals to the 
environment.  
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