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Introduction.

This report describes the production of regional geochernical maps of

Grongfeltet (Part I) and provides a cornpilation of data on the follow-up

geochemical exploration ior Mo and Cu in the Sanddola-vatna area

in suuthern Crongfeltet (Part II).

Part I records work carried out by NGTI personnel way back to 1964 whilst

Part 11 records the work of the field projects in 1974 and 1975 variously

known as the "I,angtjern Project", "Trondhjemite Project" or "Molybdenum

Project".

Most ot the author's time and effort has been utilised for Part I in organising

the strearn sediment field and analytical data from Grongfeltet and in estab-

lishing a strean;lined production system. This has resulted in the pnblication

ut thc first 11 150 000 regional -strearn sediment geochemical Inaps Ol Grong-

feltet, ompletion of 49 others ready for immediate publication and Cot:


mencement of several more.

The remaining time available has been expended on Part II in field work and

in seleiting strearn sedirnent, soil, moss and bedrock sarnples for chernical

analysis, and controlling and guiding the data through to the stage of data

plotting. The field work and chemical analytical programmes are complete,

and the rnap plotting programme is essentially complete. The rew,:ired

polishtd and thin sections of the rock samples have been Inanufai tured

kough detailed petrographic studies have not been made. Sume inter -

pretation of the data has been presented previonsly in reports 12.8(+:1 in

1971, 12.89 (2 in 1975, 1289/3 in 1976.)in diverse notes and proposals (see

appendix 1) and someis presented here in this final report 12-s(J 4 of 1'  77.

It has not proved possible, unfortunately, to carry out as toltt li 11:tc r:t

work for Part II as was hoped. However, this hurried compilatiun records

or references all the necessary raw data for an integration of the gei“ :-.r  ,1L. al

surveys with geological and geophysic_al surveys. Eurthermorc tur geu -

hemit. al data provided here is considerably in excess of that spy. ihin ir the

budget arrangement for the 1975 field project (compart appendix 2 vHth

table S 0 - 13).

2)a- 1"--, •
A

David C. Sinith
Geochemist


30 April 1077
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I. 1 Preface.

The first eleven 1:50 000 regional stream sediment geochemical maps of

the Grong District were published by NGU in December 1976. This report

provides the first cornpilation of all of the stream sediment data from

Grongfeltet and an up to date review of the progress achieved with map

production.

Since a comprehensive record of sample collection, chemical analysis
nrt

and map plotting was not built up from the beginning of stream sediment

sampling programme in 1964, this compilation necessitated considerable

historical research to make it as accurate as possible. Due to the absenc

of original data or relevant inforrnation in some cases, these are a few

omissions in the data and a few in_accuracies may in expel ted in the

compilatiOn.

'Fhe map production routine has now been organised such that production

of the rernaining geochemical maps of the Grong District will be a relatively

straightforward rnatter.

1.2 Map sheets.

The stream sedirnent survey areas for each field season were selected

according to prospecting considerations by Grong Grube A,S and/or NGU„

usually with no regard for the boundaries of Norway's grid system for

1:50 000 map sheets. Excluding samples taken in 1761 in the S rU distrU t,

all of the samples taken lie on one of the following eleven 1: 50 000 mao

sheets

ANDORSJOEN 1823 IV
BREKKVASSELV 1824 I
GRONG 1823 IV

HARRAN 1824 III
ITUDDINGSVATNET 1924 I
LI1  1INGEN
MURUSJOEN
NANISSEOGAN
NORD LI
ROYRVIK
TUNNSIOEN

1924 II
1<f23 I
1824 II
1923 IV
l'f2-1 IV
1924 III

except that a very small number lie on the edge of map sheet MAJAVATN

1925 III and have been ignored here.



4

Map nr. 1276 - 02 displays the location of the map sheets and shows the

approximate areas covered by each field season's sampling; as indicated

by the year and the oppdrag number. It can been seen that in general terrns

the surveying began in the Joma area in 1964-65, then continued into the

Gjersvik, Skorovatn and Rosset - Godejord areas during 1969-1972 and

finished with the Sanddola - Nesavatna areas during 1973 - 1975.

Although samples were normally collected at a uniform density, this

density was occasionally changed according to prospecting criteria; this

is particularly noticeable on map sheets HARRAN and NAMSSKOGAN (see

map 1276 - 02). The sampling density and boundaries of survey areas are

therefore generally unsuitable for the production of regional geochemical

map sheets. Only map sheets ROYRVIK and perhaps BREKKVASSELV

can be considered to have a satisfactory distribution of sarnples.

Table 1 indicates the precise relationship between the samples taken with-

in each oppdrag and the map sheet upon which they are located. Prove-

numrnerkart enclosed here give the exact locations of all samples on all

eleven rnap sheets.

Apart from the excluded samples on MAJAVATN rnap sheet, sorne samples

taken between map sheets ANDORSJOEN and GRONG and between NAMS-

SKOGAN and HARRAN are also excluded here. This unfortunate situation

arose from the fact that all draughting of map sheets GRONG and HARRAN

was based on NGO's series M711 topographic maps whilst ior all other map

sheets NGU's air photograph mosaic was used as a base. This resulted in

a narrow zone, up to 1 km wide, being draughted on neither set of maos.

There are many topographical t.naccurac es on several map sheets, in

particular the directions of strearn flow. This is either due to oecasional

misinterpretation of air photographs or to errors on the older NGO rnaps

series M711 1:50 000. Sorne inaccuracies have been corrected but many

remain. Since new NGO maps are now available for all eleven rnap sheets

except MURUSJOEN, the remaining topographic inaccuracies could be

corrected but in general this will necessitate a re-exarnination of original

field overlays to air photograph and will necessitate a considerable amount

of work.

On the new NGO series M711 map sheets, some of the map sheet nanies

have changed; thus NAMSSKOGAN has become SKOROVATN.



Table 1 also indicates the sampling carried out by Skorovass Grube A S

in 1968-1969. These samples were analysed by NGU and are plotted on

the regional map sheets. Other samples taken in 1970 were analysed by

Terratest A:S by an analytical technique different to that at NGU and are

therefore not taken into account here. Other samples taken in 1971 were

analvsed for Co. Pb, Zn and N• by "Mosal" (? Mosjoen Alurninium) by

an atomiL absorption technique and have been plotted on the regional rnaps.

NGU reç eived data olotted on transparent maps and does not possess the

sample numbers.

Skorovass Grube A S produced some enlarged 1:20 000 maps of stream

sediment sites on the Namsskogan 1:50 000 rnap sheet. Their sample

numbers do not agree with those on NGU's rnaps but the sample sites

apoear to be the same. The following correlation appears to 0 true.

Year Skorovass NGU NGU Sarnples AnalytiL'al Data




numbers nurnbers oppdr ag archived method at on Tilotted

1968 0- 999 510- 933 P 36 NGU AAS NGIT Yes

1969 1000-1999 1- 952 912 NGU AAS NGI" Yes

1970 2000-2999 No No , Spekt. Terratest No

Ir.471 3000-3999 9 No .-) AAS MOSA I. Yes

1973 4000-4999 2001-1316 1177 NGU rniqj NGI: Yes

Sorne stream sediment samples were taken in the Grong District as part

of detailed follow-up prospecting projects. Their high density of sample

sites is unsuitable for draughting on the regional 1:50 000 map sheets and

thus they have been excluded from the rnap production. They inclnde: -

Year Oppdrag Samples Location Map sheet

1965 602 1001-1972 Orvannet




1969 912 701- 852 Verdal




1970 974 8479-8628 Gjersvik lioyrvik

1070 974 1801-1850




1974 1289 1- 282 Fremstfjellfeltet Nan,s skogan

Excluding these detailed surveys, a total of 14 2 12 strearn sediment

samples have been collected by NGU in the Grong District.
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I. 3 Sarn lin technic ue.

The routine stream sediment sampling technique at NGU has been described

by Bølviken, Krog and Næss (1976) on p. 383 in the Journal of Geochemical

Exploration,volume 5 no. 3. The essential features are that strean:

sediment material is wet-sieved in the field and that the sieve size is

0.18 mm. Other details are given by Bolviken et al (op cit.) as follows:

The sieve is filled with stream water and placed horizontally on the ground.

Active stream sediments, collected with the trowel from the rniddle of the

stream, or at least 1 m from the bank, are placed in the sieve and screened

by stirring with the fingers or a kitchen spatula. Goarse material not

passing through the sc reen is discarded, and the procedure repeated until

sufficient fine-grained material is obtained in the colleeting pan. Streani

water is added to keep a constant high water level in the sieve during the

sieving process. Aiter settling for a few minutes,the water in the collecting

pan is decanted, and the sediment sarnple transferred to a pre-numbered

paper bag. Total sampling time at each site normally varies between 10

and 30 minutes depending on the local conditions."

Samples were normally taken every 250 m along strearns without tributaries,

plus a new sample in each tributary. In general first-order strearns were

ignored, but all second-and larger-order stream were sarnpled.

The oppdrag number is the essential identifier of a sample lalong with its

sample number within the oppdrag) for its location in sample bags, in

analytical bottles, on maps and elsewhere.

Sarnple numbers within an oppdrag are generally consecutive. llowever,

occasionally new numbers have started in new areas giving rise to gaps

lsee especially oppdrag 1177 on table 1). Also a few samples were lost or

damaged prior to analysis. Several samples were analysed for sonm ele-

ments but not for others  sin( e all of the original m eaterial had already ben

used up during the prtvious analyses. Thus the total number ot analvsed

samples plotted on a map often differs by a small quantity frorn the n'in:ber

of samples collected trom that map sheet.

All work coneerning the production of regional geochernical maps in the

Grong District to date at NGU concerns only stream sediment samples.

Other samples (soil, moss, rock) have been collected for prospecting

projects and are not yet intended for publication on a regional sk
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Innumerable sampling errors no doubt exist and include variations in

i) an individual sampler's technique, ii) between different samplers,

geological/geomorphological /geochemical factors at different sites,

short- and long-term climatic variations, v) transport, storage and

drying. A thorough systematic investigation and evaluation of these

potential and actual errors has never been rnade.

The historical investigation of earlier surveys revealed a few disturbing

facts, in particular that i) some stream sediment samples from oppdrag

1177 in 1973 were stored wet for two months before drying; since the
tht a<isctr# re•nyle bag

chemical changes, such as element migrationiare unknown, this data must

be treated with caution; to what extent this kind of fault occurred in other

surveys is not known.

ii) different field samplers at NGU have considerably different habits in

the collection of the organic-rich fine fraction of the stream material;

this presumably leads to significant sampling errors.

It is nevertheless hoped that in general most analytical results are reliable

up to a factor of three times greater or smaller than the result provided,

though in individual cases a factor of perhaps ten or more may occur.

Thus as a working hypothesis one assumes that an analysed metal content

of 30 ppm represent a true value lying within the range 10 - 90 ppm.

1,4 Anal tical techni ue.

The routine sample treatment and analytical technique at NGU is as follows.

1 g of dried, re-sieved 0.18 mm) sample is digested with 5 ml 1:1 11NO3


for 3 hours at 110°C, then diluted to 20 ml, and filtered. Elements are

then determined in solution by atomic absorption spectrometry. Normally

only one analytical determination is made for each element in each sample

and this raw data value is plotted directly on the maps. Analytical control

is mon itored by duplicating the analyses of selected samples, usually

including the highest values. However, the accuracy and precision of

this routine hot-extractable heavy-metal atomic absorption analytical

technique has not been thoroughly evaluated, though the precision is likely

to be better than the uncertainties in the sampling technique.



Samples collected during the early surveys in the Grong District were

analysed for only Cu, Ni, Pb and Zn in most cases, though a few samples

were analysed for Cd, Co and V. In 1969 (oppdrag 905) extensive road-

side sampling took place and these samples were analysed for Cr. Sub-

sequently some samples were analysed for Ag, Ee and Mn. Then in 1973

Mo analysis began. In order to have cornplete sets of data for compara-

tive and regional studies and regional map production, analysis began in

1974 of old samples for new elernents. Excluding Cr, eleven elernents

have been selected (Ag, Cd, Co, Cu, Mn, Mo, Ni, Pb, V, and Zn)

and determinations of all these elements in all samples has been requested.

Table 2 indicates the progress of the analytical programme by April 1977.

This shows that the only data lacking is Mo in those samples collected prior

to 1972, Ag, Cd, Co, Ee and Mn in all samples collected during 1972 and

in one group during 1973,and Cd in those samples (ollected after 1972.
When the programme is complete 156 332 analytical determinations will

have been made.

I. 5 Data plotting.

Table 4provides a review of the symbol sizes utilised for each metal on

the regional 1:50 000 maps. Ideally the frequency distribution of metal


concentrations on a particular map should be plotted before choosing the

ranges of symbol sizes to be used. In practice however, it was necessary

to decide the symbol ranges before all of the necessary analytical data was

available. Also the fact that differunt map sheets have different frequency

distributions necessitates either different symbol ranges on each rnap or

a fixed symbol system which occasionally leads to some maps been dond-

nated either by large or by small symbols. The latter case was hosen

such that the symbol size s were standardised.

The number of symbols per tenth power was chosen according to the steep-

ness of the curnulative frequency distribution curve of the available data at

an early stage,and is four for Cu, Ee, Mn, Ni, V and Zn and five for Ag,

Co, Mo, Pb. Medium-sized symbols were chosen to represent concentrations

close to the medians of the frequency distributions.
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Small discrepancies occur between the symbol system given in table

and the symbols plotted on some maps. This results from an incon-

sistent policy applied by different workers in dealing with the precise

numbers used as limits for each symbol range. The upper limit to a

range should be the antilog of the relevant fourth or fifth part of unity.

Thus anti1og 0.2 = 1. 585. Depending on the number of digits neglected

or not in rounding, on rounding up or down, and on the 10th power in-

volved, several alternative ppm limits can be chosen every 10th power

as follows: -

1.




15.




158.




1585.

2.




16.




159.




1586.

1. 5 15. 8 158. 5 1585.

1. 6 15. 9 159. 0 1590.

1.




101




100.




1000.

1. 5 15.




150.




1500.

1, 6 16.




160.




1600.

Furthermore the choice of the lower limit for the next symbol can be

0.1, 1.0, 10 or 100 greater than the upper limit for the preceding symbol.

The discrepancies are generally insignificant at low ppm values but are

more common at higher values. Thus 399 ppm Pb ought to plot as a star

since it exceeds the antilog 2. 6 (398. 1 ppm) value,but in fact it is plotted

as a large circle. Compare also 39 ppm Mo with 40 ppm Pb which ought

to have the same nurnber. Moreover at high concentrations the 4- or 5-

symbols per 10th power rule was occasionally changed; for example the

smaller star normally denotes 1800 ppm Ni but has been also used to

denote 3200 ppm Ni. Such discrepancies will however, not lead to a

sample being plotted more than one size greater or smaller than its

correct size.

It is suggested that these discrepancies are elirninated in future projects

by establishing a fixed system of establishing digits.



I. 6 Ma Production.

Eleven elements determined on samples located on eleven rnap sheets

gives rise to 121 geochernical maps which can be published.

Progress with rnap production is indicated on table 3 where a four-fold

classification is ernployed.

Thus 11 rnaps have already been published (December 1976), 4? are ready

for publication and thus awaiting only authorisation, /3 are partly complete

and çq have not yet begun to be draughted. Several maps which are partly

complete are presently held up by a lack of complete chemical analytical

data.

In order to facilitate and maintain a complete and up-to-date review of

the detailed state of map production a special "kontrollskjema" has been

prepared-lappendix 3N. One kontrollskjema is utilised for each individual

map. Thus 121 kontrollskjerna are kept in one archive binder in the geo-

chernical draughting room. They are stored first in alphabetic Sl'CUl•n  t•

of rnap sheet name and second in alphabetic sequence of element symbol

within each section. Four sections are established comparable to the four-

fold classification on table J. Map sheet NAMSSKOGAN needs two sheets

for the kontrollskjema since there are so many diffe rent oppdrags involved.

Each kontrollskjema specifies exactly whidh map sheet and elen.ent it

concerns and the draughtsmaniwoman regularly fills in the progress

achieved according to the set of instructions lappendix 4). Thus the

kontrollskjerna integrates and r•( ords the progress achieved, it being

assumed that the samples were correctly sampled, analysed, located and

plotted by the respective workers. When all the items are complete a

geochemist certifies that all is in order by signing the "godkjennelseu and

then the map is ready for publication.

I. 7 Comrnents.

Only the production of the regional geochemical rnaps of Grongfeltet has

been described here since the obviously-necessary statistical treatment

and geochemical interpretation has so far only been done in connection

with specific local ore exploration projects. Thus data treatment and
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interpretation ought to be carried out on a regional scale; the results

could conveniently be published as map descriptions in NGU's blue

"skrifter" series. Even if the data is not exhaustively treated before

publication of the map, at least the data available on the maps should be

examined for indications of potential ore mine ralization of types other

than the conventional Cu, Ni, Pb or Zn ores sought in Grongfeltet Thus


for example the Mo strearn sediment anomalies on the Royrvik map sheet

ought to be investigated prior to publication of that map(5,, aPP.'“'»

It is perhaps appropriate at this time to reappraise th,• ned for the prado tion

of all 121 rnaps. Geochernkal maps can be usetul in a wide variety Ol

fields other than ore-exploration such as agriculture, area planning, geo-

rnedicine and others. However, it is questionable whether NGL's geo-

chemical rnaps of Grongfeltet, having irregular sample densities and

distributions and mostly being drawn on innaccurate topographic base

maps, are sufficiently well-suited to justity the continued expense of

their production and publication.

It rnay also be appropriate to review the most beneficial method of production

of these maps. No computing work has yet been carried out upon the regional

strearn sedirnent data in Grongfeltet. It has taken one or two draughtsn,en

several years of full-time work to reach the present stage of map production.

However, it is likely to take only about two years fu11-time work for ont:

draughtsman woman to complete the work with the new streaniined uro-

duction routine Theoretically all of these rnaps could be produced in a


couple of hours rather than a couple of years by utilising a mudern 1C1)T3

data storage:retrievaD plotting system. Previous experience of attempts

to apply such a systcm in NGU's geochernical section have been described

in "A preliminary assessment of the EDB system NGUSYS with cDnunents

on the use of EDH tor statistical treatrnent of geochemical data and the

production of geochemiLal maps" by David C. Smith, 7 April 1973 H-epro-

duced here in appendix S). Those early attempt were thus not enL ouraging

and suggest that it would take much more than a couple 01 years at un-

specinable cost to create a tool-proof EDR system to allow the rapid pro-

duction of all these maps.



II. 1 FIELD WORK

1n 1973, regional strearn sedirnent surveys were carried out in three

districts Berg (ANDORSJØEN), S. Tunnsjøen (TUNNSJØEN + NAMS-




SKOGAN), and N. E. Røyrvik (RØYRVIK IIUDDINGSVATNET) and a

reconnaissance survey was made in the Ileirndalshaugen district (11ARRAN

- NAMSSKOGAN) (see map 1276-02). Field notes are recorded on the

routine field cards archived in NGU's geochernical section.

In 1974, stream sediment surveys were carried out in the Skarfjellet -

Gaizervatnet district (regional), Frernstfjellet district (detailed) and

lov.er Nesiadalen (reconnaissance). Field notes from all are re«,rded en

the routine tield (ards. Field notes from a few days prospecting and rock-

collecting by the author in the Fremstfjellet distriet are recorded in

appropriate parts of NGU reports 1289:1 og '2.

In 1975, stream sediments were collected in the Reinsjoen/Piggvatn district

rnostly on a regional scalebutwith some reconnaissance surveying into the

Sanddola trondhjernite. Field notes are recorded on the routine field cards.

Field notes from D. C. Smith's prospecting, including a few days inapping,

are provided in appendix 12 here. T.H. Tan's prospecting mapping verk

is noted in his report of December 1975 included here in appendis10:.- 1.T

Fiele workers in 1974 and 1975 were as follows:

1974: Smith • Sordal 2 temporary assistants (Solberg t Sandberg).

1975: Smith Ekremsæter - Tan ((rom Grong Grube A/S) 1 temporary


assistant (Gravbrot)

so,nplts con ec ftd re rtear dal ckp tindik . 3 1 •

11. 2 STREAM SEDIMENTS 


II. 2. 1 Introduction.

The most important Mo 4- Cu results from the 1974 regional survey (oppdrag

1276), detailed survey (oppdrag 1289) and reconnaissan.ce survey (oppdrag

1289) (see map 1276-02 for locations) were recorded briefly in NGU report

nr. 1. The were discussed further in NGU report nr. 1289 2 alung

12



with a full discussion of the Mo, Cu, Pb, Zn & Ni results from all the 1974

surveys and also the 1973 regional surveys (oppdrag 1177) which had not

been previously recorded.

The Mo + Cu results from the 1975 regional survey were provided in NG1:

report nr. 1289 '3 where the new Sanddola -Nesåvatna 1:20 000 base map

v‘as presented. Map 1368-08 which was included there sirnultaneously

presents the Mo and results together with the 61 mutingsomr,ider


1-1-76.

Analytical results are now available for ten elements Ag, Go, Go, Mn,

Mo, Ni, Pb, V, & Zn frorn all surveys in the Sanddola - Nesåvatna district.

II. 2.2 Map data. 


In order to sirnplify access to the data from different years, oppdrags and

previous reports, all of the rnaps prepared for this project (a total of 91t,

are assembled in this renort (see list of maps). They are brieflv noted

below.

N1a nurnbers 1276-01 to-03.

Maps -01 and -02 are 1:250 000 oversikt maps which provide an instant

review of a11 strearn sediment surveys in the whole Grong District together

v.ith identifying oppdrag numbers, dates and map sheets. The up-to date

version -02) is therefore a key rnap.

Nlap -03 shows the new Mo-anomalies revealed by the analysis tor Mo in

samples collected in previous years. Other earlier sarnples are still

awaiting Mo analysis,so some parts of the rnap are incomplete (see tables

1 & 2). Three areas on the ROYRVIK rnap sheet are worthy of detailed

tollow-up studies, in particular the locality N.E. of Royrvik habitation,

since preliminary data is as promising as the prelirninary data in the Fremst-

fjellet District in 1973. Appendix 11 gives the author's pruposal for further

exploration in these new districts. ,qppevid r I5- prr

	

(1-C rZ 4, / 2 "7-6- 0 3 .
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Nla numbers 1289-01 to -26.

These rnaps provide the analytical data values, syrnbols and sarnple sites

for 10 elements in the detailed survey over Fremstfjellet on the scale

1:5 000. Special 1:50 000 maps (-18 to -22) show the surrounding regional

pattern for 5 elements. Two maps provide data on loss-on-ignition and

on stream order which are relevant to an interpretation of the element

values. The relationship between element concentration and symbul size

on the 1:5 000 maps given on the maps,is not nek essarily the same as on

the regional 1:50 000 maps.

Nlap nurnbers 1289-27 to -3/,

These e r e produced to display data on 4 different elements simultaneously

as an aid to interpreting the distribution of Mo and Cu with reference to the

distribution of NIn and Ft. They were also produced as an experirnent in

cartography and have been widely welcomed as an advance in visual display

of geu( humical data. This aspect is described in section II.2.3.

M p - 3 pro 01-£.1 eqb ti rc'k of /2:62r

N1ap non.bers 1368-01 to -1

These maps on the scale of 1:20 000, drawn from NGU's air photograph

mosaic over the Grong District present the data frorn the Sanddola

Nes.  vatna district more clearly than is possible on the 1:50 000 scale regional

maps. They provide data from all of the different surveys which came with-

in the bounds oi the map (which has almost the same longitude boundaries

a!; the NGO series N1711 1:50 000 map sheets ANDORSJOEN and TA N1SSiCoGA:,:

and has latitudes selected to just include the Sanddola and Nes.ia rivers)

ex( ept tor the detailed survey at Fremstfjellet (oppdrag 1289). Data

the latter are presented on the maps from oppdrag 1289 des( ribed

•I'he surveys included un these maps are therefore :

Year Oundrag District

1973 1177 13erg

1973 1177 lleimdalshaugen

1974 12-7o Skarijellet - Gaizervatnet

1974 1289 Ne sAdalen

1975 1368 Reinsjoen/ Piggvatn

lt



This set of maps provides data on sample sites, and on Mo and Cu in

stream sediments .with the author's new plotting techniqueutilising crosses

(appendix 13), and displays two muting proposa1s - that proposed by

Smith (20-11-75) and that enacted by Ilaugen (1-1-76). Also provided is

compilation of Gale's 1:20 000 geological rnaps from NGU report nr. 1203
ner

(map -001,and rav. data for an investigation of the relationship between the

altitude of stream sediment sites and element concentrations (cf. appendix

6). app,tt IS prti. I.LJ hi c,/ ef-tr A
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Ma numbers 1546 - BEKK.

Part I of this report described the production of 1:50 000 regional stream

sediment geochernical maps over the Grong District and presented examples

of 20 finished maps in which the chemical data is displayed in the form ut

in ular symbols according to standardised element coneentration: symbol

size relationships (table 4). The raw chemical data for the two maps

(ANDORSJOEN and NAMSSKOGAN) which cover the Sandd‘51a - Nesivatna

district (mans 1368-01 etc.) is archived on chemical data sheets in manv

diffe rent loLations of the diverse oppdrags and years of field V.ork


and of analysis. In order to provide the necessary data in a more accessible

form, 20 maps 10 each for ANDORSJOEN and NANISSKOGAN) giving the

element concentrations for 10 elements are presented here. The sample

site numbers are given on the following "provenumer"maps (st*helov).

Chemical data for the remaining 9 map sheets in Grong District are not

included here since they are not so directly concerned with the Sandc1L)la -

Nesavatna distriet.

1n order to record the precise extent of stream sediment sampling in Grong-

feltet, and to clarify the distribution of oppdrags- and map sheets sum-

marised in table 1, "provenummer" rnaps of all 11 map sheets are alsu

included here.

Ma numbers 1573-01 to -04.

These four rnaps were prepared as part of an investigation into the optimum

sampling density of stream sediment surveys which is described in set tion

11. 2. 4,

I(



numbers 1573-05 to -14.

Cu and Mo are the only elements plotted to date on the 1:20 000 maps (see

maps 1368-01 to -12 above). Regional 1:50 000 maps of the other 8

elements are not yet complete for the NAMSSKOGAN rnap sheet ;see table

3). Ilovever. the southern part of the NAMSSKOGAN sheet and the

northern part of tlu ANDORSJOEN sheet are complete. These have been

combined on to a set of special 1:50 000 maps which (over exactly the same

area as the 1:20 000 maps and are presented for the elementrAg. Co, C..,

Mn, Mo, Ni, Pb, V and Zn on rnap nurnbers 1573-05 to -14 respectively.

The relationship between element concentration and symbol size is the same

as given in table 3 and on all other 1:50 000 maps.

II. 2. 3 An ex eriment in the carto ra hical resentation

of ,eochemical data.

Geochemical maps commonly show data from only one element. Carto-

graphical research is in progress in various geochemical institutions in

the world in an attempt to devise an optimum method for presenting multi-

variable 4euchemical data simultaneously, which would greatly assist in

the interpretation of geochernical surveys. However, no single tehnique

has yet re( eived consensus support.

At NGIL it is conventional to plot circular symbols for one element with

the size ot the circles representing rnetal concentrations. Two elements)

Mo and Co were ot most interest in this exploration project in southern

rongfelte t, and thus the author decided to devise a suitable technique fu r

easily presenting data on two ur four elements simultaneously.

Instead of the conventional circular symbols, sample sites are indicated by

rosses with one axis per element. The crosses have Lonstant length Llmm)

and their thickness represents the metal concentration according to a_

provided vith the trequency distribution diagram. The c ross shape

"X" was considered slightiv superior to an alternative "L" shape.



It was found convenient to use two thicknesses per tenth power and thus

the 6 thit knesses availab1e cornmercially suitably cover 3 tenth powers

which is generally adequate. The pprn ranges for each element were

chosen such that the median for the element distributions lay between the

3rd and .1th thicknesses, thus providing a comparable density of the different

thicknesses for different elenwnts.

c:u- Mo vere first draughted on to the usual base map (1289-002) to yield
,thap 1289-27, but Mo Fe (inclined at 450 ) were plotted on a plain trans-

parent overlay (1289-29). This overlay was then reproduced with a base

notp undurlay (128)-002) to yield a map (1289-30) upon v.hich the frequen( y

c orves tor Mn and Pe vere dravn (1289-31). Map 1289-32 was prodo.

by copying the Mo Pc overlay (1289-29) with the Co  Mo underlay (1289-


27) to vield a .1-element rnap (1289-32) upon which the remaining two

frequem.y curves were drawn yielding the final product (1289-33)

The production technique was considered satisfactory but is capable of

improvement. In particular the sample sites on the overlay can be located

n,ore precisely to ensure that the crosses are superimposed accurately.

Instead of constructing crosses froni commercially-available lines, suit-

able crusses or at least ready-prepared lines of appropriate length could

be ordered commercially.

One of the reasons tor developing this plotting technique is that these kinds

of lines and c russes are particularly suitable for certain computerised

draying ma‘hines such as the Kingmatic at NTH. Thus a computer system

ould easily developed for reading large amounts of chernical data and


plotting scleeted elements and c umbinations of elements. The 9)(-1 ar,„

angles ot the lines ould be .hanged and perhaps more than four elements

could be plotted, though six would appear to be a maximum to preserve th.

usefulness of the technique. The technique of utilising the thickness  of lines

tu represent (oncentration is unsidered superior tu using the length ut

lines as is done un sume geochernical maps in the British GeoiogiL al Survey,

since the latter auses considerable interference and confusion between

the different sample sites.



It is considered that this new plotting technique has useful advantages ove r

the conventional technique of plotting circular symbols. It is thus recom-

mended for implementation, in its present or a modified form, as a routine

technique in the production of geochemical maps and certain kind of geo-

logical and geophysical rnaps.

Map 1276-03 exhibits the use of a lines instead of circles to represent just

one element and shows that line symbols are well - suited to the presentation

of closely-spaced sample sites which would be totally obscured by cirt u1ar

symbols.

II. 2. 4 A com arison of sarn lin' densities and distributions of


diffe rent technicues of stream sediment surve 'in

NGU uses tvo major technicmes of strearn sediment surveying : 1) "road-

sampling" by ‘thich tvo samples are collected from eyery stream inter-

secting every road such that all samoling sites are easily accessible by

car, 1, -mountain-sampling" by which the samplers leave roaOs and

into the mountains, often ior many days, and collect one sample every

250 m upstream every stream greater than a certain very sma11 siZe.

The advantages of the tvo tet hniques are that a greater distance can be

coyered ur unit time by "road-sampling", whilst a more unitorm and

meaningml sampling distribution t_an be obtained by "mountain-sampling".

Mountain-sampling was ernployed in NGLP s Grongprosjektet whilst ca r-

santplin v, as employed in NGU's Blyprosjektet. lloth projects involved

rnany years, thousands of samples and great cost, and nov that both are

completed one cou1d make a useful cost 'benefit analysis of the tvo samp i/  -;
techniques.

As a first step, a preliminary investigation was started with the ROYI<V1K

map sheet since this map sheet has the g reate st extent of surveying \kith

the "mountain-sampling" technique and also has the greatest numbe r of

roads on the map sheets frutu the Grong District.



The element Cu was arbitrarily selected. Map 1573-01 records the "road-

sampling" data from oppdrag 905 in 1969,including some sampling by boat

at lakesides. Map 1573-02 records the "mountain-sampling" data from

nurnerous oppdrags frorn 1964 to 1973 (see map 1276-02). Map 1573-03

records both sets of data and is not significantly different from map -02.

Road- and lakeside-sarnpling is,however, useful when carried out prior to

mountain-sarnpling as is usually the case.

Map 1573-04 sho\ks the sampling distribution which would have occurred if

the road- and lakeside-sampling of 1969 had been more complete (compare

map 1573-02).

The cust of sampling and analysis, and the benefit from the results from

mountain--sampling are considerably greater than the cost of sampling and

analvsis, and benefit frorn car-sampling but both probably have sirnilar

benefit per unit cost. It is the opinion of the author that both techniques

are inefficient because of a too-high density of sarnples. In particular

a) rnountain-samplers tend to concentrate on strearns near to their carnp-

site and thus tend to saturate some drainage basins whilst hardly touching

uthers thus creating inhomogeneous sarnple distributions and b) car-

sarnplers often take sarnples from several nearby streams of sirnilar

size and underlying bedrock which do not provide much extra information

than any one of them alone.

It is suggested that in future

An effort is made to restrict sampling to streams within a more

restricted stream order range, i. e. excluding rivers (greater than

stream order 5) and drainage channels (smaller than strearn order 3).

In this connection one can examine map 1289-25 which shows 282

samples from stream orders 1 - 5 of which 50 are from strearn orcers

3 - 5. If collected for a  regional survey with a density slightly lower

than one per 250 m along only stream orders 3 - 5 then about 20 samples

would have been collected and it is suggested that this would be an

optimum nurnber. The Fremstfjellet survey was of course not a regional

survey', sampling all first and second order streams is considered

fully justified in this detailed survey.



Topographic maps or air photographs should be examined beforehand,

if available, such that sample sites can be selected beforehand as

rnuch as possible. This would lead to a more uniform and scientiti ally -

useful selection of sample sites, and would assign this important

selection to the geochemist in (harge, rather than to the relatively

inexperienced field samplers. Indeed a lack of adequate preparation

is probably the greatest single cause of inefficiency in stream se(iiment

surveys which are olten not regarded as sufficiently important scienti-

fically to justify proper scientific management.

The "rnountain-sampling" technique involves taking one sample every

250 ni (or another fixed distance) up each stream and takibg two at

every strean. junction (une in ea(_11 stream immediately above the ji:EL tion).

Since a junction is not often exactly 250 m above the preceding sample

sitc, then the average inter-sample distance is obviously reduLed wh:ch

results in a greater sample density than might be expe(ted or

Sampling per unit distance is therefore inefficient, except in long

stretches of a strearn devuid of tributaries, and should be (iiscontini

Sampling should thereture be restricted to stream junctions. This

would be even more efficient in terms of time in the field, espet irilv

v.hen many field parties comprise two samplers, since both ould

sample simtdtaneously in the streams immediately above the jun. tiun.

Furthermore this rule would be less arnbiguous to inexperieru

samplers, as are, untortunately, most stream sediment samplers

employed during summer field seasons in Norway.

"Road-sampling" could be improved

a) by reducing the number of streams sampled by cutting out the iov.

order streams, and closely-spaced higher-order strearns, b) by

walking (if possible) upstream to the first stream junction and to t ke

samoles in each stream rather than to sarnple only just above th(

roadside, by walking into the mountains to take samples,in areas


in at essible by road with a density comparable tb the c ar-

Such a sampling plan would provide a valuable reasonably-uniform tUVt•rage

over the whole map-sheet with considerably reduced field, analyti( al, and

data treatment and production costs compared to a full mountain-sampling

survey )(It vould provide geochentical information almost as valuable.

This sampling plan can be refined by a detailed statistical study and a more
r<ft r

detailed cost benefit analysis of the area to be surveved the prl't is

irpuse 01 the survey.

20
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11.2.5 Corn arison of Stream Sediment, Moss and Bank Sam les.

In order to carry out a prelirninary investigation into the comparative

geochemic al chara( teristics of stream sediment, moss and stream

bank samples, all 3 sample types were collek ted at five normal stream

sedirnent sites in Rettbekken in Premstfjellfeltet (oppdrag 128)). The

moss and bank samples were also ashed >180e) and analysed < 180 FL

appendix 13-1).

The sampling technique and analytical data are provided in appendix 13.

Preliminary inspection of the Pb, Zn, Mo & Cu data reveals the following

relationships ut hot HNO3-extractable metal concentrations:

1) Moss >- Bank in 100", of ases

21 Moss Sediment Rank in 75', of cases

3) Moss Ash 5 hank Ash in 95" of cases

Mc)ss Ash > Bank Ash > Moss 5 Bank in 75°,10of (ases

5) tH• duplicates generally gave a guud reproducibility

b) th, moss samples give higher loss-on-ignition (range 33-59"' ) than

the bank samples (range bearing in mind that these are

1807. samples fappendix 13-1) and thus do not irmlude the muss

leaves.fis an example oi the most (ommon relationshin between

the difterent samples,the Co values for stream sediment sample

site 37 are listed here.

Moss Ash > Bank Ash > Moss > Sediment > Bank site nr. 37

2650 > 2010 > 900 > 720 > 505 pp C:

II appears trom this data that a stream survey based only on moss san.ples

or only on bank sarnples may give a pattern of element distributions over

about 75" similar to a survey based only on sediment sarnples. "1"he

dift-erer., up to 257; of relationships rnay be sufficient to mislead the

investigator in «insideration uf lo( al anomalies but will be of less -

quel“ tur the overall survey.

Having established that a difference exists, the next question is : -

whit h ut these sampling media most accurately represents the distri-

bution ot elements in the underlying bedrock ? NGLT has insutficient data

to answer this important question st;t7 has a large arnount o: data whi,
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they regard as evidence that bank sampling of organic material is

superior to rnidstream sampling of sediment (see J. -0. Larsson,

Journal of Geochernical Exploration, 1976, vol 6, no. 1/2 p 233 -

250). Moss-sampling has not been adequately tested in Scandinaviai

on the basis of the data described here from liettbekken, and from

Storvatr,et (Gaizervatn) (see section 11.4) he author suggested that

mos s sarnpling may have applic ation in i-ertain topographic envi ronments

isee 1).C. Smith, Journal of (h.ot hernic al Kxploration, 1976, vol 5, no.

3, p 33s; .f7e..i.r 7 b, )

11. 2. 6 •Stream Sediment Fractions - S ecial Investi ation.

0..41
Strearn sedirnent sarnples c

g
nsist of a rnixture of silt, clay and organic

mate rial. The proportions vary conside rably from site to site. In orde r

to t.xamine the distribution ot rnetals between the heavier and lighter

fra(.tions of this rnixed material, special investigations were carriud out

in the field and in the laboratorv. The results are given in apuendix 14.

Preliminary inspection of the results of separating three ractionibv

wet separation (appendix 14-1) show the following features in the case

oi hot 11N03-extractable rnetal concentrations ritrc four elements Pb, Zn.

Co.

1) For all sarnple sites and all elernents there is a consistent trem:of

increasing metal content from the heaviest (silt) through to the

(organic ? clay) fraction.

The ratio of metal concentrations ghtest/heaviest vartes widelv

between elernents (e. g. less than 2 for Ni but up to 10 for Cu) bot

is less variable for one elernent at different sites.

For Mo and Cu the ratio lightest/heaviest is mostly between 4 and 9.

Thus the ratios lightest/mixed and mixed/heaviest generally lie

between 2 and 3.
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As expected the element concentration in the normal stream sediment

always has values between those of the iightest and heaviest fractions.

One can deduce that depending on the composition a normal stream

sediment sample mav have a Mo or Cu result up to 3 times too high

or too low compared to a hypothetical standardis ed mixed material

of ave rage heavie st light st traction ratio.

Preliminary inspection of the results ot separating three fractions by

dry separation (appendix 14-2) show the following features in the case of

the four elements Cu, Zn, Mo 8; Pb.

The highest metal on( entration is always in the middle fra( tion for

all elernents and all samples, with the exception of Mo and Pb in

samples 2028 t(: 2029.

2) The heaviest trai tion tends to give rnetal values randorriy higner

or lower than the lightest traction.

The wet and dry separation techniques clearly separate at cording

to different qualities of the sample material.

The last point is particularly evident in the loss-on-ignition data \appenaix

14 - 3) which mainly reflects the organic content, but also to some extent

the clay content. flere one can see that the loss-on-ignition is always

associated with h gh metal concentrations.

•It is suggested that this data is exarnined more closely with a yiew to

clarifying the influence of the t ornposition of normal stream sedirnent

sarnples. The sampling technique should then be revised accordingly

in an attempt to improye the reliability of strearn sedirnent suryevs.
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11. 2. 7 Reliabilit of Strearn Sediment Surve

- Different samplers and analysts.

'Fhe Sanddola - Nesåvatna district has been surveyed with regional strearn

sedirnent sampling in three difierent years with different field samplers.

"Fhese diverse sarnples have been treated and analysed by the same

techniques but over a period of three years by different analytital staff.

Thus in order to combine the data ior scientific interpretation it is

necessary to examine the precision and accuru“ y of the different

batehes of data.

As a first stage in this program, 15 dried and sieved samples were

seleeted from each of the four oppdrags involved as follows.

Sample
number

Oppdrag Year 
 Field sam lers Field dates Anal dates Analysts





21- 23 1177 1973 Ekremsæter 8/6-73 3 7 -17/12,74 TW-E1&-R;13

1 '',.. 137 1177 1973 Elstad 12/6-73 3 7 -17 12.74 ER -Elt-T W-T-

449- •151 1177 1973 Ekremsæter 18/6-19/6.73 3 7 -17 12,74 ER-ER-TW-T:-

2001-2003 1177 1<!73 KG/EG (Skorovas) 25 6-73 17 12.73-2 1.75 E13-TS-TT

3110-3112 1177 1973 Elstad 2/8-73 5 3.74-29/4 .75 TS-HT-TT

48- 51 1276 1974 Sordal‘Sandberg 11 7-74 2 9.74-31 1 .75 KR-TS

110- 141 1276 1974 Sordal-Sandberg 17; 7-74 17„ 10.74-31 1.75 DS-TS

281- 285 1276 1974 Sordall-Sandberg 30/7-74 17/10.74-31/1,75 DS-TS

311- 314 1276 1974 Sordal+Sandberg 1/8- 74 17 / 10.74-311.75 DS-TS

55- 57 1289 1974 Smith - Solberg 13: 7-74 30 8.74-15 1 75 KR -TS

93- 95 1289 1974 Smith + Solberg 14 /7-17 7.74 30 8.74-15 1 .75 K13-TS

115- 118 1289 1974 Smith - Solberg 17/7-74 30 8.74-15/1 .75 KR-TS

296- 297 1289 1(+74 Smith 20:8-74 23 9.74-29 1 .75 DS-TS

310- 312 1289 1974 Smith 25. 8-74 23 9.74-29 1 .75 DS-TS

321- 325 1368 1975 Ekremsæter 29/7, 1/8 21 1.76-29/1 .7b 1W-11T





+ Gravbrot 8/8 75




341- 350 1368 1975 Ekremsæter 8 8-10/8-75 21 1,76-2 1 .76 TW-HT





- Graybrot





DS




David Smith HT Hans Thoresen
TS = Torbjorn Sordal ED Eva Brorson
KR = Kirsti Buvarp TT Trond Thorvaldsen
T r Tore Xolden ER Eva Rannov



These 60 samples were then prepared for analysis and analysed all in

one new batch. The new analytical values for 10 elements are provided

in appendix 34 along with the original values for cornparison.

Comparison of the new and old values for each element in each sample

will provide a) an estimate of the reproducibility of the analytical

tel hnique and h) an indication it this reproducibility is significantly

rent with different analysts or different dates of analysis.

Preliminary inspection reveals a reasonably good, and oiten remarkably

goucl urrelation hetween the new and old analytical values for all 10


elenlents in all 60 sarnples with only minor exceptions, particularly in

the case ut some high ETc concentrations and some low Mo concentratiuns.

In view (if the only muderate rtliabilitv uf the sarnpling technique in st ream

sediment surveying, as desc ribed iii sections II. Z. 6 and II. 2. 8, thc

cvidenc e here shows that any errors due to the reproducibility ot the

analysts or their analytical technique are relatively insignific ant.

8 Reliabilit of Stream Sediment Surve s

- Nlultiple Sam lin and Grain Size Fractions and Comoari sun

with Organic -Rich Strcam Hank Sarn ling.

In an attempt to assess the reliability uf NGU1 s routine techniqueuf

taking unly one stream sediment per site/multiple sampling was ta r ied

aut over a short distance in one particular strearn with known hich

tor at least one metal.

Tht selected strean: is at Snertingdal in the Gjovik district wh6 re

has carried a considerable amount of geochemical, geological and gco -

phy s ica 1 exploratiom particularly for Pb. The strearn is the unc in

whi< 0 lies NGU's dril1 hule number 3, (see 13jorlykke, A.

Eidsvig, P. and Svinndal, 5.: "Expluration for disseminateci lead in

suuthern Nurway". Prospecting in areas of glacial ter rain, ed. .lanc s ,

NI. J. NIININI, 1973.
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The chosen site was approxirnately 100 m upstream of the drill hole, from

just above the entrance of a minute stream from the west up to a point

where a fallen tree lay over the stream. Over this distance uf 25 metres

one mid-strearn sarnple was taken every metre and wet-sieved into three

separate fractions in the field. All samples w(re taken on th, same day

(1- 6- 74) by the same worker (Smith) with the same equipment i.NOU's

standard field sieve) under stable ,xeather conditions (dry).

Further details of the stream are listed !)elow.

ehannel width

water depth 10

water velocity - slow

water level

-

rnedium

sedirnent olour - brown

composition

-

gravel> sand > siR > clay> organic

bedrock outcrops 110 1:1;

louse boulders - some

Organic-rich bank samples (of section 11. 2.5) were also collected along-

side each strearn sediment sample. At each site, 1 m apart, ene san-.ple

was collected at water level from the right bank when looking upstream.

The live vegetation cover, about 1 cm of moss, was first removed and

then the bank material lying trom 0 to 5 Lni above water level, iron.

to 5 en: into the bank, and fron. a distance of 10-15 along the bank


was dug out with a handtrowel. In contrast to the stream sediment

samples, the strean. bank material had a compusition:

gravel< sand <silt <clay<organic. The first five samples (1026-1030)

wert"Ket sieved in the tield inte the same three frat tiuns as the strean.

sediments. liowever, this proved impracticab/Cso the remaining twentv

samples were only collected in the field and were dry-sieved iii the

laboratory into three frat tions.

The samples and fractions available are listed below.



27

Year Oppdrag Sarn le nurnber Size fraction

1974 1257 X 1001 1025 - 1801u1-




1974 1257 Y 1001 - 1025 + 180p - 600p

1974 1257 Z 1001 - 1025 + 600P




1974 1257 X 1026 - 1050 - 180P




1974 1257 Y 1026 - 1050 - 180 - 600)-).

1974 1257 Z 1026 - 1050 1- 600p




All samples were dry-sieved and subsequently analysed in an identical

tashion.

Analvtical results for hot HNO3-extravtable Pb, Zn and Co for all 50 X

and V fractions are provided in appendix 35.

The bedrock here is Upper Ringsaker Quartzite which frequently vontains

Pb mineralisation. Previous stream sedirnent, mineral soil and hun,us

samples all showed significant Pb concentrations in the range 100 - 1000

pprn.

The role of four variables can be examined in this data i) 25 different

sample sites, ii) 2 different sampling media, iii) 2 different size


fractions and iv) 3 different elements. The last can be suitablv studied

by correlation analysis. The first three can be convemently studied r)y

calculating standard deviations and by an analysis ot varian( Prc-




liminary inspection of the data reveals the following points.

Statistical re roducibilit • of the results for the same size

fraction and same sam)le t 3t• but 25 different sanples.

a) Streani Sediment

These show a very wide variation from 260 ppin to 1400 ppn. Pb over

a disrance of only 8 na.tres. Zn shows an identical pattern to Pb in

terms of the samples with highest and lowest values. Cu does not

show a similar pattern but this is probably due to its overall lerx

values.
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Stream Bank 180± .

These show a smaller range of values for Pb, 180 - 660 pprn. Again

the highest and lowest Zn values tend to correlate with those of P b

whilst those of Cu do not.

Stream Sediment + 180/..1. 6001L .

These coarser stream sedirnents, also show a smaller range of

values for Pb) 140 - 400 ppm, and both Zn and Cu show very little

va riation.

Stream Bank + 1801). 600y .

yl u;d4v-
The coarser stream bank samples show a similar range of Pb values

to both b) and c) above, 130 - 770 ppm, whilst Zn and Cu are again

re1atively constant.

ii) Com arison of 2 different sam lin media.

180y. fractions,

The five stream sediment i.a) and five stream bank samples i.b)

show similar relationships between Pb and Zn but the Pb values of

the former are approximately twice as high as those of the latter;

with Zn the ratio is somewhat less; with Cu the values are essem

tially the same. However, the lowest and highest values in t-ach

sampling media do not correspond.

+ 180/11 - 600»- fractions. 


The coarse fractions of each sampling medium tend to yield comparable

metal ranges for each metal but again the lowest and highest values

do not correspond.



iii) Corn arison of 2 different s ze fractions.

a) Strearn Sediments.

The finer sarnples clearly yield higher rnetal concentrations than

the coarser and this is maintained in the different elementc. There

is a close correspondence between the lowest and highest values.

13) Stream Bank.

These show less distribution between the two size fractions. Again

the lowest and highest values correspond.

From this preliminary investigation one can tentatively conciuue that:

fl Fine-grained stream sediments have the advantage of higher metal

concentrations than coarse-grained strearn sediments but have the

disadvantage of a wider range of values. Both give turresponding

anornaly patterns.

Both stream bank sample fractions tend to give similar metal values

and ranges as the coarse stream sediments but they do not give

corresponding low high relationships. Thus a stream bank sample

and a strearn sediment sample collected alongside are no loser

related to each other than to other bank or sediment samoies

The wide range of metal values in the same sample type and same

fraction clearly reflects differences in the composition of the samples.

This is especially marked in the fine stream sediments where

differences in the organic clay silt ; ratios cause up to a fat tur


of5.4difference in rnetal values. This value is comparable to the

factor of“indicated by the investigation of stream sediment fractions

described in section supports the working hypothesis given
.bevt

in section 1.3 that a factor ofA9 (3x greater or smaller than the average)

is typical for the reliability ot stream sediment metal concentrations

as determined bv NGU's rontine sampling and analytical technique.
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11.3 SOIL. 


In 1974 5 soil samples were collected in the Gaizervannet district (oppdrag

1276, samples 1001 - 1005). Their field locations (map 1289-23) and

analvtiL al data for 10 elenmnts are given in NGL: report 1289 .2. The

analytiL al data is reprodm ed here in appendix 28.

fn 1974 20 soil samples were ollected over the Cu deposit at

tjernet oppdrag 1289, samples 1021 - 1040). Their field locations are

provided on maps 1289-08 to -12 along with analytical data for Mo, Cu,

Ni, Pla and Zn whichare discussed in report 1289/2. Analytical data is

nov also available for Ag, Co, Ft , Nin and V and is provided in appendix

29.

1n 1974 Organic-rich stream bank samples, which are related to so 1

horizons, were collected in Itetthekken (oppdrag 1289, samples 1001-1020)

and are described in section 11. 2.5-

In 1975 24 soil samples were collected in the Sanddela - Nesåvatna -

Gaizervatnet district r.oppdrag 1368, samples 3001 - 3037). Field and

analvtical data for 10 elements in these and 13 other samples of secondary

media .moss, organic film, plant, gravell are provided in appendix 30.

The most interesting results from these samples have been dest ribed in

report 1289 3, Tn or AL.1, eitc, fk¢ bjhi l" .,Ari 0 40 kl 41.11'‘

s" J (i t&O pp.. fipt ..- 9 30/

s p/ / 701- 701.r)

II. 4 MOSS.

In 1974 a few moss samples were collected in Rettbekken (oppdrag 1289

sarnples 1001 - 1020) for a comparison with stream sedirnent sarnples

and organic-rich strearn bank samples. They are deseribed in section

II. 2.5,

In 1(l75 a few moss samples were tollectcd in the Gaizervatnet dist t

(oppdrag 1368, samples 3001 - 3037),for a successful clarification of

previous stream sediment anomalies suspected of being false (see report

1289 3).

The analytical data ior 10 elet ents is availablt here in appendix 30.

Samples from both locations wt:1-t.• mentioned in the publkation listed

asf in appendix 1.



II. 5 BEDROCK.  

II. 5. 1 Assaying.

Altogether 47 rock samples frorn oppdrags 1289 and 1368 have been

analysed by optical ernission spectrography for the ten trace elements

Ag, Fe. Mn, Mo, Ni, Pb, V, Zn and sometirnes for Cd and Ti.

•tables - 7).

A forther 76 rock samples from oppdrag 1289 (the 1974 field investigation

in the Eremstfjellet district) have been analysed by atomic absorption

spet troscopy for hot IIN03-extractable Cu, Mo, Pb and Zn (table 8).

Then a further 75 rock samples from oppdrag 1368 (the 1975 field

investigation in the Sandds.)la - Nes:ivatna district) have also been analvsed

by atomic absorption spectroscopy for hot HNO3-extractable Cu and Mo

(table

The results in tables 5 -8 have been mentioned at various stages in reports

1289 1, 1289. 2 and 1289 3.

The samples listed in table 9 were selected either a) for establishing if

Mo and or Cu existed in diverse rock types such as fresh trondhjernite

or pyritised schist in which no mineralisation could be seen or b) for

assaying the quantity ot Mo and/or Cu in rocks with visible mine ralisation.

The value of this analytical programme will be maximised by a detailed

comparison of the analytical data with a close study of the hand specilnens
j ust

and their locations,but this unfortunately cannot be attempted,now. It ean

however, be noted that

The rit hest Co occurrences are at Amobetjernet and Kroktjernet as

deseribed in report 1289'3, the former showing up to 300; nietal

and the latter up to 2.

X- ray diffraction studie s were earried out on two ore sanddes trob.

Kruktjernet, and on two fron Arnobetje rnet.

The results confirmed the presence of the following minerals in

addition to pyrite and rnagnetite.

?)
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Sarnple Locality Minerals

1368 - 1144 Kroktjernet Chalcopyrite

1368 - 1149 Kroktjernet Chalcopyrite

1368 - 1254 Arnobetjernet Chalcopyrite + Molybdentte

1368 - 1256 Am obetjernet Chaopyri c olybderhteh M

X- ray
film

7045


7044


7041

7027

7028

I

Despite the occurrence ot silv€rblut, violet and red coluurs whi h

appear to be distinct from chalcopyrite or molybdenite, nu uther
by

ur Mo or any Ag minerals were reported fforn either locality.

ii) showing over 1"; chI are listed beluw (see maps 1 1t,t4-W,

and -11). Apart from Arnabetjernet whic h contains substantial Mo)

but not in typical Mo golins, all of these Cu occurrences are not re Å ted

to the various Mo oc(urrences described

Lcy Table






Amabetjernet 7 1368-1250, -1256, -1260; 1289-3032




8 1289-3032, 3034, 3036, 3038

Kroktjernet 7 1368-1151, -1149






1368-1147, 1152, 1155




Fremstjernet 9 1368-1038





Skarfjellet 9 1368-1191, 1192





Catzervatnet 9 1368-1215





Reinsjoen 7 1368-1268





Reinhekken 9 1368-1267





iii) A large rust zone on the northern face of Skarfjellet can be seen frum

the col between Skarfjellvatnet and Reinsjpen. It has not yet been

visited but it rnay wclI be comparable to the pyrite zones un the south

face ot Skarfjellvatnet and thus may account for the C stream srdiment

anumalies east of Skarfjellsvatnet  rnap 1368-08).



iv) > 1000 pprn Mo occurs over distances exceeding 100 m at four main

locations (map 1289-08): -

Ndlbekken (table 9 1368-1164, table 7 1368-1117)

Smaltjernet - Lavtjernene (table 9 1368-1168, 1199,

	

table 7 1368-1166)

Nedrebekken (table 9 1368-1181, 1185, 1188, 1189,

Stuttbekken (table 7 1368-1127)

1201,


1190)

1203:

all of which show some features of the special Mo gullies described

in NGli report 1289/3 and published in no. (g) in appendix 1.

L 011) tnP,t

Nr) >1000 ppm also occurs in a loose block above Myrbekken and such

blocks, almost certainly in situ nearby, rnay account for the Mo

strearn sediment anornalies in Myrbekken (map 1289-08).

Must of the anornalous Mo strearns north of the line between Myr-

bekken and Lavtjernene can therefore be accounted for by moderately -

rich Mo rnineralisation of the type discovered already. llowever,

it is virtually certain that the extent of this niineralisation within this

area is tar more widespread than the few scattered dis ove ries :nade

by sledgehammer work or by blasting.

Mo mineralisation on Fremstfjellet and in Rettbekken and Brattbekken

(map 1289-08) was reported in NGU reports 1289,1-3 (see table 8

here, samples 1289-3003 & 3005, 3061, 3066) (Frernstfjelb•m, ;049

& 3051 (Rettbekken) and 3044 az 3047 (13rattbekken) .

mineralisation has not yet been found in Tretjernbekken or in

Trappebekken (map 1289-08) but this area has not been exhaustively

prospected yet. MoS2 in the underlying bedrock is exceedingly

probable.
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ix) Mo rnineralisation at Amcsbetjernet was reported in NGU reports

1289/1-3 (see table 5 sample 1289-3038, table 7 samples 1368-

1256 g,z 1260, table 8 samples 1289-3034 tv. 3038).

> 1000 ppm Mo is proven on Nes piggen (table 7 sarnples 1368-

1309 gz 1311).

500 ppm Mo occurs in a loose block at the western end of 1 angloft-

vannet (table 7 sample 1368-1225).

It rnust be assumed to exist in situ in the hillside above, stnr.e

significant Mo stream sediment anomalies exist here (map 1368-08)

and appropriate geological conditions exist here (i. e. a contact of

a substantial trondhjemite against greenstone). This area has

equivalent econornic potential to the Fremstfjellet and Nesapiggen

Mo mineralised distri( ts and the authur has consistently been

rei on,mending that this district west of Langloitvannet is mi.ted

(see appendix 9).

Mo mineralisation is proven south-east of Gaizervatn (table 7 sarnple

1368-1223, table 9 sample 1368-1224).

but so far this is not shown to be as rich or as extensive as at Frer st-

fjellet. Nevertheless the geological and geochemical criteria are

virtually identical and it the Gaizervatn district is prospected and

blasted as much as Fremstfjellet then it is very likely that more,

ru her and wider Mo rnineralisation will be tound.

So far the richest (1. 44% Mo metal, sample 1368-11.66, table 7) and

most common Mo mineralisation occurs in the Nalbekken - Smaltjern t

- Nedrebekken areas of the Fremstfjellet district and this is the

obvious starting point :or a dril1ing program.

The wide occurrence of Mo in southern Grongfeltet clearly suggests

genetically related Mo activity on a large scale. The absence ot

diseoveries of Mo mineralisation between the presently known at mir-

rent es is more likely due to a) a lack of adequate budgets fur

searching (sledge hammering, blasting and drilling and to gt'l)-


n1t)rphological features which cause Mo exposed at the becirock sur-

fat e to be rapidly leached away and aecumulated in secondary

chemical media, than tu an absence of intervening Mo

"Fhhs it is deduted that the Fremstfjellet - Gaizervdth

southern Grongieltet is a substantiai Mo orovinee.
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II. 5.2 Bedrock Ma'or and Minor Element Petrochemistr .

The 10 rock specimens selected for chemical analysis of major and minor

elements are listed in table 14 along ,Kith their locality and general rok

type. They include 6 difterent trondhjernites representing the inain types

tound epidotised (1108), sericitised (1109), white without MoS, i31321,


white with MoS2 (1115), white with NtoS2 and CuFeS2 (1182) and pink with

13046). Also included are two early basic types - diorite (1141)N1o5 2

and microdiorite (1110) - and two late acid types - aplite :1121) and d

Init roporphyry 1163).

Preliminary inspection of the data for 10 major elements t5i02, A1203,

Ve203, Fe0, Ti02, Mg0, CaO, Na20, K.20, MnO) (tables 10 g 13) and

13 minor elements (Y, Sr, Rb, Zn, Ni, Ba, V, Co, Ph, Li, Ag, Mo, CLn

tables 11, 12 13) reveals several significant features v.hic h are bricfly


noted below.

Thu 6 trondhjernites are markedly ditterent in torms of Ca, Na

K contents, except that 1108 and 3132 have some features in c oinn n.

The white trondhjemites tend to have high K whilst the pink trondhjemity


(and pinkish aplite and mic roporphyry)tend to have high Na.

The two trondhjemites whi(.h dominate in the field - epidotised green


and unsheared) and sericitised ,grey and sheared) - are sharply dis-

tinguished in their Ca contents. Since these two types are IntiLlately


associated in the field, and such a chemical gradient for Ca is unlikely

to result trom a metamorphic process,it appears that two distinct

intrusions of trondhjemite exist. Their boundaries in the field ary

ho\kever, sometimes difficult to locate because of the oLaurrent y o:

transitional petrographic types.

All of the other 4 trondhjemites and the two other acid rocks have Ca


contents close to those in the epidotised or sericitised trondhjemites
chtmitat

and thus these are no transitional types, only high - or lov - Ca typys.

All 8 interrnediate or ac id rocks also tend to belong to either high - ur

or low - Na types but there are more transitions than with Cade. g

1109. Na and K correlate inversely/excepting 1109,



and thus the sum of Na + K is relatively constant for all 8 rocks.

However, the 2 Na types do not correlate with the Z Ca types.

MoS -bearing trondhjemites are not obviously distinguishable chemically

from barren trondhjemites.

As expected the basic rocks are notably richer in Fe, Ti, Mg, Ca, Mn,

)tn, Ni, V and Co. The diorite is considerably richer in Ca and Fe.

The microporphyry displays some similarities with the epidotised

trondhjemite) Hicy may be more closely related to each other genetically

than to the other rock types.

The aplite is particularly acid, sodic and rich in Pb.

These few analyses provide a valuable starting point for a petrogenetical

study of the igneous rocks in the Sanddola - Nesåvatna district. Provisional

conclusions include : -

the overall chronology is first basic, then intermediate and finally

acid intrusion,

the basic episode includes at least 2 magma types,

the interrnediate episode includes at least 2 major trondhjernite types :

Ca-rich and Ca-poor,

°f
li the Na and K distribution is igneous origin,then there are at least

5 (Iistinct trondhjernite types: this distribution may however have

been strongly affected by regional Na- or K-metasornatism,

the aplite is extremely silicic such that late-stage hydrothermal silici-

fication probably took place.

	

f) a long and complex igneous and metamorphic history is evident in the

Sanddola - Nesåvatna trondhjernite and its contact rocks; this history

is not likely tu be unravelled without a substantial commitment to

detailed structu ral, petrog raphic and geochemical studie s.
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II. 5. 3 Geology.

The southern part of the Sanddola - Nesåvatna - Gaizervatn area was

mapped by Gale in 1972-1974 (NGU report 1293). In general this geo-
s f

logical mapping (and also previousAserecondiment prospecting surveys) ceased

at the contact of greenstone and sedirnent units with the Sanddola trond-

hjemite. This is precisely where the most promising Mo minyralisation

lies. Available mapping is therefore inadequate for an economic study of

the Mo rnineralisation. This is exemplified by the fact that the Sanddola

tronclhjemite exhibits at least 5 kinds of trondhjemite with additional

basic and acid igneous rocks outcropping near the contact with the green-

stone and sedimentary country- rocks.

Only a few days mapping were attempted in 1975 since most field wurk

by Smith and Tan involved Mo hunting by sledge hammering and blasting.

The relevant geological notes are recorded in Smith's field notes (appendix

12), Tan's prelirninary report appendix 10) and Tan's preliminarv r:.

appendix 27).

The 151 rock samples collected by Smith in 1974 (oppdrag 128)) are listed

in appendices 19-20 together with partially cornplete preliminary mac ro-

scopic desc riptions.

The 26R rock samples collected by Smith and 50 by Tan in 1975 oppdrag

1368) are listed in appendices 22-25 together with partially complete

preliminary mac roscopic desc riptions.

All thin sections and polished sections which have been manufactured are

listtd in appendix 26. Prelirninary microscopic examination uf the 1974

rock samples is given in appendix 21.

None ot these tabulations are complete since none of these subprojects

has been completed in the time available. They are to some extent out

of date and in error. They are not included here to provide any solid

body of data on bedrock geology. They are included here onlv tu avoid

losing the data from those samples which have been at least partially

studied.

Ihe y pe al /110 f)kie-ralg.f."71;s4-1 £ 4142. frk
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The contact zone of the Sanddøla trondhjemite clearly needs detailed

mapping. In view of the difficulties in the field distinguishing different

original rocks which have been altogether sheared, sericitised, epide-

tised, chloritised, silicified and pyritised it would of great seientific,

as well as economic, benefit if the mapping geologist has an opportunity

to examine the available thin sections and hand specimens before

ommencing in the field.

Pe He rje n

id( ne(/ rtel

Fre /2(i Lt,r 74

II. 6 ECONOMIC POTENT1AL.

The objectives of this project were : -

to confirm the reality of the high Mo-anomalies in stream sediments

in the Fremstfjellet district revealed by the 1973 regional survey,

to locate the precise positions of the maxirna of the Mo anuralies,

to investigate the cause of•these anornalies, in particular to ascertain

if it is due to concentration processes in the secondary geochemical

media or to primary concentrations which might be of economic

inte re st,

to find primary occurrences of rnolybdenite mineralisation,

to investigate the nature of the mineralisation in relation to its host

rock,

to make an estimate of the econornic potential of the Mo o cur r rl

in southern Grongfeltet,

Items a) and were achieved by the 1974 follow-up survey in the IIremst-

fjellet district (oppdrag 1289; NGLI reports nr, 1289/1 and 1289 2 (sce

appendix 1)).

Item was discussed in NGU report nr. 1289 (see appendix

where it was shown that the Mo anornalies in stream sediments are partly

due to secondary concentration processes but this only occurs to a signiti-

cant extent where abundant Mo is available from primary coru ent rations.
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Items d) and e) were satisfied by the field work in 1975 which discovered

rnany localities of molybdenite in quartz-impregnated trondhjernite in the

Fremstfjellet district, and at isolated occurrences at Nesåpiggen, Gaizer-

vatnet, Langloftvatnet and Amobetjernet. Most of the Mo occurrences

were discovered by searching for the special gullies des(_ ribed in NGU

report 1289 3 and in the author's publication (g) listed in appendix 1.

Since ordinary geological hammers and even sledgehammers are inade-

quate to penetrate the zone of trondhjemite frorn which Mo has been

weathered out, in 1975 several outcrops were blasted. The results

(NG1: report 12893) revealed up to 1.44 Mo metal in narrow veins


with promise of this grade continuing at depth.

Having completed parts a) to e) of the project it is necessary to comment

on f). the econornic potential. Comments have been rnade previously in

many of the reports and notes listed in appendix 1, particularly in NG11

report 1289/3. This report presents a considerable amount of data on

many diffe rent aspects of the project but it has not been possible m the

time available to examine properly the available bedrock data. This issess-

ment is therefore of necessity based on a super icial knowledge of the bed-

rock data and a more thorough knowledge of the data from the sl•k-ollda

geochemical media.

The following comments can be made to conclude this report.

1)	 Mo rnineralisation in bedrock is proved to exist in several areas in


southern Grongfeltet.

Mo mineralisation will probably be found in northern Grongfeltet if

the new anumalies are followed up.

3) The richest Mo mineralisation so far discovered lies at Smaltjernet
rhltd,m b.kk•A
.d and Nålbekken in the Fremstfjellet district.

Similarly rich Mo mineralisation will probably be found in the other

areas showing Mo anomalies in stream sediments if they are investi-

gated with the same intensity as has happened in the Fremstfje1Let

district.

5) Stream sedimentshave been shown to be valuable in locating Mo

mineralisation in Grongfeltet)but discovery of the primary ot current es

req(4res a search particularly for the special Mo-gullies.
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Dynarniting is necessary to reveal the genuine Mo content in un-

weathered trondhjemite.

There is good reason to believe that Mo-rich quartz irnpregnations

continue at depth but this will never be discovered without drilling

at least one hole. (jet PR5e 74.1 Pi

The geological history of the Sanddøla trondhjemite and its contact

rocks is more complex than appears on the maps of Foslie and Gale

and will not be unravelled without a substantial cornrnit-inent to

structural rnapping and detailed petrological studies.

cr effe

Thearelationship between the Mo mineralisation and the diverse

country rocks is unknown in detail; in general the original source

tividently a trondhjemite magma but igneous, metanturphic and

metasomatic interactions with the contact rocks apparentl played

an important role.

Southern Grongfeltet displays many characteristics in con.niun

typical and untypical "porphyry" Mo andi/or Cu districts in North

Arnerica and the USSRin particular the association of intermediate

to acid plutonic bodies with intermediate volcanic rocks and of

molybdenite with quartz and pyrite and occasionally chalcopyrite.

The chances that turther Mo mineralisation exists at depth il not

on the surface, within Grongteltet must be considered high, and thus

adequate to justify further exploration, especially drilling.

4c

12) The chances that econornically - viable Mo deposits exist are im-




possible to assess with the present data based on such a small

budget.
4,,,Jaistnfat-

However, if one is exploring for Mo, as is presumably theAobjective

of this whole project in view of the increasing world price of Mo,

one could hardly wish for more promising geochemical and geological

criteria. MoS2 is apparently not picked up adequately by availat*

geophysical methods, thus a lack of promising geophysical evidence

for Mo mineralisation such as in appendices 32 and 33) is rr
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Table 1.

BEKKESED1MENT GEOKJEMISKE KART OVI R GRONGEE1:FET


Kontrollskjema

Korrelasjon nlellom oppcira.; og kartblad rn. h . pr v teder

Provenummer

Årstall Op dra fra til ); J;;Antall Sum

1964
1964
D:Lt1,6
B  66
1'  66
1` 6',
176
1970
1970
1970
1971
1972
1c72
1973
1973
1973
1973
1973
1973
1773
1974
1974

1975

Provetatt ved :3.R3U

561

	

;6 1
1 1900 E,00

	

2001 3100 111(±7 3,)C0

	

602 1 124

	

602 201 226 26 i

	

602 301 5  r ' ..--, i 245

	

005 5001 6',56

	

, 05 7501 753R
1R=6 i

	

3R i 1.<04

	

974 R001 5470 470 i

	

974 5479 0620 151)

	

974 R629 9320 700 132R

	

1075 I 70e 700_, 76

	

1122 3001 6312 3312 -

3si ...r.)
1122 6501 701.1 1,1

1177 1 310 3(

	

1177 3u1 374
1;1)

	

1177 441 40 IR

	

1177 461 47:5 12

	

1177 501 1976 1476

	

1177 2001 2316 316

	

1177 3001 3160 16u 2342

	

1276 1 396 396 396
12 203 317 35 35

	

1360 1

	

360 360 3u0

X

X

XXXX XX XX X X X

N

X X X

X X X X N

X X X

X X

X

Total =

Provetatt ved Skurovas Grube A 5
1960 R36 510 609 160
17oR 036 001 033 133
1960 912 201 499 )

' 4 12 501 f);1 131
196r4 912 ,:mu O2 6'.
1971 x 3000 ?

Total r 716

X X

14212

233


4R3

provene er ikke tatt med p. a. at Ot ligAer iti kartblad

provullt ur ikke tatt med p. g.a. at dc ligger ca k1trt9.:V.:1;oH

provene er ikke tatt med p.g.a. at de ligger
v karthl.th



Table 2.

BEKKESEDIN1ENT GEOKJ1VN1ISKE KART OVVR GRONGYELT19a


Kontrollskje0:a

Korrelasjon 01e11010 oppdra.:2 91; elkanent IL
. ana:vs

;caai

24 5

1

Anta11 Son Cd c:c,

Proverlumincr

Årstall Oppdrag fra til

PrOvetatt ved

	

561 1 1900

	

561 2001 3100

	

602 1 124

	

602 201 226

	

602 301 3`45

	

905 5001 6R56

	

905 7501 753R

	

r",74 R001 847.'"

	

474 P479 UrH!-.

	

^t-1(i "1)2.'4

	

1675 1

	

1122 3001 t,512

	

1122 691 7e14

	

1177 1 446

	

1177 391 374

	

1177 441 4:,R

	

1177 4e1 472

	

1177 501 1976

	

1177 2001 2316

	

1177 3001 31 ee

	

1276 1 3!4e

	

12R9 28 3 317

	

1308 1

X X Xi.X

X X X ?: X.

X X X X X

X 0 X 0 X X

X X X X X X

X X 'X X X X

X X X ?, X

X X X X

X X 0 X X

X x ?; X X X

X X 0 0 X

X

X 0 X \

X X X 0

0 X

X X 0 X

X X X X

1964
1964
1965
1965
1965

lrier4
1970
1` 7e
1`,76
1971
1',72
1`472
1973
1973
1rj73
1973

1973

1973
1r,473

1974
1974
1975

lotal

Provetatt ved Skorovas Grobe A

196R
1968
1969
1969
196' 
1971

836

836

912

(,412

912

510 609
80] 9 33
201 pl(1

sW1 641
rn/U

30110

100
133 233

299

131
5s 413

511

12
14 7e

316
I ee
39e

369

2 342

1421

X

X

Total



b L 3.

BEKKESEDIMENT GEOKJEMISKE KART OVER GRONGFELTET.

Kontrollskjema.

Korrelasjon mellom kartblad og element

7 .2

kart produksjon.




ANDORSJØEN 1823

BREKKVASSELV 1824

GRONG 1823

HARRAN 1824

HUDDINGSVATNET 1924

LIMINGEN 1924

MURUSJØEN 1923

NAMSSKOGAN 1824

NORDL1 1923

RØYRVIK 1924

TUNNSJØEN 1924

• betyr at te:inin(.sJbbeid

/ betyr at tegnihjsarbeld

• Detyr at kdrt er ,r1Id

betyr at kart er tt

ikke har be

1e10is er

-0 J_0 .

1) Det er 11 kartblad med 11 elementer d.v.s. 121 kart.

2) Utgitte kart: Årstall: Antall:

1976 11

1977

1978

1979

1980
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TAI3L11 5.

Chemica1 Analyses of Rocks - TRAC1-: FLEMENTS

Analytical rnethod - optical ernission spectrograph
Date re.eivt•d : 13-8-74
Oppdrag 1289
Number of samples : 12
Satnple type : selected ort- riuli chips

Pr.nr.

Co

pprn

Ni

ppin

Ag
pprn

Cu
pprn

Cd
ppn:

Ti
ppin

V
pprn

Mo
ppin

Mn
ppni

Ph

ppIn

7.n
pprn

Fe
ca.




301-1 6 10 < 1 101289- <300 3000 6 1 100 < 30 20 2

" 3020 30 10 < 1 60 <300 3000 300 2 300 < 30 15 7

fl 3022 60 100 < 1 100 < 300 3000 100 20 2000 <. 30 i-
“--) 9




3030 3 30 <1 6 <300 3000 200 1 1000 c. 30 <10 13

....—.1-11. 30 !:3 3 30 100 > 3000 <300 300 3 1000 30 < 30 <10 6




3041 3 30 <1 300 <300 30 3 < 1 10 < 30 <10 1




3011 3 3 <.1 10 <300 3000 20 3(.10 60 (., 30 <110 >
“




305; 60 3 <1 600 <300 3000 10 3 300 -.3. 30 <10 7




107-1 30 6 <1 100 < 300 3000




3 ;00 < 31)




()




ta}93 300 300 <31 > 30 0a0 <300 3000 t)It:




1060 :3 30 <3-111.0) 20




;opri 30 10 < I 100 < ;00 1000 100 ' 1000 < 30 50 25




110)/




1 <1 1,1) <11,1) 11  1)(1 10 ( 1 11U))) < S11 1r)
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Analvtical tnethod upti t1 colission sN trugraph

itato received 7-1H- 7z,

Cood rag nr. - 1.38ct and 1368

Nniner of sample s - fl

Satuplo type tod thips

tiO opt

1

Ni Pb Nfri Nlo 7.n Ag

11 )




(J) potn fl No. 1).0

1116 18 3011 0 .O ;() up!, pon. WOM
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U.Ou 0 .Os . 1 u o t: 0,o7

i.t.I fl tinin 1
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.1'A 131.15 7

Chen; lvses t.r Rock s - FRAL 1 \11CN.FS

Andytie:11 inethod
Ddle reeeived
Oppdrag nr.
..V.uluber o f (-I(1111131CS

Saniple type

opti, III -(:ISsi¼0:spy, (
30-11- 75
128') è 1368
29
whole roe k s

Pr. nr. Mo V Cu 1.N I Ni I Co Zn ppin Ag

: r0 u:p 1




1I36I-(- 1026 < 0.003 0.005 0.03 0.004

1040 < 0.003 0.005 0.1 0.004

1128 < 0.003 <0.005 0.02 0, 1

1146 < 0.003 0.1 0.2 0.7

1151 0.004 0.005 0.1 2.6

1218 0.00.1 0.04 0.03 0.05

1222 <0.003 0.005 0.005 0.003

1225 0.05 < 0.005 0.00.5 0•005

12.‘; 0.003 0.2 0.2 0.1

1248 <0.003 0,005 0.0e, 0.2

1250 < o.003 < 0.005 o. > 30 0

1268 < 0.003 V.00=1 0.1 1...1.

i.”./-;u05 0.uu 0.02 0.1 0.5

136e - yr,

3 " -1 32(1

o.10
«1.044.3

0.005
<0.005

0.01

0.01

0.002

0.0113

(;(*( )up

1
0.44

00.3*

0,001t-
1.44
0.03
0.u1

33,

1 I ;

3.6 < 0.003 <

•

0.01

	

<0.003 s 0.004 s 0.01

5.0 0.01 0.004 <0.01
50 0.02 0.15 < 0.01

	

0.02 0.15 <.0.01

10 0.005 s 0,004 <0.01
4,7 < 0.003 <0.001 <0.01

	

s 0.003 s 0.004 <0,01

	

s 0.003 0.01 s o.01

	

0.003 1,1• 6.7
35 0.00 0.017

s 0.01.51 ¼ «54

•

n.01.

25 1 sri.141

1.5 < (Hrul ) ¼ t (I.();(

1.3 .(I.11; .2(

3.2

0 .0 1

s 0.01
.0.01

s 0.01
d.01

s (J.01
d.d1

	

<0.005 < 5

	

0.02 < s

	

0.005 <

	

0.01 30

	

<0.005 20

	

< 0.005 s 5
0,005 <
0.005 < 5

	

0.02 < 585

	

0.01
1;0

170135
0.00, s 5

	

s 0.005 s5
«(.0us) ')»)

,..(),(/(L)

	

0,01 11)

	

1),(71 <

0.(I1 <

 0(()(('-; “) 	 •

	

41/40.005 <

.(1.101.)

II.(111;

I

HL 1

I
<



TABLIC 8

Chernical Analeses en. Ito,ks - TRACE  1-11 N13.1.\:115

Analytical rnethod hot 11.1.(),-extr.4ibb1•
in

Date r<1/4. ved
)1>p<Iral; nr.

1,.<n:Oer of sant1es
San.:1.• type

I

Pr. nr.




Vn

ppn.




P'n

26
1LT0 i

213
100

12
[}00

27m
I 59

h,

2)1

I

128 3003
05

08

3010
12

 14

1 ,

	

16 l'  ; -,H
1()

	

20 r, ,

	

22 11-51 17-1

	

2.4 ',7
26

	

28 1(12 I >8 101

	

3030 > i 17 >r)

32

	

34 ---

142. t
w

2 ').: i
-, ry)

1 >71 23 , 1 In
42




6c)
5 21r 1n
5




10




11




1
11 241{) ln

8




iu
42 24 2r

18e1 ',1,0 4<1
77 il),, -

2551
4

24-,

100 in

IL 42 1D
', ' 12 2r,
, 2m‘+ 10




11)7 20
,,,1 252 1n

4 51 1(i
16r1 200 2()
1801 111




3-I ',1 2f,
)-_ , >H) 2()
y, 22.-- ),()

36

38
41
42


3044

45

47

49

51

53

55

57

59


3061

62

64

66

68


3070

72

74

76

78


3080

<

<

<1,






Zn
ppn,

77

Cu

pprr.

P0
/7p11:

\loPr.nr.


1289-3083

85
7700




87




1 ', '.,I 3r, < 1 r)
89 ,... 225




<
91 19 123




93 42 4i,, i




95 22 127




...7 73 33




90 4 '., 12




10
3102 63




111 .




04 87
4101
177




2 0 


05




660




.301

07 :)•





09 ;()





3111 15





I 3 32 1,:




15 51 18




17 •1I 13 i I




19 46 12()7 I .;  1




3121 3,,




,(




23 2 i




10 < 10
25




31




27 9 0 IL < II]
2.'+ 11 1 1




3131 -.,(




,-. I (.."




33 1n




1' < :
35 5




1:;
37 14 1; 10 1i)
39 5 7 < 10 < 1,)

3141 7 7 14




43 10 7




45 ',
_

, 1; < : .
47 14




< 1(, < :.
49 26 7 `, 10 < 1,',

3151 52 4 1() ft
53 23 3611 1L 1,



TABLE

Chemical Anal 'ses of Rocks - TRACE ELEMENTS

Analytical method - hot !IN0,-fo..tractable meta1s by atonn
:',O<Ctro:otry

Date received _ ;_c_o_76
Onoclrag nr. -
Nbn-.bcr of samplcs -
Sarnple typc

-

' oi o ks

Pr. nr. Co

	

Orn prOO-:

Group 1


136S-1001 17

	

15 231

	

)) 212

	

)7 32

	

33 15

	

17 120

	

1055 7

	

f -; 11

	

76 11 1
11

	

7(4 2-16

	

1080 341 76
8)

20

	

s"7 1b b

	

1oo 1 1K 1
-1350

Group

136S- 1016
35

1100

12
13
16
23
24

26

"Z9


11.11

47

54


=o;

116-1

67

68

/

I 0
K 1(J
<

10
111
10

O

55

10

jiO

11)

I

70

305
52
t/;/

1c)0
180

42

<

	

0.24 <_1o

	

ti•-• r

210
2



Pr. nr. Cu

ppm

Mo
Ppm

1368-1172
78

112

380

600
30

79 29 <10
81 113 0.51%




83 480 240




85 145 2150




88 1600 1150




89 94 2200




1190 78 3850




91 1.17% 175




92 0.55% 30
95 1650 240
96 415 490
99 245 1800

1200 2050 500
01 109 3350
02 525 50
03 67 2800
05 340 10
06 18 155,
09 35 <10

1214 245 <10
15 1.35% <10
16 345 50'
17 570 30
19 135 <10

1220 2050 <10
21 350 <10
24 36 2801
33 1060 <10
38 280 <10

1240 325 15
43 230 <10
44 1800 20

1267 1.50% <10

c1-



OEO OE. ONI 0011 110010101 000I ONO 10010fl O00 0•11 fl OION ONOI IMMO 10100OMO MNO fl 0101
. J1<c158 Troniheim, 18. november 1976.

Analyserapport

fra : NGU Kjem*k avdeling

til : NGU Kjemisk avdeling (9. imith)

Opparag: 1) Eestemmelse av hflvedbetn(ideler.
Ororelethnalyse
beste=else av V, Co, Fb, Li, Ag
Kj-misk teste=else av Cu, Fe0.




10 berrartsprjver
Otpirag 1368




Utrhrt: Spektrograf*k lab. og Kjemisk lab.





Resultat:





1) Kvantametertestemmelse av hsve:ihestani,Ieler,angitt i :




Prive mrk. Si02 Al 03 Fe T102 Mg0 Ca0 N3p0 K20




XtIO

368- 1108 S• tj .
L.fl5" o 1.




0.06
3(.8 - 129 10





0.01
/ 361 -1110 52.3 :2,2n 0.91 (-41. 7.:20 3.- 0.10




0.17

/ 36g -1115 67.9 3.05 0.-25 n 3.12 _3.7,.




0.02
3 r,1-1121 80.5 . 0.5 c0.05 CHO 7 .0:- 9.1:5 < 9.01

)761-111-F1 26.6 c.20 11.38





9.20
176-ff-11 rs±,

J/j -1 10.-0 ).nt




3

.

0.CI,


0.01
n•- ;;Q- iJto

1/2.2 li




,.n..

:..81




< 0.01

0.05



01011111111111110111111101101111101111101111111111011•11MISIMINNIONIMINIMMI1111111111=1111•1111110
2

2) Best=else av sporelementer,angitt i ppm.

Prove mrk. Y Sr Rb Zn Ni Ba

)163- 1108 15 1735 22 34 4 874




8 438 66 23 1.1. 758
/76r-1110 13 2152 i.f. 99 24 30
ly&d-1115 10 1830 64 15 i.f. 1400
)361-1121 i.f. 270 i.f. i.f. i.f. 121
)76:1141 42 2485 i.f. 124 37 256

)16:1163 17 1635 i.f. 25 i.f. 240




)761-1182 10 383 45 i.f. i.f. 3399




12get-3046

in1/47-3132
5

7

855

1369

28

60

i.f.
40

i.f.


i.f.

1151

1355

a-

re

1.2. = ikke funnet



1•1111111111111111111111•1111101111111111111•11111111111111 0•111111011•11111111111111111  1 111111111111111111a

3) Bestemmelse av V, Co, Pb, Li og Ag, angitt i ppm.

Prdve mrk. V Co Pb Li Ag

lycg- 1108 30 6 < 30 < 100 < i

/jC,i- 1109 10 3 < 30 <100 c 1

1361-1110 250 x) 30 < 30 < 100 €1

tio,-1115 20 3 < 30 < 100 < 1

/34/-1121 < 3 < 3 100 < 100 < 1

/ 76X-1141 360 x) 60 < 30 <100 <1

)361-1163 30 6 < 30 <100 < 1




/761-1182 6 6 30 < 100 e,1




i2.1",-301+6 20 < 3 < 30 <100 < 1 o-

12n-3132 20 < 3 < 30 < 100 <1






11/4)




De ovenfor angitte verdier er halvkvantitativeverdier
bortsett fra de som er merket x) som er kvantitative'verdier.



iffilleineeme offieweam emmnseseaumemee  —  1111,+0 .

4) Kjemisk bestemmelse av Mo, Cu og Fe0, angitt i %

Prbve mrk.




Mo Cu Fe0

)369 - 1108 < 0.01 < 0.01 0.99

1361- 1109 < 0.01 < 0.01 1.10

)36,- 1110 < 0.01 < 0.01 4.35
1361" 1115




0.01 < 0.01 0.51

i3.61-1121 < 0.01 < 0.01 0.1 5

176, -11I+1 < 0.01 < 0.01 5.71
/ 76/ " 1163 < 0.01 <0.01 0.76

1.7Gi-1182




0.046 0.025 0.30

/229 -3046




0.072 <0.01 0.31

r 279 -3132 < 0.01 <0.01 0.44

KJEMISK AVDELING

Ailak Kvalheim
direktdr

Gjert Chr. Faye

lab.ing.
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Table 14.

List of rocks

ecimen number

selected for ma'or element anal sis.

Locality Rock type

1368-1108 Kroktje rnet Epidotised trondhjernite

1368-1109 Kroktje rnet Sericitised trondhjemite

1368-1110 Kroktje rnet Mic rodio rite

1368-1115 Nålbekken White trondhjernite + Mo52

1368-1121 Kroktjernet Aplite

1368-1141 Kroktje rnet Diorite

1368-1163- Korttje rndalen Microporphyry

1368-1182 Nedrebekken White trondhjemite + MoS2+CuFeS2

1289-3046 Brattbekken Pink trondhjemite + Mo52

1289-3132 Gjætingdalen White trondhjemite

Thin sections are available of all ten specimens.
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APPENDIX 1.

List of reports, publications and notes concerning geochernical exploration

after Mo and Cu in southern Grongfeltet from 1974 (NGU oppdrag nr. 1289,

1274 gz 1368).

Reports.

A) "Follow-up of copper and molybdenum geochernical anornalies in the

southern part of Grongfeltet : Field work and analytical results for

(lu and Mo". NGU report 1289 1, D.C. Smith, October 1'474.

13) "Regional and detailed stream sediment surveys over the Sanddola

trondhjemite and associated rocks in southern Grongfeltet : Maps

and frequem y distributions for Mo, Co, Ph, Zn and Ni".

report 12R9 2, D.C. Smith, May 1975.

C) "A review of the available geological and geochemical data on the

Sanddola - Nesåvatna Mo-Cu prospects, Grong District (Trondhjernitt-

prosjektene 1974 og 1975)". NGU report 12d93, D.C. Smith,

Novembe r 1976.

ID) "Geokjemisk kartproduksjon og malmleting i Grongfeltet.

I : A review of the production ot 1:50 000 regional strearn sedirnent

geochemical maps of Grongfeltet.

II : A final compilation of data from geochernical exploration for Mo

and Cu in southern Grongfeltet." NGU report 1289 4, D.C. Smith,

April 1977.

Publications.

"Grong, the correlation of altitude and the tree line with Pb in strearn

sediments", ID.C. Smith, in the Journal of Geochemical Exploration,

vol. 5, no. 3, p. 227, October 1976, (appendix 6 heruh
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Storvatnet and Rettbekken,rnoss-trapped strearn rnaterial as a


prospecting medium", D.C. Smithin the Journal of Geochemical

Exploration, vol. 5, no. 3, p 338, October 1976, (appendix 7 here).

"Oppdagelse av molybdenitt-mineralisering som resultat av en geo-

morfologisk tolkning av bekkesedimentanomalier", D.C. Srnith,

sammendrag, N1a1mgeo1ogisk Symposium -76, 15. -17. novumber

1976, Roros, 1appendix 8 bere).

Notes.

"Notat om muting i Sanddola - Nesåvatna området i Sor-Grongfeltet


med hensyn til Mo- og Cu-mineralisering". D.C. Smith, LO.

november 1975, 1appendix 9 here).

"Rapport feltarbeide i Grongfeltet sommeren 1975 (Forelopig rapport

Trondhjemitt-undersokelsen)". T.11. "fan, Desember 1975,

lappendix 10 here).

"Forslag til Molybdenprosjektet 1976", D.C. Smith, 13. september

1976, appendix 11 here).
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BUDGETFOR TRONDHJEMITE- PROSJEKT1975

Salaries and field allowances

Salary - Smith

Salary-Ekremsæter
Salary-Gravbrbt
Salary-Tan
Allowances-Smith
Allowances-Ekremsæter
Allowances-Gravbrbt

Allowances-Tan

Eduirment.

1 set of 1:10000air photographs

Transport


Seaplane
1/2 of totalcostof kr.3.350.-
for 2 tours from Trondheimand
several within Grongfeltet
Car - Smith

Car - Ekremsæter

Services.


Zynamite

N.G.U. Grong Gruber This budget.

1./

v/

3. 94 ; .50

5.5'.1+5

3.551.20

.75

Analyses


360 stream sediments
37 gravel, sandleoil,organicand

moss samples
10 rocks
500 samples analysedfor Mo and Cu

by atomic absorption(routine
method: hot HNO3 extractable)C)kr151

x) 10 rocks aualysedby nuantometer
for Si, Al, Ti, Ca, Mg, Fe(tot)
Na, K, Mn kr260.

Special samples adalysedsemiquanti-




tatively by opticalspectrographfor

Mo, Cu, Fb, Zn, Ni, Ag, Co, V, Fe,Mn
9 July,1975 - 2 samples @
25 July 1975 - 4 samples
October 1975 - 10 samples x)

2,500



r42 -

Gl. ")LOC.T,1•11- UNCIliSLI • E.LSI

This
N.G.U. Grong Gruber budget

Subse uent work

SectionManufacture

Map Draughting

Computer Processing

Scie:AificInvestigation
Report Writing and Reproduction

Totals

NB. The two numbersdenotedx) could
be reducedby half in order to
reduce costs if necessary.

Trondheim,16.9.1975

David C. Smith

Project - leader
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Frøver Nummer
kartblad
Navn

SUIT1
II

KONTROLLSKJEMA FOR GEOKJEMISKE KART OVER GRONGFELTET

0 pdrag
rsta  

Prøvenummer - fra
til

II - antall

Anal sert

Pr vestedeneo nummerne
Tallverdiene
Symboler 

Stjerner 


Frekvens - kurven 

antallet
syMboler

4. Tittel - element
karthlad

Tekst - 250 m
felbrbeld
analysering
utgitt 


Kartinndeling 

Kartnummer

Godkjent (navn)

Reprografert
Arkivert
Utgitt (mnd., rstall

Data EDB behandlet
(se annet kontr. skjema)

Data bearbeidet
(se annet kontr.skjema)

Data rapportert
(se annet kontr.skjema)

trengs utføring

SEMERKNINGER

1
1

1

1

1

1

ElementOppdrag

delvis utført X ferdig utført



INSTRUKS EOR UTFYLLING AV KONTROLLSKJEMA


FOR GEOKJEMISKE KART OVER GRONGFELTET

OVERSKRIFT

Det er ett kontrollskjema for hvert kartblad, for hvert element,

dvs. 11 kartblad x 11 elementer = 121 kontrollskjema, alltid

oppbevart i et oversikts- og kontrollarkiv.

Kartblad  nummer og  navn og element-s mbol står øverst.

Vi har nå oppdrag nr. 1546, og prøvetype er bekkesedimenter

skrevet som BEKK øverst.

HVER KOLONNE

Oppdrag Skriv oppdragsnummer for feltarbeid.

Arstall Skriv årstall for feltarbeid.

PrØvenummer : Skriv nummer "fra - til" så ofte som nedvendig

Antall i oppdrag gjelder hele dette oppdrag.

Sum å kartet : Skriv antall prøver for alle oppdrag som er inn-

tegnet på kartet (vent til frekvenskurven er beregnet).

Pkt. 1. Gjelder kjemisk analyseringsarbeid.

Analysert  : Skriv \ eller x når data er ferdig utlevert fra kjemisk

laboratorium, og er kontrollert.

Pkt. Z - 4. Gjelde r tegnearbeid. (Bruk symboler på skjemaet).

Prøvestedene o numrnere.rin Skriv om de e r tegnet på prøve-

nummerkart.

Tallverdiene Skriv om de er tegnet på tallverdikart.

OBS Følgende punkter gjelder bare symbolkartet.

Symboler: Skriv om de er tegnet på symbolkart,



2

St'erner : Burde stå som "høyeste tall", skriv om det høyeste

tall og andre høye tall på forskjellige steder på kartbladet er

tegnet ved siden av symbolene.

EN KOLONNE

OBS Fortsett bare om alle oppdrag er ferdig med punktene 1 og 2.

Frekvenskurven: Skriv om kurven er tegnet på diagrammet.

Frekvensantall  : Skriv over diagrammet antallet av symboler

som står på kartet. Dette kan bli forskjellig fra "sum på kartet"

om noen prøver mangler analytisk data og ikke kan fåes.

Frekvenss :mboler: Skriv om forklaringen av symbolstørrelse

står under diagrammet.

Tittel: Skriv om elementnavn og kartblad-nummer og navn står

som overskrift på bladet.

250 m: Skriv om dette tall og andre punkter er skrevet på tekst-

blokken.

Feltarbeid: Skriv om årstallene er nedtegnet under tekstblokken.

Analyse ng Skriv om årstallet er nedtegnet under tekstblokken.

Utgitt: Skriv om årstallet er nedtegnet under tekstblokken.

Kartinndeling: Skriv om kartbladets posisjon er vist ved kart-

inndeling.

Kartnummer: Skriv om kartnummer står nederst på høyre side av

bladet i formen ::geokjemiske kartnr, 1546-BEKK-1R24 II - Cu

symb." Dette gjelder også tallverdikart med "tall" istedetfor

"symb.".

Pkt. 5. Godkjent  : Skriv navn (ikke initialer) på den geokjemiker som har

godkjent at alle punkter som står ovenfor, er ferdig utført, slik at

navnetrekket betyr at kartet kan bli utgitt uten videre. Oppgi dato

fo r denne godkjennelsen.
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Pkt. 6. Gjelder behandling etter at tegnearbeidet er ferdig.

Reprodusert: Skriv dato når kopien er laget og arkivert for salg.

Arkivert: Skriv dato når orginal, symbolkart og tallverdikart

er arkivert i NGU's kartarkiv.

Utgitt: Skriv dato når utgivelse er offisielt gjort.

Pkt. 7 - 9. Gjelder behandling, bearbeiding og rapportering av de kjemiske,

geografiske og statistiske data. Disse trenger egne kontrolskjerna.

Bemerknin er: Om det er noen bemerkninger skriv dem her.

Trondheim, 3. februar 1977

S>IN

D.C. Smith

geokjemiker



fr evii P6-'

etI

CRDNG THE CORRELATION OF AUFITI'DE AND THE TREE LINE WITII LEAD
IN s'IREAM SEDINIENTS

,H,r Tp-rindheitn,

uphy

t over, approxnuatHy knY in the Grong District
nortnciii4 ut Intndhenta central Ncrav. Clacral acnon has

topiigrajWy rHuiii from iust over 200 m up In almost
1000 m.

.\li'n.. rir.st mainly of pine, spruce and bircla covers the landscape
m. 51)0 and 6{)0 conJer, are rare and stunted whiist bJch

ftjt, ahout 2 m Mgh. Between 600 and 700 m comfers
an• 	 mnh m rare arid stunted to lesz- than 0.3 ni high. AlKwe
7 HJ tne laniiscape 1>!)arl'ell usm%.;repre,ented only by bedrock outcrops
imersper.ed with innumerable hogs and small lakes and occasional rnoraine de-
poHN. Vegetation is innited to abundant lichens, rnosses, grasses, ferns and
heather growing in a thin soil cover comprising mostly hurnus with fragrnents
of weathered bedrock.

hiciro( mind h• iwdruck successively of pehtic
aasic voIcamc stute. a calcareous sedimentary formation, an Intru-

Nive acid plutonic suite and fmally an arkosic conglomeratei all of which have
been subjected to low-grade metamorphism. Most of the geological bounda-
ries, which include both unconformable and fault contacts, a.re parallel to
the regional schistosity.
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The dominant known mineralization in the Grong District is a series of

massive sulphide deposits within the basic volcanic suite containing variable

quantities iif pyrite, magnetite. chalbopyrite, sphalerite and galena. liowever,

although sm.eral rust zones are presently under investigation, only one such

deposit has yet been found within thr anal  leseribed here.

1111'eSlUaltael rVsulls

Obyetio.. .fhis area is part of a region ol about 3000 which ha-; been

partially sumeyed by a combination of geological, geochemical and geophys-

leal met ilods in connebtion with exploration prinemally almed at rnassive sul-

pludr deposits.

Nimphnk. Altogetlwr about 15,000 stream srdiment samples have been eol-

lertell within the Grong District. Active midstream material comprising

inn ,stly inorganic sediment. but with some ola1aillr bomponrnt, wa.s sampled

at 250-ln intrnals along all sizes of streams and \tll wet-saweil in the field

using .10.1ls-mm nylon sieve.

.1nri».., :, The samples were analyzed lny :lroutine procedure of Waesting I g

dradl, rmsieved sample with 5 ml 1 1 IINO, for 3 hours at 110 C,

to 20 ml, filtering and determining 10 elements in solution by atomic


;lbsorption spectrometry. Interest was bamssed on the dbterminations of Cu,


•n and Pb and follow-up prospeming was directed to those subareas showing


iltmtrr ntf anomalles for these eleimmts. Anomahes were airmif:ed Ty the


97Tb; Ihreshold of the cumulauve frkHut,r;vy distrilmtion for the na.hvalual


metal contents, mc. approximately the nushan plus 2 standard deviations


thrrshold in units of log ppm smee the dist ributions approach lognormality.

to 1972 the results ithin whole Grong Distriet produced

suattered anomalous subareas for Cu. 71 or Pb whibh were subsequently fol-

lowed up and which often revealed sulphide minerallzatam. The 1973 survey

;in area of relatively low altitudr ylelded relatively low Plleontents ‘yldilst

the 1971 surtey in an adjacent area of rrlat Ively high altitude yleldrd rela-

td‘rly lugh 10 contents. Indei-d 21', uf tOr 197:l samples shbwed Pb bon-

tents greater than the 97.5'1 threshold for the mitire pre-1971 regional sur-

vrys152 ppm Pblyet no significant sulphale mineralization, and in parthar

lar min galena, had bren found during geohahcal mapping ut this ared.

Comparlson of the Cu, Zn and Pb b(nitb,nt, (if >treani stsliments witn the

underlying brdrock indleated a u.t.rirral correlation of dnd Zn with the

basib ‘rdbanie WhIlSt Pb presented a eunfusing picture. Sinbe a super-




fienal study of the data indwated sonn. kind of mlationship between the Pb

content ;md the altitude of the sample sites, the results from the 1973 and

197-I survvys, a total of 751 samples, were plotted on a diagram of these two

varialles along with an outline of the distribution of trees i Fig. 330
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The curves drawn in Fig. 33 represent the 16 and 84 cumulative p:mcent
and the 2.5 and 97.5 eumulative percent thresholds of Pb content determined
for  .tich 100-m range altitude approximately equivalent to the me-




dian plus 1 and 2 standard deviations, respectivelyb Apart from the 210-
3110-m and hOO 900-m intenals “Ineh have insuf ficlent H3111lwr, samples.
the results display a consistent incre5se iii Pb content Ith Incrcmanc alt:tude
v.ith the createst increase occurring I}et wcen 500 and TOO in, that is exactly

itlun Ibe zone wtween dense forest and t complete abseme trees. TIm

threshold for the Mentifieation of lIr inonlahes ba:3,3 ()r-7thk. 07,5 enimaa-
tne ;Iercent critermn vara,, from alam: 30 ppm at 35011110 alnilll 130 p0m
at 650 m.

Prehin inary examination of these data with respeet to bedrock t vpe
showe I that m three specific subareas aeh of about km' underlam
onIv the plutome stute :11 alt itudes :iround 100 m, 600 m and h00 in.

nearly Il of the samples fall wit bo the respectIve ranges 5 15. 15 10 and
10 100 ppm pir t hiL1 in tv.o sperda: -bMareas underlain by only the bakm
olcame sulte, one at around bo in and the other at around 700 almost

all samples 'ontain, respectn Icks than 15 ppm PI, and greater than 10

pprilIii, ConsIdcring the subareas coblvmg intimately assommcd

1;211rull juli  iku sedirneetary ks most samplek contam less11.:1:. 25
pprn tS10110 011(' sileh :,11barGi ;It :tr“und 500 m whilst within anothi.r at

around 700 m most samples contam greater than 40 ppm Pb. 11111s ilt•

inbreasing Ph content ith inereasmc altilude appears i, hold for dif-




ferent typcs of bedrock.

	

lzmally there sa strullii,1;e•0101k il( ontrol of the distrilnition for
example at some contacts there o i udden drop in tree densny
respondIng dtcrease thickneks, and increase in bedrock ,xposure as one
passes fnan the basic to the :ical igneouk rock sulte. This modifies the rela-
tionshm between the tree lam and altmude such that the tree rances

acros, a 200-m-wide altitude zonc, N i_''rtheIekk thU recional distrWm.on of
bednick type does not seem to ha‘e -,1:.1;.1.rnficant effect upon the tree

The variable threshold for anomalies iii Fig. 33 suggests that the 9h anom-
alies indicated by the regional thresbold 52 ppm Pb I and the 19 ;inomahes
indwated by the local threshold for these 751 samples 1114 ppm Pb;
can be replaced by 14 of whadi 1 ik close a know n Pb-beartng suMiade de-




posit amal ull ot hers which have so far been :nvestigated In tn,ticld ean
related to pronhnent rust zones. Indeed tim sample sIte ncar the only ;:alcha
mmeralization gave 65 ppm I'L which hes below the loeal threshold.

"Fhe results are considered sufficient to infer a reasonably signifitant cor-
relation between the P0 content of stream sediments and altitude and the
tree though rnany more samples need to be examined m this way to ob-




taln a more accurate quantilattve assessment.
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A qualitative relationship between high Cu content in stream sediments
above the tree line (ca. 350 m) in northern Norway and between high Pb
content in stream sediments above the tree line (ca. 1000 m) in southern
Norway were noted by Bølviken (1967, pp. 245-247) and Bjorlykke et al.(1973, p. 123), respectively. These workers proposed that heavy metals areleached out of the bedrock more rapidly at higher altitudes because of moreextensive frost-weathering and then they are taken up by the humus layer inthe soil thus forming higher metal concentrations at higher altitudes becauseof the thinner development of humus available to bind heavy metals, and
then finally they are transported to streams by subsequent erosional proces-ses. This hypothesis is compatible with the data from the Grong area and
thus it is possible that Pb in many of the stream sediment samples with highPb content has been derived from widely disseminated weak Pb mineraliza-tion, perhaps in silicates such as feldspar rather than in sulphides, and there-
fore these samples may not be indicators of significant galena mineralization.

in addition to the bedrock factor and the frost-weathering and humus fac-tors mentioned above, there are, however, several other factors which might
have an effect upon the geochemical path of Pb and possibly cause the cor-relation between altitude and Pb content, for example the scavenging effects
of Fe and Mn, the chemical role of other elements such as Cu and Zn, the
binding capacity of organic material, the frequency distribution of stream
order, and climatic factors. Nevertheless, influence of these factors would
not necessarily affect the validity of the concept of a variable anomaly thres-
hold. Factors that could challenge this concept include identification in thefuture of a genuine geochemical province which partly covers this area or dis-covery of some significant difference in routine field or laboratory tech-
niques as canied out by different workers. None of these various factors has
yet been quantitatively assessed. Superficial observation suggests that thereare some correlations but they appear to be weaker than that with the tree-
line factor.

Despite these uncertainties in the causes of the Pb/altitude correlation, it
is suggested that attention to the results of the correlation may prove prof it-
able in stream sediment exploration for Pb.

Grong represents model F II.

-

•
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STORVATNET AND RETTBEKKEN: MOSS-TRAPPED STREAM MATERIAL AS A
PROSPECTING MEDIUM

D.C. Smith
Geulogical Surcey of Norway, Trundheim, Norway

bitroduction

Moss-trapped stream material was collected from a very limited number of
normal stream sediment sample sites as a preliminary experiment to investi-
gate the geochemical characteristics and prospecting potential of this sam-
pling medium. Samples were taken at two nearby localities, Storvatnet and
Rettbekken, during a regional stream sediment survey in the Grong District
of central Norway which is described elsewhere in this issue p. 227).

Geukwy

Bedrock und mineralization. Both localities lie in the central part uf the
Scandinavian Caledonides. The northwestern half of the map of the Storvat-
net locality (Fig. 120) is underlain by a chalcopyrite + pyrite-bearing basic
volcanic suite intimately intruded by a molybdenite + pyrite-bearing acid
plutonic suite. The southeastern balf comprises a sedimentary suite of con-
glomerate and arkose derived frum the two igneons suites. The Rettbekken
stream flows over the two igneous suites.

Ocerburden. Till is absent and soil cover is minimal such that a great prola)r-
tion of bedrock is exposed between many small bogs and lakes. All streams
contain abundant moss growing on bedrock, on loose blocks and over sedi-
ments; often moss covers the entire width of the stream bed.

Incestwation and results

Sumpling. The strearn sediment samples were collected by a routine tech-
nique of —0.18 mm wet-sieving in the field.

Clumps of moss at or below water level were plucked by hand or scraped
off rock with the aid of a trowel or knife, then squeezed gently to eliminate
most of the water without losing too much fine material. Ten separate
ciumps, around 2 cm 2 cm w.2 cm after squeezing, were collected. regard-
less of moss species, within 5 m up and downstream of the normal stream
sediment sampling site, and were then packed into a paper sample ba12..fhese
samples were heavier than —0.18 nim sieved stream sediment samples but
much lighter than unsieved bulk stream sediment samples. Colleeting the
muss clumps took considerably less time than searching for sites with suit-

able
mert

Bac
han
and
and o

wh: •i
the I:
smna
toLIK
the e
priM;
meat

.111 :1


of 511

teriu
etry.

Rest,
of

betir
igne
ly rc
witb
that
hen
stre:
stre
con
han
ter:
roe

str  

mo
tm  

sar

th  


ln:

•



ithrvat-
iii ba,,in

 (-2d

,.tbekken

I
pruJiOr-

I earri..,i

Il
- tych-

r •nija.d
likinate

i itard-
-illain

1hem•

.'.. -Ie
.:h suit-

i

339

stream sediments, samples and washing the sieving equip-
ment in the field.

Back in the laboratory the moss elumps were and then broken ap by
hand to release all of the mineral and organic matenal trapped by the moss

shaken through a 0.18-mm nylon sieve. lii addition to
and ort,anie material, sinular to that found in normal stream sediment sani-
ples, t hese samplesinclude fragnwnts of the outer layers of the moss leaves
whieh therefore contain heavy metals bound on the surfaue of and within
the iivmi matter. Usuallv about 1 g of sieved material was obtained but occa-
sionaliv the wiught was lower than that desired. The laboratory treatment
took more time than for stream sediments because of the greater volume of
the elumps and the necessity to hreak them up, but these problems could
probably be redueed or solved iv modifying the treatment or the equip-
ment.

All samples were analyled by a routine procedure of digesting 1 g
of sample ti.ith 5 ml 1 1 I , for 3 hours at 110 C, diluting to 20 ml, fil-
tering and determniing Cu and Mo in solution by atomic ahsorption speetrom-
etry.

120 presents four malis which display the Cti and Mo contents
of the routme ,tream sedtment samples m the Ston-atnet area and of Ho
motrapjit'd.1rpam inatenal at sampling sites. In all four the
bedrork path-rn of hiLL and or Mo at particular lohations within the two
igneous suites and low within the sedimentary sudt is consistent-
ly reflected in the secondary inedia. ifowever, the pattern is more distinct
with Mo in stream sediments and with Cti in moss-trapped stream material
than in the other two Perhaps m streams with lov Mo activity Mo is
liound .truntzly IV moss rhan IV th,i romponents f normal

stream sediments whilst t hese media have similar binding capacities in
,,treanh; with ingh N10 arthity thus Litlita a reduced anomaly hackground
eontrast. Such behaviour is utevident with Cti sinee the eontrast is en-
haneed. Nevert heless individual examination of the moss-trapped stream

\‘()Ilid lead essentially the same deductiom, concerning bed-
n)ck minerahiation as examination of the ,tream sydiment re:Aults.

It  -itbekken Lav 270 5211 pi'm Cu, :34 77 ppm Mo from four normal
>4rafri irdan,lits 100 ti apart and 1 15- 560 ppiti Cli, :111 -15 ppm Mt) frum
moss ciumps colleet•d at the same rolir At a fifth site 100 m further

upstream, the result s were 720 ppm Ca. 113 ppm Moin the normal sediment
,tniple and 900 ppm Ca, 305 ppm Mo in the moss-trapped stream material.

.rhus at each site the two ilifferent media gave hroadly comparable results.
Between the first four sites and the fifth there is a significant diffenmce in
the metal content consistently shown by Cu and Mo in both media. This is
attributed partly to the fact that at the fifth site the moss leaves were black
instead of green and speckled with an orange-coloured coating, presumably

•

rilln•••••••  ••••""---
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Fig. 120. Cu and Mo in stream sediments and moss-trapped stream nlaterial, Ston'atnet
area, Norway.
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a result of its proximity to an exposure of mmerabzed pyritized bedroek.
I lo wever, this site gave a higher value of loss-on•ignition (59 wt.'; compared
to the other four sites (3-1-50 wtS in the moss-trapped stream material),
presumably since the stream was more boggy at the fifth site thus providing
a greater proportion of organic materiat which could concentrate heavy met-
als. Ilence there are two factors which can explain thp metal enrichment.

CanC/115/0/IS

Clearlv the results must le treated with eaotion because of the limited
quantjy of data avallable bot it is tentatively concluded that moss-trapped
stream material sampling tends to reveal a stmdar pattern of metal distribu-
tion to that of normaI stri,anl :;:(dirrlent samplina bot gencrally gives en-
halu'ed ;rnalytical resalts la-cause of a higher proportion of orWanly matenal
denved from the

If the rehabdity of sum.ys based on moss-trapped stream matehal can be
confirrned. then Ds. if this sampling medium can alleviate three difficulties
often found with stream sediment sampling:

Sintrtage of sedunents, such as in areas of high rplief where the most
readtly accessibIe seiliment in fast-flowing streams may be that trapped by
moss.

t2 Shortage of water, due to small streams or to dry seasons, which
hinders wpt-sieving.

Shonage of tune, for example in areas with difficult access, whieb  re-
ducis of the surveyed area.

AS a r  nh,ecluenve of the first two factors, compositc samples of moss
ciamps frOle litbrilt st rvaIns etAlld be colleeted in n'Wffils sitli a }11{111 den-
sity of low-order dreams jr of soepag“ zones thtis providing a more horno-
geneotts geochenni ;t1 coverage than could lii obtained by fewer singIe sam-
ides. In comuncitou with the \'Ital third factor of tune saved by the fast col-
lection if moss cIumps, it is suggested that a long-distance compoS'ite sam-
pling program of flloss-trapped stream matehal could be devised for regional
exploration to yield a more uniform coverage over wider areas than can be
achieved with stream sediment sampling under the same financial con-
straints.

Storvatnet and Itettbekken represent models F II and N II—III.

orvalnet
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"upv,ddoelsc dv molybdenitt-minerdlisering som resultat av


geomollologisk tolkning av bekkesedimentanomaller".

D. d. Norges geoLogiske undersøkelse,

Postboks 3006,

7001 Trondheim.

Regional geokjemisk prospektering i is-erodert terreng i

de sentrale nordiske kaledonider ga noen høye Mo-anomalier i

bekkesedimentene. Regional geologisk prospektering, som ble

utført sumtidig, førte til et par funn av ubetydelig molybden-

itt-mineralisering på kvartsganger i forbindelse med svovelkis-

impregnert trondhjemitt. Oppfølging av bekkesedimentanomalier

ga noen svært høye Mo-verdier, mens bare et ti-talls nye funn

av svake Mo-mineraliseringer ble funnet.

De lite lovende oppfølgings-resultatene indikerte at Mo-

irdomallene kunne skyldes konsentrasjonsprosesser i det sekundære

geokjemiske miljø i stedet for høye primærkonsentrasjoner.

Imidlertid viste det seg at Mo-mineraliseringene opptrådte i

forbindelse med noen spesielle langstrakte fastfjellsgrøfter,

som vanligvis er ca. 4 meter dype og ca. 3 meter brede. Noen

av grøftene inneholder en liten bekk, men dreneringsområdene er

likevel for små til at vann alene kan være skyld i dannelsen av

en slik grøft. Likedan er dybden for stor til at isbrebevegelser

kan være årsaken.

Ved den videre vurdering ble det framsatt en arbeidshypo-

cese der en antar at molybdenitt løses ut av grunnvann om

sommeren med etterfølgende frostsprengning av den resterende

bergart om vinteren. Dette medfører en kraftig forvitring, som

på grunn av at mineralisering opptrer i lange, smale og rette

ganger, har gitt en tilsvarende grøftutvikling. Som en følge av

denne hypotesen begynte en nå å lete etter slike grøfter og

flere nye mineraliseringer ble funnet.



videre undersøkelse av forekostene viser at manerali-
apptrer i bunn- cg sidevegger av grøftene og ikke

omtaarno utenfor. Det viser seg ogsd at Mo-gehalten øker når
en jeowair under den forvitrede overtlaten. En antar følgelig

rerligere mineralisering vil Lii funner under grøftene ag

 i områdene imellom.

Konklusjonen er at en regional Lekkesedimentundersøkelse
vijLe seg å være en effektiv letemetode for Mo-mineralisering,
som ikke ble funnet ved bergrunnsprospektering. Det er også
klart at uansett i hvilken grad den geomorfologiske hypotesen
er korrekt, så var hypotesen avgjørende for oppdagelsen av
fleno mineraliseringer.
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FELTARBIDE 1 GRUNGFDI.TETGOMI/ERN1975
kfLRELLPIGRAsttRT ThuNDHjh;NiTTUNDERSØKELSEh)


Feltarbeidet fant steu i perioden 7/7 til 5k. Den første
uken gikk med i orienterende samtaler med Viggo Wiik i Grong
om pruslektets opplegg og andre spørsmal, og dessuten noen
rekognoserende turer i den sydlige del av Trondhlemitt-
feltet, bl.a. de kis- og molybdenmineraliserte lokaliteter
ved "Amøbevannet" og Fremstflellet.

Det aktuelle område (se skis.e I) ble delt i to deler,
den sydliFe del, som omfatter bl.a. "Amøbevatnet", "hort-
tiern", og Fremstfjellet, ble undersøkt av avid Jmith,Nl
dt.nnorblige del, som omfatter bl.a. Reinsjøen og Neså-
piggen-traktene, ble undersøkt av meg.

Torsenget er meget tungt, det har mange bratte skrehter,
og består eller av avvekslende snaufjell og myrer. Den nordli-
e del av området lig er over tregrensen og høyden varierr

mellom 650 m cg 800 m over havet. Nesåpiggen3 topp ligger
på 968 m høyde. umrådet rundt Nesåplggen ligger meget isotert
til og dotte gjorde prospekteringsarbeidet spesielt vanikelig.
Set er nettopp på syd- og nordvesthelningen av NesApiggen
at indikasjonene på molybdenmineralisering,har Kommet fram.

I september ble Nesdpiggenu nordvesthelning på ny besøkt.
Resultatene fra denne turen er inarbeidet i denne rap ort.

Geolo&i.


Innenfor den nordlige del av området opptrer følgende berg-
artutyper:

Trowihjemittiske bergarter
Diorittiske og gabbroide bergarter
Grønnsteiner og skifre

Bergartenes fordeling i området fremgår av kartet, sum
synes å antyde at trondhjemittLegenet blir delt i to av
en ca. 0,5 til 1 km bred grønnsteinsformasjon.



filo -2.

*intnjernitt en:trer som flere variasioner mellom horn-

blen:etøreede trondhjemitt og trondnjemitt uten mørke minera-

ler. .leldspatener hvit, svaJt grønnlig og svakt rosa. nosa

feldstat dntas å være k-feldspat mens den grønnlige feld-

snat er foreløpig antatt å være saussurittisert plagioklas.

Yikroskopisk undersøkelse av bergarten har ennå ikke funnet

sted. :ronAhjewitten er vanligvis groY-til middelskornet,

men forskifrete og mylonittiserte soner ble funnet p3 flere

steder. Uet er kanskje i noen av disse mindre skyvesoner

at molybdenmineralisering fortrinnsvis har funnet sted.

Av grønneteinene og -skifre ble det funnet også flere

varianter. Bergarten kan kanskje deles inn i to hoved-

tyner, den ene 80.171består av overveiende amfibol og felt-

stat (sannsynligvis albitt), og den andre bestående hoved-

sakelig av kloritt og muligens også albitt. Også denne ins-

deling er foreløpig bare basert på makroskopisk undersøkelse.

tftenns'einsformasjonenmellom heinsjøen og Langløftvannet

er hyppig glennomgått av syrcre ganger og sills, kanskje

særlig i nærheten av trondhjemittmassivet. Dette giordP

det piarktisktalt umullg å trekke en skarp grense mellom

disse to bergartsenhetene. Innenfor grønnsteinsformasjonen

ble det noen ganger påtruffet lag eller hartier av kvart-

stttiske bergarter, som ganske ofte er meget sterkt minera-

lisert, hevedsakelig med py men også litt cp. Ln ca. 1u0 -

.LOsm bred "overgangssone" mellom grønnsteinsformasjonen

og den nordenforlig:ende trondhjemitt består av grovkonete,

basiske- til intermediære eruptiver. Disse bergartene kan

vccredloritter, hornblenditter og hornblendedioritter.

Det ble epservert flere småfoldninger i grønnsteinen. fl

tverrforkastn:ng like vest for Langløftvannet, som George

•nie allerede har antydet i sin rapport, ble litt nøyakti-

gere kartlagt. det ble ellers ikke brukt Mye tid til

tektoniske studier i de 4 ukene eom var til disposisjon.



hundt iknrfjelet, noen km syd for heinsjøen, forekommer en

annen grømnstelnsformasjon. ljttersomman må gå ut fra at
denne sonen er ganske godt undersøkt av Gale i tidligere
år, har en ikge tilbragt mye tid i dette område. Grønnsteinen
på jkarfjellet er kanskje mere tektonisert enn grønnsteinen
ved Reinsjøen. Den har svære rustsoner som er synlig på meget
stor avstand. Ca. 200 m - 400 m øst for 'ikarfjelltoppenble
det oppdaget putestruktur på grønnsteinsblotningene.

Minuralisering

:vovelkis er et meget hypoig opptredende mineral og ble funnet
i ganske Store mengde i grønnsteinsformasjonen ved Reinsjøen.
Kisen opptrer i selve grønnsteinen (og -skifere.) og dei
'idligere omtalte kvartsittiske lag blant grønnsteinen. Særlig
i den sistneynte kvartsitten kan kisinnholdet være så høy
som 50 volum% eller mer. Kobterkis kan også bli funnet i
kvartsitten, men som regel som meget underordnet mineral.
hå grunn av den meget utstrakte rustdannelee er de kieminera-
liserte partier i grønnsteinsformasjonen meget godt synlig
ra stor avstand.

ugså i grønnsteinsformasjonen rundt jkarfjell forekommer det
ganske utstrakt kismineralisering, kanskje i enda sterkere

grad enn ved Reinsjøen. Det ble opplyst at Dystein Pettersen
har foretatt prospekteringsårbeider på Skarfjellet, åpen-

bart med lite ornmuntrende resultat.

I nTrneten av tidligere nevnte tverrforkastning, og ca.

haivveis mellom tangløftvann og Piggtjernet, ble det funnet
en 5 - 10 m ltng blotniyg med meget oppsprukken, sanns.
felsittisk ber;;art,som er forhuldsvis rikt mineralisert med
cp. Blotnlygen er dessvme nokså sterkt frvvitret. Denne
lokalitet er hittil den eneste i den nordlige undersøkelsesom-
råde hvor det ble funnet cp i noen nevneverdiggrad.



Ktsmineraiisering har også funbet sted i trondhlemitten,

men bare i atskillir mere beskteden grad og t så fall

nedden ute..);:wndescm svovelais. Imidiertid ble molybden-

nsen nedso:b fun:.eti trondhjemitt. i to lokaliteter

t den nordlige undersdkeldew.råde ble det nåvist molyb-

lenancrtalieri bekk sedimenter. Ved den ene lukalitet

(tedsåpi.:-enssydnelning) forekwiter molybdenglansen sammen

med litt py i glidespeil i trondhjemitt. Ved den andre loka-

Idteten ftesåpiggens nordvesthelning) ble molybdenglansen

funnet som isolerte flekker i en finkornet, kvartsrik

trondhjemitt.

Aomme tar

Av en rekve grunner hadse en i.ve anledning til å være

engere i felten enn 3 - 4 uker. liessntenkunne en, på

grunn av den meget isolerte belig,enhet av Nesåpiggen-

traktene, ikke være lengere ved molybdenanomaliene enn

noen få timer per dd/.stur. <.olybdenmineraliseringenved

NeJåsigren er derftbrikke tilstrekkelig undersøkt, og

hverken feltobservasjonene eller de medbragte prøvene

beøver å gi et riktig inntrykk av forholdene.

Vi har kanskje fått et noe mere sikkert bilde av forholdene

de kismineraliserte soner i grønnsteinen, tilross for at

ef hdlst hdd:e brukt mere tid til undersøkelsene ner. Det

ner ut som om kisminerajiseringen i den erentldLy:grønn-

steinen er en forholdsvis svak impregnasjon av svovelkis

og evt. marnetkis, men på grunn av en del faktorer opp-

trer den nom svære og tydelire rustsoner i terrenget.

Kismineraliseringen i de tidligere omtalt kvartsittiske inn-

leiringer blant g:rønnsteinensynes mere interessant. Kis-

innholdet er atskillig større. net var ikke mulig å fast-

slå mektirhet og feltutstrekning av disse uten graving

eller røsking. Heller ikke dette funn kunne betraktes som

0k,nomisk lovende, ettersom det var intet som tydet på

at det var Cu eller andre tungmineraler tilstede i noen



ben otibexwi:Ieniiiser t f Isi tcn, som ble funnet i en

blotnliv mul om Lgigicy:tvunnetog 1ig7,tjernet,er

vurd lidTmc,reopefølging Cor å finne ut feltutstrekning og

mektit'ne.

.Lomfcrs]åg til feltvirksomhetene i det nordlige omrdet

fer sommeren 1(.376vil en setle fram følgende:

• orLsntt prospektering/rekognosering ved molybdenano-

maii,?nerundt Nesapigen,

opføl,:;ingsarbeidved den kobbermineruliserte felsitten,

5. (:iventuelt)Kartlegging av de kvartsittiske innleiringer

i grønnsteinensom ser ut ti å være rikt kismineralisert.



h

Til Avd.dir. Kvalheim

Fra Geukjemiker Smith

13.9. 1976.

FORSLAG TIL MOLYBDENPROSJEKTET 1976.

Mo-analysering i Sanddøla-NesAvatnaområdet var meritdtr
Trondhjemitt-prosjektene i 1974 og 1975, og viste betvil ii.u
full Mo-mineralisering av porphyry-Mo type flere steder.
Disse resultater er delvis rapportert og delvis under
bearbuiding.

Alle bekkesedimentprøver samlet i Grongtelter i 197z
er nå "dndlysert på Mo, siden dette element ikke vdr talt
før. Tidligere var det analysert på Cu, Pb, Zn og N1 o
senere utvidet til Ag, Co, V, Fe, Mn og delvis Cd oo Cr.

De nye Mo dnalysetall viser andre Mo arc;naller, særitg i 4
områder; Nordli, nordøst Røyrvik, nordvrst Pøyrvik ug
fjellat. Bare 1 av de nye 4 lokaliteter er dulvis ånersøk'

NGU tidligere: Steinfjellet, hvor det finnes Cu cg Pt, an,,ma:1;.;
av ukjent kilde.

De bergrunns geologiske kart viser at i 3 av de nye 10kaIrt,dra
finnes noen granittiske bergarter. Det er ikke utenkellg a;
alle disse er en og samme bergart, selv du har fått ur-




skjellige navn på kartene. Bergartene ligner på ie tr,ndL-
itter som opplrer i tilknytning til Mo-mineraliseringen ;
rådet Sanddølva-Nesåvatna. Dette indikerer milighet toMu-
mineralisering under store delur av Grongfr:.Het.

Det foreslåes ut lite orienterende Molybienpros)eNt
hvor Smith prgspekterer områdene og tar bergartsprøver
Ekremsæter følger opp bekkesedimenter u niuller med nyu brkk-
sedimenterprøver for å bekrefte og defincre anomalier budru.
5 - le dager felten, inklusiv reise skulle dreie sed Lrd.

Tidsrmmet skdl være avnengig dv snøfurnuldene på foelh
sesoug tur elgjakten. Cd. 100 prøver Lzr saDles og inrtLift!
på Mo [9t Cu. BearbeidIng kunne etføres samtidig son. LIcirb•

av Trondhjemittprosjektene, meu resultalene kunne skrivr-s
forskjellige rapporter.

se i(de 1911-2 I fin-s-
Anomall/bakgrunn ki-itrast på nordøst RøyrvikA lokalitetbn ti

200:2 ppm Mo ag derfor foreslrles at NGU muter denne
De øvrige 3 lokaliteter har mindre kontrast, slik at viden
lysninger trengef før rgiting foreslåes.

Det treslAes cys, it 1,ekkescififientprøccue iLI fIJIlfe.c
skal Je.alyserus fnr Mo. Dct tfengs opp-stutnin
fra 1969, 1970 ,a 1971, og on. pr:ene t nnes, ou. 20'
1964 - 1965.
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FIELD NOTES - DAVlb - SUMMER 1775

	

SANDUO 1,A - NESA':A IS 1 RICT. GRO:“;

NGO series M711 1,30 000 mapsl.eots ANI)ORS.TW-IN and T3:AMSSKOGA>.:

Abbreviations.

1. rt Locality nurnbe r
1,' , rIvi-, oto nurnber of Nor-Fle se ries 337
S z Strike measured on a 3600 compass
D z- Uin measured on a 00° c1i1iurneter




Rearing nreasured on a 3nric , ornrrass
1-> = r): :,/tLto ntasasurrd on a rt(tu 21ino1:.-tr.r

ele ..-tre rut rZ s“,-...pi{ n -,.;.• r ;

SKARVJELLSVANNET wa1king suid1 F12(1H

Ll
Shear zone 5122° D 52° NL. allnost entire13- Ilorite - opa
Good toliation paranel to strike and dip, good lintotinn R
Quartz rods parallel to chiorite lineation, ca.
len;tth-of rods, also rrrrn. wrde
Sisot'u D or. a cerarrt
1<o( k 1:ds dltorritto

host in itluritc-rLh tiost

Quartz rods pr,Httnnt ol \t,ottilorod

Co!“.hision: o: tro1.dhte1:.:to
and Sogregated into hlurite- or onartz-ri, lavers.

Ouartz veins 13 ns wide 51Po

2 quartz veins 7 6 20 cm wide S 160° D Rou

Quartz vein 2 - 7 (rn wide 51200 D S()c
Several quartz lenses wedge out after 1- 2 rn.
Quartz lenses, veins and rods nrav be re1ated: ins rnav .r.re later.

Interhanded ehlorite- or gkarti.ri, 0 ba nds 5 - ,
sonle distinet 51100 D600 N.
!dentical ro,-k tvp,- to 1.4 Chloritt r. -s
resernble greenstone.

"Fop of ridge,
Mit rodiorite or grut-ustone 10(1-1 appdt-t-ntl
rudded s, hist reit has :ts own ILilOtini 5^0°  
0011 dde to s, hist S 3500 and oi:nur narrow
into the s, hist.

Foliated trondhjernite S136°

LS Top ni ridge.
Foliated trondhjenrite 100; S1 Yr" D 73°
1rnpregnated by epidute and grey 0 lartz voins pdrall.o! to 10
SIssua D 60° NE, and thbamite ve:Ls S

1.9
Purphyriti ioi rodioritt- l/Hrite ln R
IhtrallA to CroSs-t.utting t•pi-dute • 01octe

IS stro::
" 1K-1-1<15

LZ

L3

L4

L6

L7



2

5 1700 DRO0 E. Quartz-rodded trondhjemite 1007 on utmill side.
Purphyritic trondhjernite 1009. No clear contacts. 1006 may
chilled margin of 1009. Coarser diorite hornb1endite 1010 witnin
the diorite unit.
Westwards of L9, nuartz-rodded trondhjemite and diorite are often in
close proximity but contact obscure. Subparallel dirmtions of nuartz
rodding and shearing in diorite.

LIO 'Fop of nidgt

Quartz rothlbd trundhjt•mite Is nuw nostv and ontains sulphide 1111,
1112, 1113. 1114 /,.r 1115 (same san:ple) from a ca. 10 n: wid< hand

which is very rusty.
Contact between quartz-rodded trondhjen-lite anb diorite ban ut narruy
down to rn :ibove swamp and snow patch. St histosity in diorit0 is

related to epidote nuartz veins and is essentially unturn.abl- tu tht•
contat. t, whilst nuartz- rodn.•:y apuears oblicaue. Cobta, t Iikciy to haw.
been affet ted by shearing muuveihents.

Below 1.10 On southern side.
Can see some quartz rods in sonb ur rnanv very rusty a. 10 cbu
patchor band, in:pregnated t uvnitt uresurnar)iv i»it not cerruttiveIv
atter rodding. Hatively resh tirunitt 1020, 1016 epidote - impre .gnitted

quartzrodded trondhjemite. •Hurphyry dvke injet ts dibrite, oro
white plagiot lase, other nherr. n.sts
byke 1ett rIv uts sc Hstosity „:

porphyry 1017 and diorite 101b t id

rnineral rcat tion.

SKARFJELLSVATNLT to FICEMST'IJI:H>JUT F1200

Again.
1021 and 1022 (same sanmle) of another rusty patt h ut dal

trondhjemite.

W-side ol Korttjern
1023 good epidotised trondhjemite.

Top of ridge.
1024 sericitised, not epidotised, trondhjernite 5 100° D60° N,
of weak toliatiort due to planes of sericite.
1025 epidotised, not sericitised, trondhjemite on onousite - ot
narrow gully from 51024. 

1026 1027 adjacent som imens a few motres :inthen suutn,
sulphide and a red shinv translut ent mmeral.

Near Linjebekk
1028 sericitised trondhjent te in a gully. Between 1.12 and L13 b ee
has either sericitised or epidotised trondhjen:ite.

L14 1n a gully below scree X of Fren.sttiernett
1029 sericitised trondhiemite shmt ra: into layers, some riener :n .
than others, some layers allbost ;flIre hlorite 1031. 1030 shcrws
boundary between two lavers. 	 nesunoahlvrtunsents 0 shett

L I 5 Fremsttjernet.
Sheared trondhjemite 1032

LIO

L13



Perfeetly layered quartzite, rusty, 1033, 1020 ss
1034 greenish rock sorne 10 n lower.
1038 sheared trondhjente like 1032 10 rn lower a water's

	

1.) 37° N. All satnples 1033 - 1035 yolle te( fron: a with
(ontinuous exposure of rusty u:itinaally-varving ruck )

parallel.

L1.7 Traverse along a gu11y froln linE lake suuthward tuFre:nsty
103r, green trondhjernite ;ollowed by veins of 5 - wide tr ate
(utting greenstone and its tuliation. Several rusty pah hes Ho:.irrettalaH-
cpiartz. veining. Malauhite  u ars in trundhjalaite 1017 <ala rtr.
10 tk. Further south ;tnd rr,i;hd wnst r:sty

sainHe 1040) with snlphidv, sinhowhat

L 16

On top of the Sig ult ti Ltv 1 sttjaritet.
Qudrtzite again. Shear, ru 1011. i:Ishea.ra
1042 at hill too. Many s her.
ahd puartz riLh, J..nath
(1,m, Hsion: ftis sait: t fl t1t, tru:,


taH)liyated at first L;
,11,̀ fl rirt° of

N1.tv Gdle ' s ut_ a lt(

L19 

(.! ritit paartz t vith goori -dding or oliatini

I I side.

L 18

,Sttjk t-tt

L20 (h, ridge, 100 rn 513 u! I 10
Vhlurith quartzite 1044

121 ( )the r side of gully.
Linwstone 1045, bedding not seen, but gully is parallel 'o thn trtti'n
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Pppen I k

GEOLOGISK TEGNFORXLARING TIL KART NGU 1276-03.

fra kart NGU 1166-10 etter Sverdrup.

a Høymetamorfe bergarter i nordvest.

b Gjersvik-dekke med intrusiver.

Sanddøla-Limingen gruppen.

Fyllitt-grønstens serien.

e Børgefjell Massivet.

f Gellvernokko-dekke.

Leipik-dekke.

Olden-dekke.

Seve-dekke.

østlige kambro-silur bergarter.



PISt.2CY-M.E'S LeGE,JD k m,qp; W CrV PetryIrt
Nr• 1213 . /14n., Ilbf -0,
r.17,J, f ne. 11194

Green coloured siltstone and sandstone on
map 1293-07.

Calcareous psammite.

Arkose nnd conglomerate derived from trondbjem1ta.

16

13. Meta sediments; calcareous semi-pPlite and arkose.
13a. Calcareous pelites, sPmipelite and phyllitles in
Elstadelven. 13b. Non-calcareous arkose, sandstone andminor phyllite north of Llstadelven.

12. Trondhjemite, medium grained; 12a. Fine-to medium
grained; 12b. Fine-medium grained with dissemanated
pyrite; 12c. Trondhjemite intruded into greenstones.

11. Gabbro, medium-grained; lla. fine-grained.

10. Caleareous sediments (phyllite, si1tstre,
conglomerate and sandstone). 10a. My1on1t,m

9 Conglomerate derived from greenstone and keratophyre;
with minor sandstone immerSe westof Gailtrve^p

8. Ruartzite horizons; 8a. Silicie rocks of unknown
origin in Fremsttjern area; db. Calcareous silicic
rocks of unknown origin (map 1293-06).

7 Keratophyre.

12

11

10

F 1

r 2

‘a. bk.
Uastc volcanic rocks: er) greenstone; ht tuffs and
volcanic sediment; c)fmainly volcanic sediment. Contaismminor keratophyre.

Basic volcanic rocks: Amphibolitic, cenerally layered;
contains minor keratophyre.

Limestone/marble.

Pelitic and psammitic rocks, phyllitic ln part.
Prohably equivalent to 2.

Mica schists with garnet and kyanite.

10.
Gneiss, undifferentiated:la) medium-to coarse-grainad;
h) fine-to medutm-grained; cj layered gneims.

lb ic
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Helianomali nr. 19 if.f. 357.501 - mattl.

Målemetode: SP. Ingen anomalier.

Helianomali nr. 21 (f.f. 357.904 - matt).

Anomalien funnet ved minigun. To topper. Fant Tynn yy-stripe
gammen med Fe-kvartsitt bU sydligste anomalitopp, inmentlnm
den andre.
Anomalden bør sjekkes med VLT/APFX.

Eelianomai 22 (f.f. 35 - matt

Ma1emetode: SP. Tngen anomnlier.

Helianomali-nr. 32 (f.f. 357.704 - intt).

Malemetode: minigun, VLF, SP. Hsske på VLF-nnome
29cm ny-sone (vasskis) sant 9cm mt.

nr. 33 Lf.f. 357.704- mattl.

rosket og fulinetpy-gone 9 1173. VLF...propjlet
anomnldtopp enn gun-malingene, men 1 dette tilfelle ro man1gui
korrett nnvigning.

Helianotåll nr. 36 50L - f:att).

Malemstodo: SP. Røsket og funnet tre tynne py-gtriper i grønnstein.

Helianomall nr. 42  il•f. 2597.50r- mattl.

t"..ale!petode:2P. r.anmesvake anomal5er og APEX-uspber.
Ikke resket.

FREMSTFJELL.

a) Geolog Gale fant en tyinncpy-stripe i SY-kant nv et lite tjern kali
"Amobetjern" na D. &oiths anos,alikartfra ro/cu-rroouk:cr

 ga ubetydolige uislag over sonen tes.'ckalt nar .
10 - 15cm's mektighet, men Poimmtrg er en uPetyde-1J ery-m

357.72 - glanga.



•

1 3.

Mo/Cu-impregnasjonssonen på Fremstfjell ble berdrt samper. p
Gale, Smith & Co. Mitt inntrykk cr følgende: rravetakingr..I jord,hergart og humus har gitt til dels sterka dnomalier davel
denne sonen som pg:tenkelte andre lokaltteter. Anomalicone skyl

. mIneralisering i da9en. Fjo1let er for det ::.(2fl4;0rOdi T.Upt,.

I	
og det en kan se av iy/Mo/Cu i dagen er sver-. !.t.p.(:sakes-0

tyder pd at konoentrorinuen I f-JF.kosedlpentor o9 t,ord '
dterk. Enkelto dtgrro :,:o-druiPaIier forkJas, '- ondre loes:':

I

meP ,Q1C1010 i kva-tg. 9? .• t emk e Cte-uloo.d7 L(ps. e

Unlersøkelser kjr tf dp
oc:Ien ved røskric 1oaf1 an om .
vartagjoner innen sonon. Fordvmio henp

i

VI fant en tynn py/mt-stripe nord for Inngt[iern or målte
VLF-profiler. Sonen som kan folges mer cdtp(flt:Mlootter
?;:o/Cu-donen pd Fremstfjeil, ga gv3mt s '-c d:.[(2...0?..

Analy....0 av py-orove ga 9,2 G, C,C;; Zn.

I Leg:ger opp a skrIntncen me: ife71 :-H-2 sp.• 't to apIm
goncr. iNdtalysor av :fl: 1-^1-a derl n edersto st Zn.

I F.f. 357.1208 - glansa.

•

SICkVAT:;AI:.

Det ble boret fem hull på anomalier fra turac
Pare malmsonene er lorget, de er deosuten co.a

Resdltater:

Bh. Koordinater Hellin, Interv. Beskrivelce

lk ,u 'm 00
32,03 Gr. •

rld
0

40,51=1,51 Gr.st. 0,00 L,C 9 ]2,7

50,03

40,00
43,00=3,00 Gr.st. m, pe/t py---p.

4,T5 :;:asstv
EB Gr.st o, pc n.

rå CuPttl

60° 110,00

	

119,25 Gr.st. m. ret-str_per
og -1M1). 60 - -00.

119,70=1,45 Po/py-striper i rr.gt. 0,02 C,u2
G

	

121,62 r.st.

	

122,57 Po/py-vcvoc -tm.p. 0,02 0,01 74,5

	

130,00 Gr.st.

-

OU

0,01
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14052ER PÅVIST. OPPTRER SOK EN TYNN FILM I SPREKKERI

KVARTSRIKE PARTIERI EN AMFIBOLFMENDE TRONDHJEKITT,

TRONDHJEMITTENVIRKER INTRUSIV.

7 atk. PRNER(SLITS) 905/400-407BLE TATT. VÅTVEISANALYSE

VAR NEGATIV. PRiiVENEBLE KONTROLLERTPÅ IUSTGEN.

D.V.S. IKKE PÅVISTKENGDER OPPTIL 0,003510'or	
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SLIP FRA LOKALITETVISER:

EN SER-PLAG-KVARTS-KLORITT-AMF-

EP-TITANITTBERGART

KVARTS SEK.

DIORITT?

DAN

Mo32 LOKALITST
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OGISKE UNDERSOKELSE
Prpe,clx

LIST OF CONCENTRATION DISTRICTS

(on the combined 1:50000 Narnaskogan

Number Narne

+ Andorsjøen rnap)

Element riorit

Zn, Cu, Mo, Pb

Zn, Cu, Pb

1

2

Øst Finbuvatnet

Vest Kolitjernet

3 Sydøst Frernsttjernet Zn, Pb

4 Øst Fremsttjernet Mo, Pb, Zn, Cu

5 Øst Fremstfjellet Mo, Cu, Pb, Zn

6 Vest, Fremstfjellet Cu, Mo, Pb, Zn

7 Syd Skarfjellet Cu, Zn, Mo, Pb

8 . Øst Korttjernet Mo, Pb, Zn

9 Sydvest Langløftfjell et Zn, Pb, Cu

10 Sydøst Lang1øftfje11e.:t Zn, Pb, Cu

11 Øst Skarfjellet Mo, Cu, Zn

12 Syd Piggvannet Cu, Mo, Pb, Zn

13 Nordøst Piggvannf:t Mo, Pb

14 Vest Nesåpiggen Cu, Pb

15 Vest Øvre Nesåv:i.nnet Cu, Zn, Pb

16 Syd Øvre Nesåva nnet Cu, Pb

17 Øst Nesåpiggen Pb, Zn

18 Sydøst Nesåpigg.en Cu, Pb, Zn

19 Vest Blåmuren Mo, Cu, Pb

20 Nord Blåmuren Cu, Pb, Zn

21 Nordøst Gaizervannet Cu, Pb, Zn, Mo

22 Nord Gaizervan net Pb, Zn

  •  
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3001

David Srnith's røvesamlin

TrondLernitt- ros•ekt seson 1974

FORELlifierMAKROSKOPISK BESKRIVELSE

Arkosisk eller granittisk be rgart ?

Grovkornet 0 - 4 mm

Sulfidmineralisert py, MO .

Trondh'emitt ?

7.11. 7an

3002 ds.

3003

3004 Nærmest kompakt sulfidknoll eller 4434-rc(py) i kvartsitt

eller trondhjemitt ?

3005

3006 Finornet, mø rk sanns. kvartsFik bergart (kvartsitt?) Sulfid-

mineralisert, py i småkorn og tynne stringers.

3007 Grå, lyse-grå-(grønnlig i fersk brudd). /1.1ert finkornet. I

forvitret flate grønnlig. Småputer ? Grønnstein. Noen merke

amygdules. Py i mm store årer mellom "putene".

3008

3009 Finkornet, mørkegrå i fersk brudd. Grønnlig i forvitret flate.

Massiv grønnstein. 


3010

3011 Finkornet, mørkej,:pålaiptfersk bruddfl. grønnlig i forvitret fl.

Litt skifrig, noe ' eller/og serissitt. Litt sulfidmineralisert


(py) i små. terninger (0.1 mm).

3012



920 —

3013 Tildels gangkvarts.

Tildels kataklastisk, finkornet. Lys, nesten hvit kvarts-feltspat

bergart. Noen små prikker av mørkt mineral. Trondh•ernitt

eller keratofyr  ? (Ts. 9n$ks).

3014

3015 I fersk bruddflate minner sterkt om nummer 3013. Mange

stikk og glidespeil, som er mørke, og har litt serissitt.

3016

3017 I fersk brudd lyse grå, finkornet kvarts ?

.Kvartsitt ?

TS 3018 I fersk brudd lyse grå - grønn, finkornet m. svarte linser av

0. 5 - 4 mm. Kan det være en basisk pyroklastisk bergart ?

3019

3020

3021 Altfor forvitret. Forvitringsfarge rød (hematitt farge).

3022

3023 Kompakt, finkornet py.

3024

I TS 3025 Finkornet, tett. Kvarts. Litt sulfidimpregnert. Kvartsitt

3026

3027 Porøst, middelskornet py og kvarts i 50% - 50%.

3028

3029


TS




3030



ine —3

3031 Porøs bergart, Tildels forvitret i hulrom cp, kvarts, limonitt,

litt malakiyilesten kompakt cp.

3032

3033 som 3031

3034

3035 som 3031

3036

3037 som 3031

3038

3039 gangkvarts

3040 gangkvarts

3041


3042

3043 Grovkornet (3-4 mm) Éeltspat (plagiokl., lys--gule) meget lite

kvarts, meget lite glimmer (serisitt) litt forskifret.

T rondhjemitt.

3044

3045

TS 3046 Stort sett sorn nr. 3043

3047

3048 Trondhjemitt som nr. 3043. Sulfidrnineralisert (py-terninger).


3049

3050 Trondhjemitt, sanns. meget tektonisert. En del py.

3051

3052 Meget finkornet. Skifrig. Mørke grønn-svart. Ganske hard

(alb, -klorittskifer ?). Grønnskifer. Noen py-impregnasjon.



TS

TS

P)0 - 4

3053

3054 I fersk bruddflate lysegrå. I skifrighetsplan grønn. Middels-

kornet - finkornet. Antakelig hovedsaktlig kvarts og feltspat, med

kloritt i mange glideplanet

3055 Mørke grønn finkornet. Skifrig. Sanns. litt bløtere enn 3052.

Klorittskifer.

3056


3057

3058 I fersk bruddflate: hvit. I forvitret flate brunlig - rødlig p.g.a.

.jernhydroksyd. Meget finkornet. Bare kvarts.

Kvartsitt .

3059

3060 Sterkt tektonisert, med Fe-oksyder og hydroksyder i sprekke-

flatene. Hoveds. plagioklas (?), muligens sanssurittisert.

3061


3062

3063 Fersk bruddflate. Grønnlig-grålig. Noe skifrig, muligens gjennom-

gått noe "shearing". Finkornet. Basisk ell. intermediær bergart

som ble tektonisert med nydannelse av kloritt og epidot ?

3064

3065 Grovkornet, massiv, gjennornskåret av noen opake (rnt) soner.

Litt kvarts, rødlig og grønnlig feltspat. Trondhjemitt, av Stni,


kvartAonsonittisk samrnensetning.

3066

3067 Fin- til middelskornet. Lyse grønn.

Klorittrik. Kvarts, feltspat,

Grønnstein ?

TS

3068



A20 - 5

3069 Tett, massiv - finkornet. Kvarts an med litt limmer 9

3070

3071 Samme som nr, 3067.

3072

jeo rik /f
3073 Finkornet, noe skifrig, grønn. Grønnskifer, eller litt på-r-k-t-f-r-rt

basisk eller ...rnediær (gang-) bergart ?

17-1fer-
3074

3075 Lagdelt bergart av lys (hvit), lysegrønn og grønne lag.

TS .Sedimentær ber art eller tuff2

TS


TS

3076

3077 Finkornet, svakt lagdelt bergart.

3078

307'4 Trondhjemitt som 3067, med basisk xenolitt.


3080
SCUSSUrit i biser - 1

TS 3081 Middels- grovkornet. Grønn- mørkegrønn i fersk bruddflate.

Brun i forvitret flate. Hornblende og aettetteretttriat plagioklas

med sulfid (py). 2xieta6.7abbro eller metadioritt.
kOtt/n/ler- Iileni slentrner like rned »tekr, iejkriv-else ,

3082 Det sainme som 3081

3033

3084 Grønn- mørkegrønn i fersk bruddflate. Brun i forvitret flate.

skifrig. Mye kloritt, kanskje også amfibol, sulfidimpregnasjon

(py-terninger).

3085

3086 Middels- grovkornet. Massiv mørkegrønn- svart. Hornblenditt 


TS med magnetitt. 


3087


3088


3089



p2o - 6

TS 3090 Grovkornet. Mørkegrønn m. hvite prikker. Hornblende og

saussurittisert plagioklas. Metagabbro eller metadioritt.

3091

3092 Grønn - lysegrønn. F'inkornet. Skifrig - stengelig. Sulfid-

soner (py) som er sterkt rustet. Grønnskifer.

3093

TS

3094 Lysegrå. Finkornet matrix med store (3 - 5 mm) hvite feltspat

feftokrystalltr eller porry ro HasAtr- -
„

Porfyrittisk hornblencle—trondhjernitt.

3095

3096 "Noe skifrig, ellers tett. Kloritt og epidot . Klorittskifer.

3097

3098 Grå, tett, finkornet. Sanns. mylonitisert bergart.

3099

3100

3101 Finkornet. Massiv kvarts o

3102

5
3103 Grågrønn - grønnlig grå. Grovkornet. Saussurittirt plagioklas,

Hornblende.

Hornblende, trondh'emitt - kvartsdioritt.

Makrosk. beskrivelse stemmer ikke med tynnslipbeskr.

3104

3105

3106 Leirskifer med lag av MnCO3 ?

3107


3108


3109



1

19.20-7

r

	

3110 Gråhvit. Grovkornet. Kvarts. Plagioklas (litt saussimittisert)

Hornblende - sulfid (py). Trondhjemitt.

Kontroller igien)439~ ivelse stemmer ikke helt med

mikr. beskrivelse.

6eksigt-
3111

Il

	

3112 Matrix lysegrå og finkornet. 2- 4 mm store plagioklas

Sulfider (py og kanskje cp). Trondhjemitt. Sammenlign med 30?4.

3113

	

3114 Grønn. Finkornet. Tett. Grønnstein (sannsynligxis mineral-

innhold albitt, epidot, kloritt).

3115

	

3116 Lys -hvit. Kvarts- feltspatgang.

3117,

	

3118 Grønnlig lys. Finkornet. Tektonisert Trondh'ernitt

3119

	

3120 Lys-hvit. Grovkornet. Kornene er avrundet. Sanns. av

trondhjemittisk eller granittisk sammensetning, men kixte er det

ikke en erosjonsprodukt fra en granitt ?

3121

	

3122 Fin- til middelskornet. Lys. Kvarts, saussurittisert plagioklas.


(k feldspat ?) litt serisitt.

Trondhjemitt  (kanskje noe kvartsmonsonittisk).

3123

3124 Lys - hvit. Grovkornet. Kvarts, plagioklas, litt hornbl.

T rondhjemitt.

3125

3126 Lys-hvit, Grovkornet. Kvarts, feltspat (saussurittisert plagiokl. )

(og k-feltspat ?). Litt hornblende. Trondhjemitt (event. noe

monsonittisk).



TS

TS

TS

P20- 8

3127

3128 Grønnlig - lys - hvit. 11-
Store, ca. 4-5 mm store fernokrystaller i middelskornet

matrix.
n- eat Lt

Fessokrysta11 er sonert plagioklas. Matrix trondhemittsk

Porf risk trondh'ernitt.

3129

3130

3132 Lys-hvit. Grovkornet. Avrundete korn 7

Feltspat (plagiokl. og event. litt k-feltspat)

"Kvarts.

3133

3134 Lys-hvit. Grovkornet.

Kvarts. Saussurittisert plagioklas.

(og k-feltspat ?)

Trondhjemitt (event. noe kvartsmonsonittisk).

3135

3136 Lys-gråhvit. Grovkornet.

2-3 m store felpokrystaller av saussaittisert plagioklassa,

Kvarts. Trondhjemitt.

3137

3138 Grå-hvit. Grovkornet.

T rondhjemitt.

Slip-beskrivelse antyder store feakrystaller av saussurittisert

plagioklas. Sjekk håndstykket

3139

3140 Lys-hvit. Grovkornet. 5,5 mm

Kvarts og plagioklas (

a S5 ce sf ert
Trondhjemitt.

3141

3142 Hvit. Finkornet og tett. Sannsynl. kvarts og feltspat. (lys og

finkornet deformert parti i trondhjemitten ?)



g 20 -- 9

3143

TS 3144 Grå.

Sjekk håndstykket en gang til

3145

3146 Sammenlign med 3122

TS
3147

3148 Grønnlig-grå.

TS Grovkornet. Plagioklas, kvarts, kloritt eller hornblende.

Hornblende trondh'emitt.

3149

3150 Skifrig. Finkornet. Grønn.

TS Kloritt, serisitt, kalsitt.

Kalkholdi serissittskifer.



efreintk

DAVID SMITIEs SLIPSAMLING

Sesong 1974.


Ref. hans prøvesamling fra samme sesong.

pr.rfr•
Fortai Mikrosko isk sli )beskrivelse. 7:11. jan

cyydraj /2”

3007 Finkornet
Feltspat —11> sanns, albitt
Biotitt
Amfibol gronn - fargeløs

Grønnstein, sanns, basisk vulkanitt.

3018 Finkornet
epidot
kloritt
feltspat, sanns. albitt
tynne årer av kvarts

Grønnstein.

3025 Finkornet
Hoveds. kvarts

kloritt
epidot
opake mineral. (py)

Kvartsitt.

3029

3031 Opake mineraler med sanns.
epidot
kvarts
kloritt
muscovitt

? i sprekkfyllinger.

3046 Fenokrystaller (eller porfyroklaster ?) av sonert,
saussurittisert plagioklas.
Finkornig matrix av kvarts - feldspat (albitt)
muscovitt

Porf •risk - Trondh emitt.

3048 Ingen fenokrystaller.
Saussurittisert plagioklas.
Litt kvarts.

lu scovitt
Epidot
Opakc (PY)
Trondh utnitt.



52 — 2

3056 Kloritt (bl. pellvnin)
Muscovitt
litt epidot
Kvarts

Klorittskifer.

3058 Kvarts, nesten 100%.
Noen få opake mineraler .
Meget lite serissitt

Kvartsitt.

3065 Kataklastisk bergart.
Sanns. relikter av saussurittisert plagioklas.
Mye sjakkbrettalbitt.
Kvarts
Se ris sitt
Troncihjemitt av sannlig opprinnelig
kvarts monsonittisk sammensetning.

3067 Tett, meget skifrig, finkornet.
Kloritt
Albitt (mange inneslutninger, oppr. plagioklas)
Epidot
Kvarts i kluser (sanns. av senere dato)

Gronnstein - ronnskiter.

3069 Kvarts (nesten 100%,)
Litt muschovitt

3075 Skifrig, noe lagdelt, finkornet.
Albitt - (eller plagiokl. )
Epidot

i bestemte lag.Gronn hornblende
Opake mineraler
Sanns. lagdelt basisk tuff ?

3077 Feltspat albitt eller syr plagioklas
Grønn hornblende
Epidot
Kloritt
Opake ertsmineraler

Gronnstein

3079 Store fenokrystaller av saussurittisert plagioklas
i rnatriks av:

sausurittisert plagioklas
epidot
muschovitt
kvarts kanskje av senere dannelse ?

Trondhjemitt



gal — 3

3081 Opake ertsrnineraler
Epidot (og zoisitt ell. kl.soisitt)
Kloritt

Kvarts

Kontroller igjen, stemmer ikke med mikr. beskrivelse.

3086 Gronn hornblende
Magnetitt
Plagioklas
Kloritt

Nla metittrik meta abbro.

3090 Hornblende, grønn
Epidot
Saussurittisert plagioklas
Magnetitt
Metagabbro (eller metadioritt)

3094 Fenokrystaller av saussuritnsert plagioklas og
gronn hornblende
Matriks av

kvartsifeltspat (meget finkornet, ikke nærmere
unde rsøkt)
hornblende
epidot

Hornblende-holdig trondhjemitt eller - dioritt.

3096 Finkornet
Epidot
Litt amfibol
Kloritt
Kvarts
(og feltspat ?)

Tektonisert rønnstein (bas.

3098 Fin- til rniddelskornet
Arnfibol
Epidot
Kloritt
Feltspat albitt ?

vulkanitt) med kvartstilforsel

Gronnstein

3103 Epidot
Kloritt
Kvarts
(Feltspat)
Erts med titanittrand

Gronnstein - tektonisert.

NI.i kontrolleres igjen. Stemmer ikke med makroskopisk
be sk rivel se



/9,74 — 4

3110 Store saussurittiserte plagioklas-fenokrystaller
Mindre (feno)krystaller av epidot.
Matrix Meget finkornet
sanns. kvarts og feltspat
rnuskovitt
klo ritt
titanitt

Sterkt saussurittisert orf risk Trondh'emitt ?

Kontroller igjen. Teksturbeskrivelse stemmer ikke helt

overens med mak. beskr.

3132 F'enokrystaller av saussurittisert plagioklas, tildels
oppsprukket, tildels avrundet (?) korrodert med
tilvekst av fersk albitt.

Matrix Kvarts
Albitt
Nluskovitt
Amfibol
Titanitt
Epidot
Zerkon (?)

Porfyrisk Trondhjemitt

3134 Store fenokrystaller av saussurittisert plagioklas
tildels oppsprukket, tildels avrundet.
Korrodert og ofte omringet med fersk albitt.

Matriks: Albitt ofte i meget store masser
Kvarts
Epidot
Muskovitt

Porfyrisk Trondhjemitt (av oppr. tonalittisk sammensetning,
med senere nydannelse av albitt ?)

3136 Store fenokrystaller av saussuritisert plagioklas.
Soneringen såvidt synlig.
Tildels sterkt korrodert med mulig nydannelse av
albitt omkring.
Amfibol

Nlatrix : Kva rts
Albitt (sjakkbrett albitt sett tn gang)
Epidot
Titanittj
Apatitt

store krystaller

porplyrisk Trondhjemitt.

3140 Fenokrystaller : Saussurittisert plagioklas
sonert.
Matrix Albitt, tildels sjakkbrett (er dette albittisert k-feltspat ?)

Kvarts
Muskovitt
Epidot
Amfibol

Porplyrisk Trondhjemitt



P2.1—s

3142 Mylonitt, med åpenbare glidestrukturer
med grano- og porplyroklaster av kvarts, plagio-
klas (albitt ?)
Soner av sannsynligvis epidot (meget finkornet).

Sanns. in lonittisert TrondLernitt.

3144 Store krystaller av saussurittisert plagioklas
(3 - 4 mm store).
Matrix : Kvarts

Plagioklas saussurittisert, nå albitt og ep dot
Muskovitt
Albitt med sjakkbrettsturktur

Trondhjemitt porfyr

3146 Store krystaller av saussurittisert plagioklas
Kvarts

Kloritt
Muskovitt
Karbonat
Epidot

Tronclhjemitt 


i knusningssoner

3148 Store tenokrystaller av sterkt saussuritisert plagioklas.
Matriks av : Kvarts

Plagioklas (litt "ferske,;i", men allikevel
litt saussurittisert)

Epidot-j
pseudomorf 7. sanns. hornblendeKloritt

Sjakkbrettalbitt
Apatitt

Porf risk hornblende- trondh ernitt

31 50 Sterkt klastisk.
Kloritt i slirer
Kvarts
Feltspat
Karbonat

Kalkholdig fyllitt
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Appendix 26.

List of thin and olished P sections manufactured.

Oppdrag 1289 Oppdrag 1368

1g2-6

SUM 42 thin sections

3007
3018 P

3025
3029
3031 P
3046 P
3048
3050
3056 P

3058
3065 P

3067
3069 P
3075 P
3077 p
3079
3081 P
3086 P
3090
3094
3096
3098
3103
3108
3110
3112 P

3114
3120
3122
3124
3126
3128
3132
3134
3136
3138
3140
3142
3144
3146
3148
31 50


1004
1006
1007
1017
1019
1028
1048
1049
1056
1058
1060
1062
1063
1069
1070
1071
1072
1073
1074
1075
1077
1078
1108
1109
1110
1111
1115
1118
1119
1125
1127
1141
1163
1164
1169
1182
1190
1224
1226
1263
1273 B
1273 C
1275
1276 B
1280
1281
1286
1301
1305
1306
1310
1313

SUM 52 thin sections

TOTAL • 94 thin sections
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g

Analytical Results from the Gaizervannet Soil Survey.

netern.inations in duplicate of the HNO3-soluble rnetal content of the
pa rent rnate rial (C horizon).

Plement Sarn le_ 1001 1002 1003 1004 1005




157 2 27 1 4
\1(.) 122 0 25 0 3
-:..•an Mo ppm (140) (1) (26) (1) (4)
( i 580 37 200 68 40
( n 600 38 170 68 39
::.,•an Cu ppm (590) (38) (185) (68) (40)




17 16 13 16 17
Pb 17 14 12 15 16
rocan Pb pprn (17) (15) (13) (16) (17)
Zn 54 3 16 15 30
7r,

n Zn pprn

48


(51)

4


(4)

14


(15)

18

(17)

32


(31)
::. 77 2 14 11 23
'.., 76 2 12 13 24
::.'ari ,:i pprn (77) (2) (13) (12) (24)




25(,0 2 14 7 ls
( (i 23 2 12 7 15
rn,.an Co pprn (24) (2) (13) (7) (15)
V 255 22 97 52 41




235 18 85 46 37
r:.•an V pprn (245) (20) (91) (49) (3'4)
Ag 1.8 0.2 0.6 0.4 0.6
Ag 1.7 0.2 0.7 0.3 0.5
mean Ag pprn (1.8) (0.2) (0.7) (0.4) (0.6)
Mr1 420 30 90 120

323100Mn 380 20 70 120




mean Mn pprn (400) (25) (80) (120) (315)
Ve 18.8 0.3 8.8 1.8 3.0
Fe 19.6 0.3 8.5 1.8 3,0
rnean Fe % (19.2) (0.3) (8.7) (1.8) (3.0)
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Appendix 30. 


Samples of soil, rnoss, organic film, plant and gravel


Oppdrag 1368 Sanddola - Nes2vatna - Gaizervatnet

Depth
um

3 - 9
6 - 8

10 - 15
4 - 9
5 - 10
8 - 10

12 - 14
15 - 17

9 - 11
5 - 10
0 - 3

10 - 15
0 - 3

10 - 15
0 - 9,3

15 20
15 20
10 15
10 15
10 15

	

5 8

	

15 18

	

10 15
10

bekke sed
bekkesed
bekkesed
bekkesed
bekkesed
bekke sed
bekke sed

0 - 2

2 - 10
3035 JORD 15 - 20
3036 JORD 15 - 20
3037 RUST GRUS

Ht•• (H)

3002.

30113')
(}04

300;

300u

1,00',41
3010
-SC 1 11.,
3.012j• 30134„
3014f

3015

-;017
3018
;r11',

i020
“12.1
3022
3023
;024
3025
3 i2,3

3027
3028
3029

;u31

30321
033

)03-

Sample

tvpe

JORD
JORD

JORD
JORD
JORD
JORD
JORD
JORD
JORD

JORD
MOSE

JORD
N1OSE
JORD

ORANSJE
ORGANISKE


FiI.N1

JORD


JORD


JORD

7ORD

JORD

JORD

JORD


JORD

JORD


MoSi.

MOSI.

MOS
MOS I.
MOSP
moSP

MOSI
MOSI
PLA:NTE
JORD

Thiekne ss
eni

12
15
15
15
18
10
14

17
17
20

20

20

20
20

15
15
15

8

20
15
10

343

344
345
346
347
348
349

10
20
20 


Colour

rod sand
rod sand
unde rgrunn
rod jord
undergrunn
brun jord
brun jord
leire
brun jord
undergrunn

brun jord
brun jord
blandet jord
brun jord
brun jord
brun jord
grå-brun sand
grå sand
brun jord

brun jord

rust jord

rust jord

Locality 


Nnbekken
Nnbekken
Nnbekken
Nnbekken
N.ilbekken
N.ilbekken
Nnbekken
N.lbekken
N.ilbekken
Nnbekken
Nnbekken
Nnbekken
N.nbekken
Nålbekken
Nålbekken

Stuttbekken
Stuttbekken
Stuttbekken
Stuttbekkel
Stuttbekken
Nl, s:tpiggen
Nespiggf'n
Nes4piggen
Nus.tpigge1:
Gaizervannet
Gaize rvanr:et

"Gaizervannet
Gaizervannet
Gaizervannet
Rustbekken
Rustbekken
Kobbe rbekken
Kobberbekkun
Kobberbekken
Rustbekken (nord)
Rustbekken (syd)

h s t.TP. p ItS

ks- "

Ft ot ff t",(~ 1 h n" .14
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A endix 31.

Oppdrag
from

List of samples collected in 1974 and 1975


by D.C. Smith and co-workers

Samples Typr Lot:ation
p,•port

1289 4




to surL




I 1257 I - 25 25 Stream Sediment Snertingdal 11. 2.8

1257 26 - 50 25 Stream bank Snertingdal 11.2 9

I 1276 1 - 396 3 6 Strean. sediment Gdizcrvatnet .- ) 2

1276 1001 - 1005 5 Suil G .zer‘ tnet II. i




1289 1 - 282 282 Stream sediment Fremstfjellet 2 . 2

I 128`  283 - 317 35 Stream sediment Kolitjernet - Nesaelva 11 2 2

1289 1001 - 1020 20 Moss ; bank Rettbekken 11.2 .5-

I 1289 1021 - 1040 ZO Soil Amzbetjernet




128(i 2001 - 2015 15 Stream sediment
separated)

Fremst:jeRet Y.2 . G

1289 2016 - 2030 15 Stream sediment
(dry separated)

Fremstljellet fl. , .6

1289


1289

3000

3120_

- 3119

- 3151

119

32

1{ot k


Ro( k

Premstfjell

n

i.t

Kolitieret - Nesaelva

! 


.1




1289 4001 - 4020 20 Ashed samples
(1001 - 1020)

Rettbekken 11.2




1368 1 - 360 360 Stream sediments Sanddzia-Nesåvatna







-Gaizervatnet




1368 1001 - 1268 262 Ruck Fremstfjellet-Gaizervatnet I! 


1368 1271 - 1320 50 Ruck Nes4piggen




1368 3001 - 3037 37 Suil • moss m m SanddzIa - Nes vatna




- Gaizervatnet
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List of Ma s re ared for this ro'ect.

denotes maps not included in this report.

District - hele GRONGFELTET, scale 1:250 000, o dra 1276.

Map nurnber

1276-03 Bekkesedimenter

Oversikt (superseded by map 1276-02)


Oversikt over prøvetatt områder,
oppdrag nummer, årstall, kartblad
nummer.

Som 1276-02 med generell geologi
etter Sverdrup (NGU rapport nr.
1166) (see appendix for symbol list)
og Mo-bekkesedimentanomalier og
frekvensfordelinger.

	

1276-01 * Bekkesedimenter

	

12.76 -02 Bekkesedimenter



^.12

District - FREMSTFJELL-FELTET, scale 1:5000, o dra 1289.

Sample type Map type 


F3ekkesedimenter Cu+Mo anomalier (superseded by
map 1289-27)

12».5,4_021/ Bekkesedimenter CutMo anornalier (superseded by
map 1368-07)

12t-Y)_ 63 hekkesedimenter+soil+rock Prøvenurnmer - /117

12 ti', - 04 hekkesedimenter Mo analysetall

orrtraj

I ) k(! -05 hekkesedirnenter Pb/Zn 'Cu analysetall

hekkesediTnenter NiXo./Ag analysetall

12.,..(4-07 hekkesedirLenter V/Mn/Fe analysetall

1:,,,4-0s hekkesedimenter Mo symboler

i L.-,,, _ +J(4 Rekkese(Umenter Cu symboler

12>Yi- 10 P,ekkesedimenter Pb symboler

12,- 11 133•kkesedit:.enter Zn symboler

12HH-12 hekkese(;menter Ni syrnboler

12?-5()-13 hekkesedimenter Co symboler

12,-r9--14 h+kkesedimenter V symboler

12,3(-15 hek ke sedi mente r Ag symboler

121"+- 16 I;ekkesedimenter Mn syrnboler

12+(,-17 l3ek1Kesedimenter Fe symboler

hekkesedh::enter Mo syrnboler in adjacent districts

1 ' -,  -1(4. 1),kkesedin.enter 4) Cu symboler in adjacent distri( ts

Ii0kk0sedirni.nt0r liS Pb syrnboler in adjacent distrh ts

l'?-sri-ilt hekkesudimenter 4 Zn symboler in adjacent distrik ts

12/i9-22.* hekkesedimenter 6' Ni symboler in adjacent distri( ts

12i,9-236 hekkesedimenter + sail Prøvesteder ved Gaizervatnet 1:20 000

12`39 -21 Bekkesedimenter Glødetap analysetall

12S9-25 hekkesedimenter Glødetap symboler • bekkeurden

12 -26 bekkesedimenter Prøvenumtner -cp ,,,,  

12 -49_27 Hekke seilimente r Cu-Mo kryss

1-5H-2''s Rukkesedimente r Cu+Mo kryss +rnutingsumrHer 1-1-76

	

12rs9-29 Rekkesedimenter Mn+Fe kryss uten grunnlag

	

1289-30 hekkesedimenter Mn+Fe kryss med grunnlag

	

128c+-31 Bekkesedimenter Mn+Fe kryss med 2 frekvensfordelinger

	

12ri9-32 13ekkesedina.nter Cu+Mo+Mn+Fe med Z frekvenstordelinger

	

12*,- 33 Hek'Kesedin.enter Cu+Mo+Mn+Fe med 4 frekvenstordelinger

	

:-R!`f 34 Ser-Aart / --ford • 41-9JerQ Prcpvtnyrr,e, - oppdrnj 13”
these maps are available in NGU report nr. 1289; 2.

Map number

1289 - 0111



District - SANDDØLA-NESÅVATNA,

Map number Sample type

scale 1:20 000, o dra 1368.

Map type

1368-01 Bekkesedimenter Prøvenummer

1368-02 Bekkesedimenter Mo analysetall

1368-03 Bekke sedirnenter Cu analysetall

1368-04 Bekke sedimenter Mo symboler

1368-05 Bekke sedimenter Cu symboler

1368-06 Bekkesedimenter Mo symboler

1368-07 Bekkesedimenter Cu+Mo kryss

1368-08 Bekkesedimenter Cu+Mo kryss f4
1368-09 Bergart Generell geologi

1368-10 Bekke sedimenter Høyde over havet av prøvestedet

1368 -11 . Terct Mose Prøve rivnim
jcs -12 Ber-aar,& Prøvertvrnmer-

includes Srnith's mutingsforslag of 20-11-75

includes Haugen's 61 mutingsområder of 1-1-76

assembled from Gale's report NGU nr. 1293.

Map number

District - ANDORSJØEN, scale 1:50 000.




1546 BEKK 1823 I Ag tall

1546 BEKK 1823 I - Co tall

1546 - BEKK 1823 I - Gu tall

1546 BEKK - 1823 I - Fe tall

1546 BEKK - 1823 I Mn tall

1546 BEKK 1823 I - Mo tall

1546 BEKK 1823 I Ni tall

1546 BEKK 1823 I Pb tall

1546 - BEKK 1823 I V tall

1546 - BEKK 1823 I Zn tall



frnt

District - NAMSSKOGAN,

Map number

scale 1:50

1824 II

1824 II

1824 II

1824 II

1824 II

1824 II

1824 II

1824 II

1824 II

1824 II

000.

- Ag

- Co

Cu

Fe

Mn

- Mo

Ni

- Pb

V

Zn

tall

tall

tall

tall

tall

tall

tall

tall

tall

tall

1546

1546

1546

1546

1546

1546

1546

1546

1546

1546

BEKK

-- BEKK

-BEKK

-BEKK

-BEKK

-- BEKK

-- BEKK

-BEKK

-BEKK

-BEKK




District - hele GRONGFELTET

Map number

, scale 1: 50 000.




1546 BEKK 1823 IV Prøvenummer ANDORSJØEN

• 1546 BEKK 1824 I - Prøvenummer BRE KKVASSE LV




1546 BEKK 1823 IV - Prøvenummer GRONG




1546 BEKK 1824 III - Prøvenumrner HARRAN




1546 BEKK 1924 I - Prøvenummer HUDDINGSVATNET




1546 BEKK 1924 II Prøvenummer LIMINGEN




1546 BEKK 1923 I Prøvenummer MURUSJØEN




1546 BEKK 1824 II - Prøvenummer NAMSSKOGAN




1546 BEKK 1923 IV Prøvenummer NORDLI




1546 BEKK 1924 IV Prøvenummer RØYRVIK




1546 BEKK 1924 III Prøvenummer TUNNSJØEN

•



ms-•

District - RØYRVIK, scale 1:50 000, o dra 1573.

Map number Sample type Map type

1573-01 Bekkesedimenter Cu prøvetatt fra bil (A og B prøver)

1573- 02 Bekkesedimenter Cu prøvetatt på fjellet hver 250 m.

1573-03 Bekkesedimenter Cu prøvetatt på fjellet pluss A-prøver fra bil.

1573-04 Bekkesedirnenter Cu i utplukket prøve fra fjellprøvetaking,
men som kunne ha vært prøvetatt fra full-
stendig bil-og båt prøvetaking.

District - SANDDØLA-NESÅVATNA, scale 1:50 000, o dra 1573.

Map number Sample type Map type

1573-05 Bekkesedimenter Ag symboler

1573-06 Bekkesedimenter. Co symboler

1573-07 Bekkesedimenter Cu symboler

1573-08 Bekke sedimenter Fe symboler

1573-09 Bekkesedimente r Mn symboler

1573-10 Bekkesedimenter Mo symboler

1573-11 Bekke sedimente r Ni symboler

1573-12 Bekkesedimenter Pb symboler

1573-13 Bekkesedimenter V symboler

1573-14 Bekke sedime nte r Zn symboler

•

•



2.

Introduction.

This report describes the production of regional geochemical maps of
Grongfeltet (Part I) and provides a compilation of data on the follow-up
geochemical exploration for Mo and Cu in the Sanddøla-Nesåvatna area
in southern Grongfeltet (Part IO.

Part I records work carried out by NGU personnel way back to 1964 whilst
Part II records the work of the field projects in 1974 and 1975 variously
known as the "Langtjern Project", "Trondhjemite Project" or "Molybdenum
Project".

Most of the author's time and effort has been utilised for Part I in organising
the stream sediment field and analytical data from Grongfeltet and in e stab-
lishing a streamlined production system. This has resulted in the publication
of the first 11 1:50 000 regional strearn sediment geochemical maps of Grong-
feltet, completion of 49 others ready for immediate publication) and com-
mencement of several more.

 

The remaining time available has been expended on Part II in field work and
in selecting stream sediment, soil, moss and bedrock samples for chemical
analysis, and controlling and guiding the data through to the stage of data
plotting. The field work and chemical analytical programmes are complete,
and the map plotting programme is essentially complete. The required
polished and thin sections of the rock sarnples have been manufactured

"tkough detailed petrographic studies have not been made. Some inter-
pretation of the data has been presented previously in reports 1289/1 in
1974, 1289/2 in 1975, 1289/3 in 1976.,in diverse notes and proposals (see
appendix 1) and sorneis presented here in this final report 1289/4 of 1977.

It has not proved possible, unfortunately, to carry out as much interpetative
work for Part II as was hoped. However, this hurried compilation records
or references all the necessary raw data for an integration of the geochemical
surveys with geological and geophysical surveys. Furthermore the geo-
chemical data provided here is considerably in excess of that specified in the
budget arrangement for the 1975 field project (cornpare appendix 2 with
tables 6 - 13).

C
David C. Smith

Geochemist


30 April 1977



TRONDHJEMITE-PROJECT 1975

DICTAILED PLAN FOR GEOLOGICAL FIELD WORK.

YPE OE WORK

1 Pro±pet ting.

a) Seart h for new mineralization, esnecialL in the vicinity ut known
stream sedirnent anomalies, p.incralization and prospects.

bl Carry out local detailed structural mappir.g of a11
tound.

rnast and trench the most interesting mineralized outcrops.

Take selected samples for thin section studies and for trace
element chemical analvsis of mineralized and relevant
unmineralized rock.

Outline geological manoing using 1:10000 air -iliotographs.

Locate the souttreastern margin of the Sanddøla trondhjemite
and the contacts of inclusions within the main trondhjernite
and of trondhjemite intrusions without.

Identify ditterent rock types within the trondhjernitc and attempt
to rnap different units.

..\;,:pine some dist ricts recently mapped bv NGL: in order to tr
to standardise and courdinate all rebent mapping in the area.

Take selected samples ior thin section studies and tor major
element chemieal analysis of the principal rock types.

Adaitional geological  work.

Make reconnaissarbe excursions beyond the area selected to aid
regional interpretation.

Take composite rock samples or dust samples at each mutings -
;Fmkt for trace elemeat chernical analysis.

No!e oriorities.

lieb. wo-k has to be curtailed for any reason then la, lb and 1d should
be rearded as the first priority; Za, Zc and Zci as the second priority
and eNervthing else as lower priority.



Area to be  examined.

The area to be exarnined is selected as that covered by the air photographs:

1107 - 1109 1309 - 1315
1207 - 1215 1415 - 1417

of series V65 357 Nor flyveselskap, 1:20 000

This area co.0 rs:

buth the Frernstijellet - Nesapiggen and the Gaizervann mutingsomr r

and the isolated øvre Nesåvannet mutingsområdet,

the entire swith-eastern contact of the Sandd.)la Trondhjemite (according
tu Foslie) from Midtre Nesåvannet to Kolitjernet,

sc.rne inclusions within the trondhjernite and some trondhjernitic
intrusions without,

almust all of the stream sediments with high concentrations of Mo, Gu.
Pb ur Zn.

About half of this area has already been rnapped on a scale of 1:20 000 by
NGU. Also about half of this area has been surveyed by regional strearn
sediment sampling.

Lo4istics.

li all goes well with the use of a plane to fly in field equipment and :00(1
thena base i amp will be set up on the eastern side of Skarfjellsvannet
on Monday 14 .Tuly and the first field tour can commence (ca. 14 - 27
July). The se( ond and probably final field tour (ca. 28 July - 10 August)
will i» partly operated from a camp in the Gaizervannet district and partly
frorn the Skartjellsvannet camp.

A car based at 13erg gard can be used for acquiring fresh food between the
tours. fl is hoped that the field equipment and rock samples can be flown
o'Jt on about 10 August.

Allocation of areas of responsibility. 


During the first field tour Srnith should concentrate on the photograph areas

1107 - 1109 Kolitjernet, Fremsttje rnet, Skarfjellsvannet
1207 - 1209 Fremstfjellet
1308 (part of) Skarfjellet

whilst Tan should concentrate on the photograph areas

	

1212 - 1215 Piggvannet, Nesapiggen, Øvre Nesåvannet

	

1310 - 1311 Langlofttjellet, Langloftvannet

During the second field tour Tan should concentrate initially on the photograph
a reas

	

1314 - 1315 øvre Nesåvannet, Vest Gaizervannet

whilst Smith should concentrate initially on the photograph areas
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1415 - 1417 Øst Gaizervannet

When back at the Skarfjellsvannet base carnp both Smith and Tan can
complete unfinished work in the central or western areas, can examine
outcrops within each other's area and perhaps supervise some blasting.
If possible Smith should make some reconnaissance excursions into the
centre of the Sanddøla trondhjemite whilst Tan can look over the area of
Zn and Pb anomalies around Langløftfjellet.
A list of concentration districts (districts with several samples having
concentrations greater than the median + 1 standard deviation for any
element) and their allocation is appended below.

Subsequent laborator work and re ort writin .

The following sequence of events is proposed:

choose samples for thin section manufacture, and
chemical analysis for major and minor analyses (DCS + THT).

draw a new 1:20 000 base map (J E).

draw in the new mapping in the central area (THT) and the south-
western and north-eastern areas (DCS) and the relevant parts already
mapped by NGU (perhaps modified by DCS and THT).

final production of a new 1:20 000 geological map of the project area
(J E).

write separate draft reports on results and interpretation for the
separate areas (DCS + THT), including the bedrock studies of 1.97 t (DCS).

criticise each others reports and then rewrite maintaining
responsibility (DCS + THT).

write an introduction to the project report (DCS).

write an assessment of mineral potential in the area and make recommen-
dations for future exploration and for releasing, holding or extending the
mutingsområdet (DCS + THT; separately if not in agreement).

final production of the report on Trondhjemite Project 1975 set out
as follows:

Text - Introduction
Results and Interpretation : the south-western and north-eastern areas
Results and Interpretation : the central area
Assessment and Recommendations
Appendices - Petrographic data
Chemical Analyses of Bedrock
Geological Map

Trondheim, 10 July 1975

David Smith
project-leader
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LIST OF CONCENTRATION DISTRICTS

(on the combined 1:50000 Namsskogan + Andorsjøen map)

Number Narne Element riorit Allocation

1 øst Finbuvatnet Zn, Cu, Mo, Pb




2 Vest Kolitjernet Zn, Cu, Pb Smith

3 Sydøst Fremsttjernet Zn, Pb




4 Øst Frernsttjernet Mo, Pb, Zn, Cu




5 Øst Frernstfjellet Mo, Cu, Pb, Zn




6 Vest Fremstfjellet Cu, Mo, Pb, Zn




7 Syd Skarfjellet Cu, Zn, Mo, Pb




8 Øst Korttjernet Mo, Pb, Zn It

9 Sydvest Langløftfjellet Zn, Pb, Cu Tan

10 Sydøst Langløftfjellet Zn, Pb, Cu




11 Øst Skarfjellet Mo, Cu, Zn




12 Syd Piggvannet Cu, Mo, Pb, Zn II

13 Nordøst Piggvannet Mo, Pb




14 Vest Nesåpiggen Cu, Pb




15 Vest Øvre Nesåvannet Cu, Zn, Pb




16 Syd Øvre Nesåvannet Cu, Pb




17 Øst Nesåpiggen Pb, Zn




18 Sydø st Ne såpig gen Cu, Pb, Zn




19 Vest Blåmuren Mo, Cu, Pb Sniith

20 Nord Blåmuren Cu, Pb, Zn




21 Nordøst Gaizervannet Cu, Pb, Zn, Mo




22 Nord Gaizervannet Pb, Zn Smith or Tan



TRONDHJEMITT-PROSJEKTET

1271 (3) Grønn-lysegrønn, hard, tett, finkurnet. Felsp (ab?),
kloritt. Grønnstein.. Breksiert og mineralisert
med py, litt mt(?). Rust på overflaten.

1272 (§)

1273A (6) Mørkegrønn, tett, finkronet. Amfibol, felsp.,
kloritt. Grønnstien. "Stringerg" av pyt po.
Rustet.

127313 (6) Finkurnet, grønn-Xlmmgrmax, seigt massiv. Klo-
ritt og albitt?. Grønrstein. Mye py, kanskje po,
også mt i oktaedre.

1273C (6) Grå, tett, finkornet, meget svak lagning.
Kvartsitt? Fint.impregn. med py.

1274 (7) Lysegrå, massiv, middels- til grovkornet.
Felspat (L-felsp. + plag), amfibolrelikter?,
Trondh'emitt.

1275 (9) Svartt tett, finkuunet med sprekker og stikk
fylt av epidot. Brun forvitringsflate. Mistanke-
om ultrhbasitt.

1276A 11) Grønn, tett, finkorn66. Albitt og kloritt.
Grønnstein. Fint impr. med po?

127613 11) Grønn, tett, finkornet. Albitt, kloritt, meget
lite amfibol. Grønnstein.

1276C 11) Lys, flekket, Felspatt amfibol. Trondh'emitt,
eller dioritt.

1276D 11) Grønnlig. Hvit feldsp. 509 og grønnlig amfi-
bol 50%. Grov, middelskornet. Hornbl. doritt

1276E 11)

1277 17) Lysegrå, grov- middelskornit. Pelsp. og horn-
blende. Dioritt. Noe po.

1278 17)Mørk, svart, grovkornet. Hornblende, litt kvarts ?
Hornblenditt.

1279 17) Hvitt med svarte flekker. Feldsp. (plag. +
K-feldsp.) 5.%, hornbl• 50%. Dioritt eller
hornbl.-trondh'emitt.

1280 19) Lys-hvit. Feldsp. Trondh'emitt.



1281 20) Ly , middelskornet. Feldsp. (K-feldsp. + plag.),
kvarts, amfibol. Trondh'emitt.

1282

1283A 21) Grønn- lysegrønn, skifrig, tett, finkornet.
kloritt, litt amfibol. Grønnstein/-skifer.
Litt py.

1824 22) Sterkt skifrig, grønnlig, kanskje porfyroklastidk.
Tektonisert trondh emitt.

1285 22) Grå, massiv, grovkornet.
Trondh•emitt. '

1286A 23) Grå-greintlig, grov-middelskornet, massiv,.
Gronnlig feldsp (saussurittisert plag.?) og rosa
feldsp (K-feldsp.), kvarts, kloritt. Trondh'emitt,

1286B 23) Lys, grovk., Feldsp. (plag.og R-feldsp.), kvans
hornbl. Trondh'emitt

12860 23)Lys, grønnlig, flere glideplaner.
fliddelsk. Trondh'emitt tektonisert og serisit-
tisert.

1286L 23) Grønnlig, massiv. P agioklas (grønnlig, saussu-
ritisert plag.?), kloritt. Trondh emitt.

1287 23) Grønn, skifrig, finkornct. Kloritt, feldspat?,
Grønnskifer. Rustet, men ingen mineralisering å se.

12 88


1289

1290 24) Lys, middelskornet, massiv. kvarts,
meget lite amfibol. Trondh'emitt.

1291 24) Lys - lysegrønn, tildels meget grovkornet.
Kvarts, feldsp., kloritt og/eller epidot.
Bgt.-type usikker. py.

1292A 24) 'flørkegrønn,skifrig. Eloritt, feldsp.-porfyro-
klaster (eller -klaster?). Grønnskifer.

1292X 24) Lysegrønn, skifrig, Myletittisk:-My1onittisert-
trondhjeMitt. ,nlye.se~sit: •

1293A 2;)G i"ønneslySegrønni-maøsiV,.._tett.og finkOrmet, hard.
Sanns. kvarts og feldspat (grønnlig). Finkronet
Trondhjemittæ.Py- mineralisering. Rust på overfl.



1293E 25) 2 deler: 1) Hvit, finkornet, tett„ Kvarts og
K-feldsp.? Aplitt? 2) Lysegrønn, tett, middeels-
til finkornet. Sauasurtttisert plagioklas? Fin-
kornet trondh'emitt,

1294 26) Grafittskifer, litt rustet.

1295 28) Mørk, middels- til grovkornet, skifrig. Feldsp.,
hornblende. Hornblende eiss, Litt py. Rustet.

1296A 29)

1296B 29) Grønn, grovkornet (opp til 3/4 cm), Amfibol
(uralittisert pyroksen?), finkornet feldspat.
Metagabbro?

1297 30) ::ørkegrønn. :loritt. Grønnskifer. mineralisert
med py og mt. Sterk rustet på overflaten.

1298A 31) Lys, grønnlig, middelskornet. Kvarts, feldsp.
(plagiokl., noe saussurittisert), kloritt og
epidot (litet. Trondh'emitt.

129813 31) Lys, middelskornet, Kvarts, feldsp., noe
kloritt. Trondh'emitt.

1299 32) Lys, sv. grønnlig, middels til grovkornet.
hvarts, p ak. og h-feldsp., kloritt.
Trondh'emitt.

1300 33) Hvit, tett, finkornet. Evarts, epidot i sprekker
og stikk. Arkosisk kvartsitt?

1301 33) Lysegrønn, tett, finkornet. Lloritt og/eller
epidot,,albitt?. Grønastein. Litt po eller py
i sprekker.

1302 33)

1303 33) Lysegroønn, flintaktig, finkornet, Sannsynlig-
vis feldpp. og epidot. Lergartstype usikker.

1304 33) Lysegrønn, tett, finkornet. Feldspatrik? hera-
tofyr? Svakt mineralisert med py eller po.

1305 33) Helt identist med nr. 1300,

1306 39) Grå, middelskornet. Kvarts, feldspat, kloritt.
Bergartstype usikker. Mineralisert med cp, py
og kanskje litt mt.

1307A 40) Grå - grønnlig, mørk med hvite flekker, middels-
kornet. Hornblende og feldspat i like store
mengder. F -rik hornblenditt eller hbl-dioritt?



1307B 4o) Grå, finkornet. hvarts og feldsp., hornblende
kloritt?. Eergartstype usikker.

1308 4o) Lysegrønn med mørke flekker. :algioklas (saus—
surittisert) og hornblende (uralittisert pyroksenk)
Metagabbro?

1309 40) Lys, middelskornet. leldspat, kvarts. Trondh'emitt.

1310 45) Lyst grønnlig, litt skifrig. Feldspat, kvarts,
serissitt. Tréndh'emitt. litt py.

1311 47)

1312 47)

1312 47)

1313 47)

1314 47)

1315 47)

1320 41,4 rincb-r _ vAmk.44.441h,
j

bN„kkW(g..,*,),,u„,,,,JS-u-m-k. (No2f)
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