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Abstract - The aim of this report is to atablish areas showing potatial for skifer quarrying, idatify geological factors that may be assigned to

horizons of workable skifer, and to investigate the mining quanying and processing of slateskifer in Great Britain in an attempt to suggest

modanization ofthe curratly anployed methods 4 Voss Cananvarefabrikk bi addition to the surveys made in new areas, aman operations such

as Men, Vetlehagen and Norheim-Kyte were surveyed in order to assess their economic potatial.

lhenew reserves idertified by the author Bjorkhagat, Skjotebane Istad, and those at or near the Mon-Vetlehagen operations have will

be idatified as where developman could arise Erom these preliminary surveys.

Voss Skiferbrudie AS and the anglomerate skifer workers sean to be in somewhat of a dilana. as far as the future of skifer production

in Voss is concaned namely Si the method of cdraction and processing Techniques have not changed for over a century as was the mse in the British

operations at Pauytm and Delabole tnt subsequan rationalisation involving initial expenditure of significant capitol resulted in oanipetative large

scale slataskifa opaations. The author feels that a smatler, yes similar rationalisatim of operations could anure an industrious finure for the Voss

skifer quanies 'Ihe Vess Skifabrudde AJS factory at Nodienn-Kyte could be used as a model for all fiture processing of skifer wid) similar factorys

beng anstnicted at Men and Istad or at a catral poirt recieving sawn blocks from several quanies. abondoning the traditional single man operations

sem today, ready to bein a fashion not dissimilar to that at the British Delabole operatien, thus reducing the percentage recova-y of skifer ti les

from blocks, therefore increasing production per tame extraaed.

ilie inportanee of modenisation/ratienalisation is furthesmore in evidance in the subject of available skilled workas, partiallarly in the

fidure, whae it is unlikely that the quarries will sm a yamg workforce replacing the ainera workforce.Automation as has been suggested would

reamethe nmnber ofmat needed in the eanctico and initial splitting of skifer blocks to manageable sizes (but not drasticly!). k is noted that some

workers produce skifer only as a part-time source of income.

lhe subject of miram er atanyngthe skifer deposits as discussed later resuhs in the conclusion that it will be more economical to quarry

skiffer Man mine it. This has inportant inplications for operatims such as Mon with a relativety high stripping ratio which the author believes has

a limited down-skpe workng life, as opposed to potential operation such as laad, Bjorkdiagat etc - areas of low stripping ratios and near horinantal

trata. It niust be appreciated that the fieldwork canied out in the stunmer of 1995 by the author catral significantly on the Mon-Vetlehagen quarries

in order to estabhsh the potatial reserves betwom than, to (although purdy acadante) to discover the fonnational processes involved and to

establish a frarneweek for fitmeaudies by idatifying the structural amtrols of workeable rocks - see previous chapters. Thus thae is much potential

for intamive additional studies at the suggested reserve areas, including the possibility of introducing diamond drilling on a large gid to establish

the workability of skifer. Diamond drilling if done, must involve the production of large diameta samples for geological analysis and basic

geotechnical entaseering ( 0.15 m diarneter sanples). Again, the author hopes that Voss Cernatvarefabrikk finds this report useful, or at the worst

more useful that previous reports, and also the hope that the University of Wales, Cardiff can maintain a heakhy relationship with the oompany for

future student resench.
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Introduction

The slate industry has recieved a boost in recent years due to an increased interest in

natural stone for achitectural purposes, leadin2 to a niche market developin2 in higher priced

prestige properties There has also been some rationalisation in the face of competition from

cheaper imports, together with increased mechanisation and improved productivity in most

countries The Norweigan slate/skifermarket with its quartzite and phylliteschists is on the up,

with the resultof the re-operiingof old quarries It is this rationalisationthat has led to the author

to become involved in the Norweigan slate industry, namely Voss CementvarefabrikkLit a

cooperativefor independantquany workers,throughthe Bergen based Comett Student exchange

programme, for the summer of 1995

The skifer quarries lie at Norheim-Kyte.

Mon, and Vetlehagenjust outsidethe town of

Voss in south-west Norway The areas are

briefly described on the Geological Map of

Voss (NGli report No 1316-11). The skifer
tv; '

horizons belong to the Voss Nappe complex 1:r••11.rnio und

-

S:thei‘ta- 0, -

a
• •ItReMerof Precambrian- Cambrianrocks, part of the

Caledonian overthrust orogenic belt and lie

within the Upper BergsdalenNappe

The intention of the placement is to produce
Fig I Location Voss in southernNorway

detailed surveysof the quarries to determine

a system in the occurence of economic and non-economic skifer. Quarrymen have found that

some horizons contain veins of quartz, and other geological phenomena that make the stone

unsuitable for industrial applications A thorou2h survey should enable the quarrymento know

at all times which horizon they are working, and thus the quality of the schists that they are

workin2 Apartfromthesecurentlyactiveoperations, the author intends to investigatenew areas

of potential skifer reserves, some being previouslyworked quarries - althou2h on a very small

scale

Evaluation of these reserves will lead to the subject of rationalisation of the quarrying and

processing methods currently employed, involvin2 comparisons with British operations in an

attempt to introduce new practices.

Voss
aIh

,11E.QU•nu
kner

.WCXsi t alL.d nd ,

535 Dornag Klmlersley MallImedh
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The Studv Area

The Caledonides of southwest Norway were built upon the Precambrian
Baltoscandinavian Shield(basement), of which only the western part (Western Gneiss Rezion)
was significantlyinvolvedin CaJedoniandeformation. An Upper Proterozoic to lower Paleozoic
sedimentarycover (phylliteand quart-schist) to this basement acted as the principledecolement
duringCaledoniancollosion,abovewhichthe largeJotun and Ryfylkenappe complexesand other
units of the Middle Allochthonwere emplaced The BergsdalenNappes are sheets of detached
Precarnbrian basement (Proterozoic quartzite, quartzite schist, mica-schist, metadacite,
metarhyolite,granite,monzonite,gabbroetc) that were tectonicallyincorporated with the mostly
phylliticlipper Proterozoicto lowerPaleozoicMetasediments.The BergsdalenNappes form two
major tectonic units, the Lower Bergsdalen Nappe (LBN) and the Upper Bergsdalen Nappe
(UBN),whichare separatedby an almostcontinuouszone of phyllite.The lensoid allochthonous
sedirnentary and crystalline Precarnbrian rocks are also internal discontinuities of tectonic
character which have been interpretated as thrusts, but these appear to be associated with
relatively small displacements The Bergsdalen Nappes are bounded to the southeast by the
extensionalHardangerfiord Shear Zone, to the southwest by the partly ophiolite and island arc-
relatedrocks of the Hardangerord Group and the Bergen Arc System, and to the north by the
WesternGneissRegion To the northeastthe Nappes taper out in the phyllitesbeneath the Jotun
Nappe.The UpperandLower BergsdalenNappes are composed of very similarlithologies,and
also seem to have a common Precambrian history, detailed petrographic descriptions of the
various lithologies are in part covered in this report, but are also given in Kvale (1946),Gray
(1978) and Ragnhildstveit (1987). It is noted from these that the most obvious lithological
differencebetween the UBN and the LBN is that there are more quartz-mica schists and less
quartziteinthe UBN, and it is the quartz-mica schistsof the Kvitnos Group of the middlethrust
sheetof the UBN that the studyarea is located The Ordovician-Silurianthrusting caused intense
deformationandmylonitization,particularlywithin and near the decollementzone, and resulted
in Southeast directed nappe diaplacements of several hundred kilometers The strains and
displacements involved in the thrusting are great, but in general, the thin-skinneddeformation
patternin the study area is relativelysimple For our purpose the thrusting event will be refered
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Thrusting Vii movement

— —
— Caledonian nappes

— — — i

(a) (b)

Fig 3 Schematre dlustrauon of the tectome events m the sruct. area The shear zone shows an mternal layenng
mitialiv inehned to the boundanes as shown m (a) Is hkely to result in the development of symmetne folds wIth a
vergenee corresponding to the sease of shear (b) Sehemata dlustration of a vemeal NW - SE seemon through the
decollement zone dunng (a) thrustmg (D,) and (b) baek mos ement The planar fabne and htholopeal layenng
in the decollement zone The onentation of the meremental stram ethpse is shown m (13;

to as D. although the deformation structures seen locally may suggest a polyphasal deformational

history Such a historv can be attributed to a Devonian deformational phase (D:), a top to the5

north-west back movement of the Caledonian nappes and stretching of the basementThe D. phase

is recogMzed amongst the duplex system of our study area of the UBN, and elsewhere by clear

cut W to NW verging structures that overprint southeast vergine structures related to thrusting

Both events involved extensive synkinematic recrystallization under middle to uppermost

greenschist facies conditions, and their heteroueneous nature has resulted in areas of low D: and

high D, strains amongst the quarried skifer horizons, and of course vice versa Both events

produced lineations, hence the present lineation pattern is a combination of lineations formed

during DI and D:, viith the D, fabric being the strongest Thus DI lineations are best observed in

areas of weak or no D. reworking, the economic zones within the study area, but they can be seen

in any part of the mylonitic and phyllitic zones of the Berizsdalen Nappes and can be traced in

many places into the overlying Jotun Nappe Complex
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Quarn Litholo ies

Quarlz-Schist Horizons - Kvitnos Group, Middle Thrust Sheet of the UBN.

Quart-mica Schist - Skifer horizons

Texture - Medium to coarse grained with a poorly developed schistosity usually developed,

causing the rock to cleave into slabs.

Structure - usually foliated a result of the original isoclinal folding that is so important in the

forrnation of the quartz-schists

Mineralogy - Quartz is a major component together with feldspar. Micas, both muscovite and

biotite usuallyoccur and tend to concentrate into particular layers.

Fteld Relauons - Grades with increasingquartz into quartz.ite,and by a decrease in quartz into

schist and pyllite Represents a metamorphosedgrit and sandstone which originallycontained

a highproportionof feldsparand mica.Occurswith other metamorphosedrocks such as quartzite

and schists-mylonites.

Mylonite - Mylonitized quartz-mica-schists

Colour - Usuallygrey to dark green

Texture - Fine to mediumgrained with a well developed schistocity

Structure- Smallscalecorrugations may occur, sometimes as alternate mica-rich and mica-poor

layers that followthe axial planar cleavage

Field Relations- Mylonitescanrepresenta mediumto moderategradeof metamorphismand tend

to be associated herewithphyllitesand quartz-mica-schistsas they grade continuouslyfrom the

two.

Colour - Usually grey to dark grey

Texture - Fine to mediumgrainedwith a well developed schistocity.

Structure- Smallscalecorrugationsmay occur: sometimes see alternate mica rich and mica poor

layers that followthe axialplanar cleavage

The Phyllites - Parauthonous rocks of assumed Cambrian and partly Precambrian rocks

Interpretatedas an overthrustPrecambrianLower Tectonic Unit of the Upper BergsdalenNappe

Intercalated with the Bergsdalen Nappes are dark hard phyllites and mica schists which have

experiencedinternse deformationand have lost all primary structures, they form envelopes

6



around the thin lensoid quartz mica schists and quartzites of the UBN and are considered to be,
at least partly,Lower Paleozoic in age, and to be part of the continuous belt of strongly sheared
phyllitic rocks that underlie all Caledoniannappes in south-western Norway. These rocks vary
from dark-grayishphylliteswith multiple cleavage to dark mica schists, both with rnilkywhite
quartz veins and lenses. In places more calcareous or quartzitic layers are found within the
phyllites, and may reflect a primary lithologicalstratification.Phyllies/micaschists also act as a
lubricating medium in internal imbrication decollement ramping up thrusts in the quartz-mica
schists of the study area.

Texture - Fine to mediumgrained with a well developed schistocityby the parallelalignmentof
flaky mineralsenablingthe rock to be split into weak fissilelayers

Colour - Dark gray to black, quartz pods/lenses are milkywhite

Structure - Minor folds and corrugations are often present

Mineralogy - Chloriteand/ormuscoviteare essentialconstituents, and give to their phyllitestheir
dark gray-greenishcolour

Field Relations - Phyllites are produced from pellitic rocks under conditions of low-grade
metamorphism,usuallygrading into mica schists-mylonites.

7



Yoss Cementvarerabrikk LJL

Voss Cernentvarefabrikk LI was established in 1956 and is now an operation with a

worldbrce of 30 The companv consists of three operations, Gudvangen Stein AS - an anorthosite

mining operation. Voss Skifferbrud AS - a schist quarrying operation. and a glacial gravel and

sand quarry There are i independem quarry workers based at three operations in the Voss area,

Mom Velehagen and Norheim-Kyte. these have contracts with Voss Cementvarefabrikk to supply

the finished product as required Voss Skifferbrud is based at the Norheim-Kyte quarry. and has

two workers - working oniv ‘vith the skiffer. with plans to increase this to four. and twenty in the

cooperative This expansion depends upon the potential of finding new reserves, new end uses,

and ultimately new domestic and foreign markets Present foreign markets include long-term

contracts to Switzerland for nregular roofing and precut tiles to Japan

Fig 4. Gudvangen Stem A,S - the anorthosite mininu division of Voss Cemennurefabrikk L L

Finishei or•ducts include rochangiiies. ;Fie.gula:matehai for paving and sak\n material for imerier


surfaces e. firepiaces and iemestic worktot;s Production has traditionaliv by hand as it is racv..

whh a Viev, to e\pans:on. aiterria:ive methoois of extractien and processimz are new

sought, this being the subiec: of the Case studies of British operations chapter

Commercial skiffer production began in the area in the 1SOO's.with small quarries located



throuhout the Voss area The Norheim-1:\ze operation peaked in the 1920s when 250 men were

emploved the quarry extendinu for 1250 m in a NW-SE directiom with almost horizontal strata

In 1980 ahnost -5 m of roek had been removed Averade annual production is approximatley 5e0

m3.about 35 to 40° oof the skiffer is lost durind extraction. with further losses durind processind

Thus approximatelv 780nY is actuallv earacted At eurrent production rates it would take one

year to extract a lm deep.50m wide block of a full 15m hiuh skiffer horizon

5 Vuss Quart2s,5hist - Skiffe5

The Mon quarrv beuan produefion about 1800. and no extends 110m in a YYW-SSE direction.

with strata dippinu at approximatley 32' The operation az Vetlehauen extends 100 m in the same

direetion as the Mon quarry. but has only been worked over the last few vears There are several

disused workinus in the immediate area that were abandoned at the onse: of World War 11.onlv

a fe.•. of these beinu rev,orked in the mid lc,5Os doe to a laek of labeur and aliernative

emplevrnent The Mon anano: and areas norh of :he Venehauen quarrv were bnefiy mined tbr

a period. with a down dip ex-tension ef ne more than 5m the operanons were onee auain

aoonocned

C " hCa:

biocks that are taken to the spiininu area for spinind by hand



MATERIALDATA(PAIDDELVERDIER):

i Eloyeek- - Efitasje- Varmeutv Vann- r
i fasthet tall koerf (0-110t) absorusjon ,

N mr& , mm 2000 orn 10-• 'C- % vekt '

3.2 10.7 0.13

Table I. Physicalproperties of Voss Quartz-schist

Blastingof blocksfrom workingface

-1111- 4011-

Unmanageableblocks broken down ' 30% loss throughblasting '
' irregularshaped blocks I.5m x 2m Waste material

fl

Irregular blocks taken to splitting
: area by Cat 245

fl

Blocks split to slabs of 50-60mm
thickness.

Slab split to thichess of 8-10mm
cleavage spacingdependent

Slabs thatdo not possess
cleavageto be split again
may be used for paving or
interiordomesticsurfaces

30% loss throughpoor splitting and
' irregular shape of block

fl
fl

Sheet reduced to approximatesize of chosen tile size

fl -11111'

Sheetcut alongoutlineof template
on hand drivenAlta Mekaniske
Verkstedtile cutter

10% lossthrough poorjudgement
during sheet sizing

Fig 6. Flow diagramof currentextractionand processingmethods

• Egenvekt Trykkfaeth
KN m' N mm2

27.2 302.5 35.0
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Biocks are split to slabs of thickness of 50 to 60 rmn then further spht to the required thickness

of the tile - most are 10 mm

Slabs are then carefullv reduced

to the approximare size of the

required tile, then cut usim2 a

simple hand driven cutter. which

also produces the chamfered

edue Lineations seen in the

surface of the slabs are smalt

fractures caused bv discontinuous

lavers of micaceous minerals

within the skiffer if riies are cut

with the fracture running accross

the tile then this cause

leakage of rain water throuuh the

tiie

Voss skiter is a light. fine g.rained

quarz-schist. or quartz-sericite

schist as it comains the light verv

tine 2rained variety of muscovite

known as seriete Other minerlas

include Kfeldspar and albite

Fig Traditionalmethodof produdmgtiles by hand Some other minerais can occur in

smaL amoums. but does not

comam ore minerals thus does not ,zive a ferreus weatherimJ produc: The clea age is thouaht zo

be :he resul: of a-dal :ae :2a:aae ai:omr.en: cHnIcJ

cae re ZnRisrina :eotcm2s ara: nni.;:eral Jr12r.i.C,

MSC be ansCI'LLte:\ as

1.:



Previous Work

A largepart of the Bergsdalenquaranglehasbeen mapped by Kvale and other geologists,

and the geologicmap shownin Plate>occxincludesdata fromthe maps prepared by Kvale (1946),

Gray (1978),Kvaleand Ingdahl (1985), and Ingdahl et. al (1990) Mapping carried out in 1991

has concentrated in the westeni halfof the Bersdalen Nappes.

Bjorn Lunde of the NGU conducted surveysat Vetlehagen, Mon, and Norheim-Kyte during a

rainy week in the summer of 1992, the resultant work was of no use to Voss cementvarefabrik,

thus the author has great hopes for this report

Anders Kvale executed an extensive survey of Norheim-Kyte in 1977 with the liniversity of

Bergen, as an attempt at resource evaluation

13



FieldworkRe rt

The skiffer operations all required detailed geological surveys of occurences of quartz

schists (Kvart Skiffer), some layers contain quartz veins that make the skiffer unsuitable for

industrialapplications,otherproblemsincludecleavage, nappe folds,joint relationships,and also

layer thickness

Detailedschistsurveysmustbe carriedout to find out whether there is any system in occurences

of good andbad qualityskiffer,also determiningwhether there are particular structural horizons

within which quartz veins occur. Schistosity, nappe folding, mineralogy of horizons and the

pattern ofjoint sets also needed to be surveyed

The geological survey took the form of preparation of an overall tectonostratigraphic map

establishing the economic horizons in the quarries, aswell as in the surrounding area as part of

reserve evaluation. Sections were taken up through the thrust sequence at all localitiesand are

represented in Figure 15. Joint orienatation surveys were conducted in detail at both the

Norheim-KyteandMon-Vetlehagenquarries, and are represented as stereographic projections.

li is hoped that estimations of block sizes may be made from the john data in order to assign

particular industrialuses for each horizon.

Distinct lineations were noticed from cleavage surfaces in Quartz-Schist Horizons but are not

thought to affect skiffer quality, and are the result of the Caledonianthrusting event. Isoclinal

folding is thought to represent a crutial element of skiffer formation, yet does not affect skiffer

quality

14
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TEGFORKLARING/Le end

17/5- z/

L 11 04,01

SEDIMENTERAVKVATtER ALDER
QuaternarySediments
MORENE,GRUS.SAND,LEIRE
Moraine.gravel,sand elay

JOTUNDEKKEKOMPLEKSET,PREKAMBRISKEBERGARTER.
FRAMSKJØVETUNDERDENKALEDONSKE
FJELLKJEDEDANNELSE
Jotun NappeComplex,Precambrianrocks,overthrust dming the
Caledonianorogeny

UNDREJOTUNDEKKE
LowerJottuaNappe
BÅNDETONEIS,OYEGNEIS,FINKORNETGNEIS.DELVIS
MYLONITTISERTOGFORSKWRET
BandedGneiss,augengneiss.fine-grainedppeiss,partlymylonitieand
schistose

VOSSADEKKEKOMPLEKSET,PREKAMBRISKE
BERGARTER,FRAMSKJØVETUNDERDENKALEDONSKE
FJELLKJEDEDANNELSE(TIDLIGEREKALTØVRE
BERGSDALSDEKKE)
VossNappeComplex,Precambrianrocks,overthrust duringthe
Caledonlanorogeny(formername:UpperBergsdalenNappe)

SKORAFJELLDEKKET(TIDLIGEREICALTØVREFLAKAV
ØVREBERGSDALSDEKKE)
Skoralellet Nappe( formername:UpperThrust Sheetof TheUpper
BergsdalenNappe)
DYPBERGARTER
Plutottlerocks
KVARTSIDIORITT
Quartzdiorite

RAUNDALSKOMPLEKSET
RaundalComplex
GRAN1TT
Granite
GRANITTISKOGDIORITTISKGNIIS
Graniticmd dioriticgneiss

KVITENOSGRUPEN
KvitnosGroup
AMPHIBOLITT
Amphibolite
KVARTSKIFER(METASANDSTEIN)/KONGLOMERATT
Quartzschist(metasandstone)/conglomente

SLETTAFJELLDEKKET(TIDLIGEREKALTMIDTREFLAK
AVØVREBERGSDALSDEKKE)
Skttal]elletNappe(equlvalentto UpperBergsdalenNappe,Middle
Thrust Sheet

STØRICNINGSBERGARTER
Igneousrocks
GABBRO.FOLIERT
Gabbro.foliated

KVITNOSGRUPEN
KvitnosGroup
KVARTSSKIFERevfETASA.\DSTEIN)!CONGLONaATT
Quartz-sellisi(metasandstoneyeenglomerate
AMPHIBOLITT
Amphibolite
NÆSTEDEGNEBERGARTERAVANTATTKAMBRISKOG STEDVIS
PREKAMBRISKALDER
Parautothonousrocksof asstunedCambrianand partly Precarnbrianap
FYLITTSTEDVISOGSÅGLEvLMERSKIFER
Phyllite.locallymica-schist
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Tectonostrati ra hic Profile 1- Mon uarry

Phyllite

UnworkableSkifer

Phyllite

I4 UnworkableSkifer

UnworkableSkifer•

2.7m • Pbvllute

Unworkable Skifer

t.
Unworkable Skifer

Skifer
CSI

iL

Unworkabie Slafer - high concentrationof
boudinaged concordant and discordant
quartzveins.varying in thicknessfrom Icm
to IOcm.Stratahas been heavily fractured,
thismaybe due to a higher competance.but
results in worthiess material. Joint sets are
generallynon-pervassive.yet frequent. The
deformednatureof these borizons is thought
to result to their proximity to the
decollement shear zones, causing local
metasomatism, te. rocks tend to become
increasingly silica rich with nearness to a
shearzone. thus loosing the micas that form
thecleavagethat is paramount for industrial
applications.

Slajer- homogeneous,vein-free strata. with
excellent cleavage. Occassionally show
'ghoststructures'of small (I0cm vavelength)
fold hinges highlighted by quant
mineralization in their limbs. These
structuressupport the arguementof a thrust
nappe isoclinal fold eveloutionary model.
Such structuresare mostly 'sheared out' by
subsequent thrusting.and do not affect the
cleavageof the rocks.

Phyliztes - seen as lubricationmediums for
iniensalrampingup decollementthntsts. It is
thought that some phyllitesitica schists
develop as a resuit of the metasomatic
proceseses of solution transfer during
thrusting,and are notjust slicesof the basal
phyllite common to the area. The
decollementphyllitesshowvery fme planar
laminationswith shearband fabrics verging
againto the south-east,yet 'ramping up in a
southerlydirection.

Phyllite

Fig I 1 MON QUARRY - Main working face Location - see Base Map in Appendix
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ratiofacedbyanyproposedopen-pitdesign(Table2)

Table2Reserve estimation of preliminary pit-ciesign

Matenal Tonnage Factor Tonnes

Recoveredskifer 2/ 6 11296.07
Overburden 2/ 33 08 345.215
Wasteskifer 2/ 2 61984
Waste 23 35 70329.215
StrippingRatio 5.8:1




Theestimatedstrippingratioishigh,andwouldincreasefurtheras quarryingcontinueddowndip
Estimatesare basedon excavationof theMonpit for 38mdowndipwitha batterangleof 53
degrees (RefFig 16Mapof reserveestimation)
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Vetleha en Quarn'

VetlehagenQuarryis locatedsouthof the HorjoloRiver, the current operation is working

a thickness of 7 m, of lateral extent 30m, dipping 30 to 33/340 NE. Previous operations in the

immediate vicinity were located to the north, with more extensive reserves, and represents

significantreserves with little overburden

The skiffer here is characterized by a continuous laminar mylonitic fabric, that becomes

progressively deformed to the south, the result of the Devonian back-thrustig movement

Evidancefor this movementwere seen as stretching lineations, illustratedby Fig 2.8 orientatred

to 290 to 295 vergingNW

Table 3 Reserve estimation for a preliminaryopen-pit design

Matertal TonnageFactor Tonnes

Zone I Zone 2

Recoverable skifer 2 7 49,896 39,690

Overburden 2 7 484,110 173,745

Waste skifer 2 7 21,384 17,010

Waste 2 7 505,494 190,755

Stripping ratio = 10 : 1 5 : 1

The data abovewas calculatedon the assumptionthe design extends down-dip for approximately

35m, as at Mon, stripping ratio increaseswith increasingdown-dip excavation Zone 1 (Fig 13

Map of VetlehagenandBjorkehagenReserves) includingthe present Vetlehagen Quarries south

of the Horjolo River are likely to become uneconomical with fiirther extraction, and are now

thought to be ofless recoverypotential than Zone 2 Zone 2 comprisesareas of low-reliefnorth

of the Horjolo River, and could be considered to be a potential area for development The

economics of all of the surveyedareas is discussed on page 42
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Vetleha en ua - Profile 5

Unconsolidatedglacialoverburden

concentrationof joints. fractures and
frequentquartzveinsconcordantto cleavage
that render the skifer unworkable.
Less frequentquarizveins
Large scale en-echelon and shear-fabric
structures (top to the south-eastsense of
shear) renden strata unworkeable.

Centimetricconcorclantveins every0.5 to
apart (vertical spacing) - this

concentrationis acceptablefor quanying.
'Z' type folds indicating lower limb of
antichnelocation.and relict bedding seen
asbeing steeper than cleavagedown dip,
indicatesthathorizonforms lower limb of
an isochnalyfoidednappe anticline.

Horizon yields strong planar mylonitic
fabric with a high concenrationof joints
and fractures. Quanz-veins show
centimetricboundinagestructuresand 'z'
type folds.

Phyllitelmica-schnts -fmely laminar
banding- contains south-east verging
shear bands.

Fig 12 VETLEHAGEN Profile 5 Loc-see Fig 13
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Mon - Vetiehacen Surveys

This studv comprises surveys of the areas between the Mon and Vetlehagen quarries and

areas to the North. South. and East of the quarries to identifv potential skiffer reserves for future

quarry expansion Previously worked small-scale workings were seen in some of these areas. and

reflect potential reserves for extraction

Fig 14 Snetures in mylonne elose to phyllate horizon (Loeality X.XX) Signwidal shaped competant lens in the weak
(dark mylonne mdwate inustrate the I): southeast verging seuse of shem Later asymmenne small-seale folding and
and SE dipping enmulation eleavage is developed m weak. anea-rich layers. reflecting the Devonlan D:back-thrusting
even:

The areas between the Mon and Vetlehagen Quarries has been largelv unworked and

were unknown as to the potential of skiffer reserves there The quarries lie within the same

tectonstratigraphic level. albeit at different levels The area between them comprise rocks of

quar,z-schist nature. ve: showing a mvioning fabnc throug:nour with high concentrations of quartg

lenses and veins concorciani: to the expected eleavaLle area Quarz vein folciln

se-ehof wavelen,r± ap;:•ro\Ernal:lev hint2e line crien:atier, bu: litrie defcrMS the

overalt mvionitie ?Fabrico.j the hoelc Thehe are se‘.•era, possibe explanatiors foh zene ei


uneconomie sehistcse mvIonit:zed roch:s. the tirsz is :ha: urtrvz :he SE verc,MGCaiedonian

thrusznig even: there were vari.?±ons in the amount of strain produced. the economic skiifeh



horizonsbeingzones of higher overall strain The second explanationinvolvesreworking of the

horizonbythe NW vergingDevonianD2 back-thmstinQevent, involvingremobilizationof silica

producingthe largeconcentrationsof vein and lensoid quartz and hinge-linerotation. The author

favours the Devonian D2 back-thrusting event based on small-scale structures seen in the

mylonite-phyllite contacts within the study area. Mylonitic structures close to the phyllite

horizons,supportthisview,where sigmoidalshaped milkywhite competant quartz lenses within

the myloniteillustratethe DIsoutheastsenseof shear. Later asymmetricsmaller-scalefoldingand

SE dippingcrenulationcleavage is developed in weak, mica rich layers, reflectingthe Devonian

D2 back-thmstingmovement(Fig 14).Surveysof the horizons directlyabove the Mon workings

and disusedworkings north of there show internal imbricationstructuresthat were lubricated by

incompetantpyllitelayersthat constitute horizons of thicknesses of several metres that taper out

northwards, these being contained between larger roof and basal thrusts Refer to Fig 8 for

extent of rampingup decollementstructures. Sections were made up-stratigraphyin four areas

and are represented in Fig 15. in a comparitiveform. Surveys of the Vetlehagen-South quarry

showthat the skifferhere has a poor cleavage and strong centimetricmyloniticfabric with a low

concentrationof quartzveinsand lenses. Areas surveyed to the north of the Hotjolo river reflect

new areas for extraction ( Localities47-53). The horizon of quartz-schist at Loc.47 consists of

a massive, homogeneous unit with a low-concentration of quartz veins and lenses.These are

concordant to cleavage and continuous along strike, occuring at intervalsof several metres and

are not thickenoughto rallse anylargescaledisruptionto the surrounding economic skiffer,thus

acceptablefor extraction.Jointsin the exposure are at regular intervals of 0.5 to 2.5m orientated

349/850 WSW, almost perpendicularto the working face, thus facillitatingextraction.

Table 4. Reserve estimationbased on a preliminaryopen-pit design at Bjorkehagen

Material Tonnage Factor Tonnes

Recoverable skifer




2.7 101,300

Waste




2.7 189,236

Stripping ratio = 1.8 : 1




The estimation given above is based on a hypothesised open-pit with a down-dip extension of

70mand strikelengthextensionof 70m.An operation such as this would prove very economical,

due to the lack of overburden, and general low relief in the area.

24



240

240

220 220

.......

20 200

195

180

500 1000

Fig 15. Profiks from Mou (I) to Vetkhagest (5) showing lateral extent of skifer reserves. See appendix Base Map for Iocations of profile traverses.



TEGNORFLARING- Le end

VOSSADEKKEKOMPLEKSET,PREKAMBRISKE
BERGARTER,FRA.MSKJØVETUNDERDENKALEDONSKE
FJELLKJEDEDANNELSE(f IDLIGEREKALTØVRE
BERGSDALSDEKKE)
VossNappeComples,Precambrianrocks,overthrust duringthe
Caledonianorogeny(formername:UpperBergsdalenNappe)

SKORAFJELLDEKICET(TIDLIGEREKALTØVREFLAKAV
ØVREBERGSDALSDEKKE)
SkorafjelletNappe( formername:UpperThrust Sheetof TheUpper
BergsdalenNappe)

KVITENOSGRUPEN
KvitnosGroup
AMPHIBOLITT
Amphibolite
ICVARTSKIFER(METASANDSTEINyKONGLOMERATT
Quartzschist(metasandstone)Iconglomeate

SLETTAFJELLDEKKET(TIDLIGEREKALTMIDTREFLAK
AVØVREBERGSDALSDEKKE)
SlettaljelletNappe(equivalentto UpperBergsdalenNappe,MIddle
Thrnst Sheet

KVITNOSGRUPEN
KvitnosGroup
KVARTSSKIFER(METASANDSTEN/KONGLOMERATT
Quartz-sdnst(metasandstone)/conglornerate
MYLONITT(METASANDSTEINOGKONGLOMERATT)
Mylonite(heavilymetamorphosedsandstoneandconglornates)
NeESTEDF.GNEBERGARTERAVANTArr KAMBRISKOGSTEDVIS
PREKAMBRISKALDER
ParautothononsrocksofasstunedCarnbrlanand partly PrecambrIanage
FYLITTSTEDVISOGSAGLIMMERSKIFER
Phyllite.locallymica-sdnst

GEOLOGISKESYMBOLER
GeologIcalsymbols

BERARTSGRENSE
Lithologicalboundary
BERGARTSGRENSE,USEKKER
Lithologicalboundary,uncatin
SKYVEGRENSEFORSKORAFJELLDEKKET
ibmStcoutacttothe Skor4elletNappe
SKYVEGRENSEFORSLETTAFJELLDEKKET
ihrust contacttothe SlettafielletNappe
SKYVEGGRENSEFORGRASBERGDEKKET
ThrustcontacttotheGrasbergetNappe
SKYVEGRENSEINNIENDEKKEFLAICENE
hientalthrustcontact(irnbrication)ofthethrustsheets
SKYVEGRENSEFORNÆRSTEDEGNEBERGARTER
Thrustcontacttoparauthouousrocks
FORICASINING
Fault
SPREKKESONE
Joint
FOL1ASJON,SKIFRIGHET
Foliation,schistocity
OPPRENNELIGLAGNING
PrimaryLayering
FOLDEASU
Foldaxis
LLNEASJON
Lineation

STELNBRUDD- Quarries
SKIFERBRUDD
SkiferQuany
BRUDDGRENSER
Quarrybotmdary
SKIFERBRUDDRESERVEAREAS 27
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Tectonostrati ra hic Profile 4 - Mon - Vetleha en Surv

Phyllite

Intenselyshearedphyllite - showingsouth-
east vergence

Mylonite Mylonire - showing evidance of 1)1
reworking.

Quartz-mica-schinMylonite - vety high
concentrationof concordantquartz veining.
althoughrockhasan excellentcleavage.No
overall fabric is evident. There has been
some test pitting in this horizon.

UnworkableSkifer

kin
•er

OZ

Skifer

Quartz-mica-schist/ Mylonite

Phyllite

Unworkable Skifer - high quartz vein
concentration - with boudan stretching
deformation.at vertical intervalsof 0.25m
. Grades up into a myloniticfabric. Some
contorted veins show 'z type folds
suggestingthat horizonsoccur in the lower
hmb of a nappe anticline, with the upper
limb Ithrusted/shearedout' by Caledonian
tectonics.

Skifir - fine grained. compositionally
homogeneous - competant fabric. Rocks
cleavage improves up section. Contains
somelargeboudanquartzleases with feeder
veins that are acceptable for industial
purposes.Rockshowsa degree of mylonitic
banding- thisfeaturebecomesmore evident
along strike and develops into unworkable
mylonites with high concentrations of
concordant and contorted quartz. (Similar
development as is seen with distance up
sequence)These resentes are economicfor
a shortdistancedown-dip

FFig 17 MON - VETLEHA EN.SURVEY Proftle Location - see Fig 16
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Norheim-Kvte Quarry

The aim of the surveysat Norheim-Kyte was to assess the potential of skiffer reserves
down /slope stratigraphyof the present workings The quarries lie in the Kvitnos Group of the
Mddle ThrustSheetof the UBN,boundedto the east by amphiboliteand to the west by a thrust
contact to the SletafielletNappe Complex.The horizonsare near-horizontal, dip/strike 071260°N,
and plunging 100to the NW

The initial overview of the quarry results in that the potential reserves to be surveyed are
concealed by a century'sworth of dumped waste material - a potential resource itse1f.Surveys
were made of the present quan-yfaces with several log sections being compiled, for use as a
greater understandinz of local geology and skiffergenesis for use in future skiffer exploration
investigations

Some estimate as to the nature of the horizons beneath the waste heaps could be made by
comparinglogstakento the northand south of the waste - (Fig 19). Detailed investigationswere
made into the nature and orientation ofjoint sets and lineationsobserved above and below an
observed internal decollementthrust, and were found to be perpendicularto the working face,
thus facillitatingblock extraction Shear band structures were seen in quartz-schist horizons,
reflecting shearingwith a top-to the south east sense of shear.
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SKIFERBRUDD NEDKVITNE—KYTE

1-7 PROFILER
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Fig 18 Norbetm-Kyte Quarnes. showmg profile traverse locations (Taken from Kvale 1977 investigations of Voss
Skifer - liniversily of Bergen. and from the authois work)
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Sk'otebane Quarrv

Skiotebane s a disused working north of the Raundaiselvi River. consistim.: of a

horizontal quartz-rnica-schist horizon below a sharp decollement thrust contaet Skiffer is of

a verv hitzb qualitv. to that at

Norheim-Kyte. and has been used as

polished domestic foor coverings The

phvilinc shear zone hosts shear band

back-thrustimi structures verzin2 14L:-

SSE. these developed bv crenulation of

ft S-C structures Below the contact

there is a 50cm thickness of mykonite

with quartz vein boudina<2estructures

2cm thick, and milhmetric continuous

veins The Quartz-schist horEzon

cornpses tabular biocks 3-4 cm thick.

and continues down stratiuraphv for

4m. the total verticai extent of these reserves are not known due to w,aste-rock heaps

Approximately 1m below the thrust contact

itthere is a band of concordant and discordant ad—

quartz veins (2cm  but does not affect the


bulk skiffer reserve Joints are persistant,


with smooth nianar faces. orientated 90 038

NE De‘elopment nve generanonsof 0: structures inLineations (not in-situ) seen economic
phylble Redrawn frorn field sketch of eketsh is

skiffer horizons in the NIon and Vetiehagen IYCLL

Quarries, were observed and are thought to

be a ,:ombination the Caiedonian thaistiner even: and :he la:er Devordan hack hRist:r1,1 e\ enz

-
„

-

-

	 rrt-e>,
Fnd 2() D: strudnires in

strUCtlifet,

phyliTteb erenutation-of D S-C



Table 5 Reserve estimationsbased on a preliminaryopen-pit designat Skjotebane.

The followingestimationsare basedon observed reserves, as the true verticalextent of the skifer

horizon was not seen.

Material TonnageFactor Tonnes

Recoverable skifer 2 7 17,010

Overburden 2 7 67,068

Waste skifer 2 7 7,290

Waste




74,358

Stripping ratio = 4.3 : 1

Kesertle
G-r?33

Fig22. Skjotebanequarryshowingpotentialreserves on transparentoverlay.
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Istad Qunrn Sumn:

Istai Quarr  has been disused since the 1950s. and has sinee flooded from the surroundincz

marshes Interest has been shou,n bv a small co-operative of workers in reworking of the quartz-

schist due to an upturn m the market for skiffer There are also large waste heaps of skitfer and

pians have been made to use this tbr road bases and foundations

siniple shear hut simple eytensionai shear

The quarry lies within the same

tecionostratigraphical horizon as

the other Mon quarries. m the

middie thrus: shee: of the LEN

The workings constitute two

lOGnn long oits separated by a

zone of intensivelv sheared

phyllire, yielding extremelv

comorted quartz veins and

lenses The herizons of

economicaIb viable quartz-mica

schist lie directb beIok\ the

phyllinc decollement zones and

becomes progressivelv more

mylonitized down stratigraphv,

the upper quartz-mica schist band

forming no thrust contact with

the sheared separating

decollement zone suguesting tha:

the horizons wore not subject io
" Wat2r-filled J1sus piarc, NAorkzags

Fesei"deS Cd1:didted Le ee 2J50J T•

shooiej7.11,ertide a:Erre: Lievdidpfn:rdt. mare :norol_ra

.1/4d surr e d

nion lond -cul
-

The resCryeS de ilCweVer suguest that istad would be the meat economiz open-pt, operatizn ftoin

all of the areas surceved. as overburden is at the bare minimum



Table 6 Reserve estimationfor a preliminaryopen-pit desien

Material TonnageFactor Tonnes

Recoverableskifer




2.7 106,029

Overburden




2.7 276,804

Waste skifer




2.7 45,441

Waste




2 7 322,245

StrippingRatio = 3 : 1




Fig 24. Simplifiedprofilethrough the Istad surveyarea.
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Skiffer Genesis

TheBergsdalenNappe lithologiesreflect a more competant lithologywhen compared to
the CaledonianNappe Complexas a whole The quartzites and quartz-mica schistsof the Upper
Bergsdalen Nappes contain the quarried skifferhorizons and host southeast vergingclose folds
with sub-horizontal axes with gently dippingW - dippingaxialplanar cleavage These folds are
partly deformedrsheared out' by overbearingD1thrust related structures, and are interpretated
as havingbeenformedat a latestageduring thrusting A numberof minor shear zones within the
UBN show displacementsconsistent with SE directed thrusting, and form part of the complex
imbricate schuppenduplex structure seen in the study area

Skifer

\

ImbricateZone

Fig26.0ross-sectionE-Waccrossimbricateschuppenstnicture.(Restoredtohorizontal)

The author was unable to find sufficient evidance in support of parts of the work of Inghdal
(1991) who mapped the area with Anders Kvale in 1985, who's observations do not refiect the
geology fullyand have made broad assumptions on the nature of the contacts in the study area
( Fig 9 ). The duplex structure has been tilted, since formation to give dips of 30-35, the
reconstruction above has been restored to the horizontal, and represents a section through the
Mon Quarry face and upper stratigraphic levels A major conclusion of this study is the
development of a genetic model for the development and subsequent exploration of econornic
skifferhorizons relative to phyilliticinternal imbricationstructures, such as those clearlyseen at
the Norheim Skjotebane and Istad Quarries, developing an almost mylonitic fabric directly
beneath the dislocation, and parallel axial planar cleavage below. Economic quartz-mica-schist
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horizons formed by the Caledonian thrusting is a combination of simple shear thrustina and

horizontal pure shear.

(a)Sunole Shear (b) Sunple Shear—extension

N1vicnte

• PhyilityMicaschist 41, DecollementCUSCOrISILLity

Skife:

Fig 27. The effects of variationin shear accrosssection,illustrating(a) simple shear (b) simple shear and extension,
wheretheeconomicquartz-nnca-schistare relitivelyunstrainedcompared to the incompatibleshear zone strains, due
to D, Caledonidethrust movements

The horizonsof economicallyviablequartz-micaschistlie directlybelow the phylliticdecollernent

zones, and becomes progressively more mylonitizeddown stratizraphy, the upper quartz-mica

schistband formin2 no thrust contact with the sheared separatingdecollementzone, sug2esting

that the horizons were not subject to simpleshear but simpleextensionalshear (Fig 25)

Structural Development

Dl structures - related to the CaledonianD1

thrustingeventindicatea top to the southeast

sheardeformation A foliation best observed

in thin-section (Fig XXX) thought to be the

result of pressure-solution cleavage, and is

most evidantin highstrain zones, undisturbed

by later D2 deformation, and resembles a

stronglylinearfabricLineationsshowingdistinct

parallelism with insi2nificant difference are

commonly observed in the quartz-schists of

the UBN (Fi2 ,CCX) This intersection
;

Fig28. Stereographicprojectionof D, thrusunc intersectionlineation is best developed where the lineationseen in Quartz-Schistsof the UBN.

penetrative S1 foliation is deformed by
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somewhat later 0: folds. these themselves beimz destroved by lazer retated thrustincz This

siftlealral overprintinuis interpreted as beir.;v:Fromthe prouressive D: thrusina eyents which The

exzent of D: szmetures is less obyious in the phyllites and mica sehists that form the decolement

zones between the more competant quartz-sehist horizons as they have been more strongiv

affeeted bv the later defomiation Altheuuh it is easilv notieed that these deeolement zones do

possess a disrinetive eleava,ze thaz ean be atzributed to the D thrusimz event

Mi Metamorphism -lowermost amphibolite facies in heavily sheared facies. and in the

dynamicaliv reervstallized quartzites the zemperatures require upper -temperatures

D2 structures

The reatonal se: penetraMe. linear nd plana: fabrics zhaz Weie formed durtna zhe D: were
consistently deformed a tectorne eyent which we have been eallina which invoived a

rowzhiy oppsoite sense of shear The most eharaetertstte structures are asymmetrie folds -

althouah onlv seen on a small seale in litholoaues in the study area. and S-C
structures seen as Mica-fish in thin seetion

D2 foids

Reaionally struerures are ehareaterized by the development of asvmmetrie folds with a verLYina

,x1r1 COulper_11.1;Quill-72-scLsts
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NW sense of shear. In the study area such features are only seen as crenulation cleavages on
millimetricto centimetricscales in micaceous lithologies.Most of these small-scalefold appear
to bé directlyrelatedto neighbouringshearband structures,forminggroups of reverse and normal
slipcrenulations.Theseare commonwherethere is a contact between competant and incompetant
lithologies,in a zone between thicker and more homogenous competant layers (Fig 29). Larger
scale folds were not observed in the study area.

Shear bands,S-C structuresand other mylonitic ,SE

bz

sz
i.e the Mon main quarry face.

4— c
M2 metamorphism - the temperatures and


pressures must ahve been lower than of the initial

Cakedonidethrustingevent,as so muchof the initial
Fig30Schematicillusttationofthedevelopmentof

structureremains,even after reworking by the later D, structuresin phyllitebycrenulationofD , S-C
structures.Basedonfieldsketches- Skjotebane.back-thrusting.

Later folding - explain difference in dips between the Norheim-Kyte areas that are near
horizontal and the Mon - Vetlehagen areas that have been significantlytilted.

Microscopic observations

Fig 31 shows the typical S1 foliation seen in the skifer - this is a direct result of metamorphic
processesof pressure-solutioncleavage.The absenceof shear fabrics/bandson this scale suggests
that stretching of quartz grains was counteracted by dynarnicrecrystallizationduring the initial
thrusting event.

The skifer horizons of the UBN have been preserved from reworking, due to the presence of
foliation mica fishwidespread boundinage structures. Reworking is sometimeseasilyidentified
in the fieldby rotational or deformationalforms of quartz lenses.

D2 structures -

Theseare seeninphyllitesand quartz-mica-schists,  
as small shear zones that deform, and even more

rcommon between the quartz-mica-schisthorizons
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-
Fig 31 Photomierograph of Quartz-Schist from Vetlehagen Quarry, showing the distinctive (S,) pressure

solution-eleavage defmed by ribboas of quar2 aad feldspar eaveloped by more irregular, finer grained. md

compfetely rearystallized feldspar quar2 and mica Note the diaraeceristic S-C mvIonitie features.
Sample 1')Mag x 40 Ppl.

•

- .
F 32 Photomiorodraph Quarm-sebas: from Vetlehagen DymMealiv reeresmtlized folespar and
quarm emms. bounded by sharo sh-aidht shp Manes The defonnaMm meehanispu was duraimbounem.
slidwg er as has been sugdested the mm thick neariy pure quarm are interpretaced as sinks of SiG2
a-ansferred from mica-rich layers by diffusion Thus mvohMg a vanery of prooesses. solmiou trausfer.
reen.stallmatiom drain boundary ami grain-size reduction formed Mis oharameristie S type
fohation withM the metasediments of the UBN. Sample VI (11 Mag x 40 Xpl.
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Reserve Develo ment

The reservesoutlined above only reflect the preliminary work through geological mapping,

although crude estimates of' skiffer reserves are displayed below (Fig 34)

Suitable extractive methods can be suggested for the reserves, with opencast mining in areas of

shallow overburden and low relief i e Skjotebane, Bjorke, Istad and upper horizons at Norheim-

Kyte, whereas, further feasibility studies such as a diamond drilling programme with large

diameter cores to provide samples for geostatistical analysis showing the structural relations

which must be conducted before shallow-depth mining could begin in the Mon and Vetlehagen

Quarries

Calculations using volumetric tonnage estimates vs overburden ratio were made to assessthe

viability of openpit or shallow underground operations in the area

OtaltaterN

risent 8Lock-

5,(zira

Fig 33. Designand Tonnageestimationmethodsfor an expandedopen-pitoperation in Mon.

Evaluation blocks are not calculated on horizontal and vertical axis, as the method of extraction

may occur on an angle, i.e at the Mon Quarry of dip 270 , thus overburden and skiffer biock

volumes are calculated as they would be extracted (Fig 33).The aim of this excersise is to establish

a preliminary economic assesmentof operations continuing a further 50 to 70m down dip, either

by opencast or underground mining methods, at a current cost of extraction of Nkr250 per cubic

Metre or Nkr 93 per tonne. ( £25/m3or £9.30/tonne), these costs are based on the work carried

out at Storagrue by VossCementvarefabrikk. Tonnage estimates are given in Fig 34.

Whatever the extent of the quarry/pit boundaries a batter angle must be allowed for, this may

reduce the volume of skiffer extracted. Batter angles are typically 450, but can vary from 35° in

lesscompetant overburden such as phyllites or heavily fractured quartziferous horizons to 550 in



quarry faces

Fig 34 Reserve estimationinformation




Down-dip Strike Tonnage

(n) (m) (tonnes)

StrippingRatio

(tonnes)

Mon 38 210 6,112, 96 5.8 : 1

Vetlehagen I 55 70 49,896 10 : 1

Vetlehagen2 35 70 39,690 5 : 1




Bjorkehagen 70 70 101,351 1.8 : 1

Istad 45 210 106,029 3 : 1




Skjotebane 75 62.5 17,010 4.3 : 1

Norheim-Kyte No estimations madefrom observations




(Cutoff Stripping ratio based on .1une 1995 extraction costs per tonne of 1VIcr93 or

Nkr 2507&)

Preliminaryeconomic assess ment of pit designs

The methodof reserve estimationconsiders the tonnage of overburden that must be removed in

order to extracta blockof workable skiferof similarsize, thus resulting in a StrippingRatio. An

appropriate batter angle is also taken into consideration. (Fig 33).

A given block of skifer 25m x 18.75mx 1rn contains 468.75 cubic metres/ 1265.6 tonnes, of

whichapproximately70%is lostduringextractionand processingmethods. Thus to extract asuch

a block 23m thick ( 29,108.8 tonnes ) would cost Nkr 27,071,18.400.

So to extracta 23mthickness of skifer= 29,108.800 tonnes, which costs with no overburden at

a rate of Nkr 93 per tonne, Nkr 27,07118.400

Stripping ratio = Tonnes of waste/tonnes of ore

or = tonnage of rock in pit - tonnage of ore( 30% skifer recovery)/ tonnage of ore



Mon quarry

Matenal TonnageFactor Tonnes

Recovered skifer




2.7 6 112 96.07

Overburden




2.7 33 08 345.215

Waste skifer




2.7 2 61984

Waste




2.7 35 703 29.215

Stripping Ratio = 5.8 : 1




The estimated stripping ratio is high, and would increase further as quarrying continued down dip.

Estimates are based on excavation of the Mon pit for 38m down dip with a baner angle of 53

degrees It is thought that the operation at Mon has a limited life-span using open-pit methods as

they are now. Underground methods using large scaleroom and pillar techniques may be the only

way to maintain extraction, leaving at the very least a 1m thick layer of skiffer at the roof of any

mine for use as a stabilization basefor roof-bolts to support the incompetant phyllitic rocks above.

Further studies are required to fully assessthe potential of underground mining techniques, in any

case the recovery of skifer would be lower than an open-pit operation as such

a substantial volume needs to be left as roof pillar supports

Istad Quarry - area oflow topographic relief and a moderate dip of 25 degrees.

Material TonnageFactor Tonnes

Recoverable skifer 2.7 106,029

Overburden 2.7 276,804

Waste skifer 2.7 45,441

Waste 2.7 322,245

Stripping Ratio = 3 : I

The Istad Quarry represents one of the most cost-effective open-pit operations in the Voss area,

the quany is now waterfilled this being fed by swamps and marshes, but are drained by a man-

made drainage canal Istad has another feature of signifiacant economic importance, in that the

overburden above the previously worked quarry contains another skifer horizon, thus fiirther

reducing the stripping ratio.



Vetlehagen Quarry - areaof shallowingtopographic relief to the north, thus accounting for the

subdivsion of areas reflectingdifferingstripping ratios

Material Tonnagebacwr Tonnes

Zone I Zone 2

Recoverableskifer 2 7 49,896 39,690

Overburden 2.7 484,110 173,745

Waste skifer 2 7 21,384 17,010

Waste 2 7 505,494 190,755

Stripping ratio = 10 : 1 5 : 1

Vetlehagen has a steady future, with operations likely to contine down-dip for a considerable

distance until the quarry reaches a sirnilarstate as seen at the larger Mon quarry today.

Bjorkehagen

Material TonnageFactor Tonnes

Recoverable skifer




2.7 101,351

Overburden




2.7 145,800

Waste skifer




2.7 43,436

Waste




2.7 189,236

Stripping ratio = 1.8 : 1




The estimation given above is based on a hypothesisedopen-pit with a down-dip extension of

70mand strikelengthextensionof 70m.An operation such as this would prove very economical,

due to the lack of overburden,and general low relief in the area. Access may prove problematic

due to the high cliffsdirectlybelow the old-working face.



Skjotebane

The followingestimationsare basedon observed reserves, as the true vertical extent of the skifer

horizon was not seen.

Material Tonnage Factor Tonnes

Recoverableskifer 2.7 17,010

Overburden 2.7 67,068

Waste skifer 2.7 7,290

Waste 74,358

Stripping ratio = 4.3 : 1

Skjotebane requires much more detailed analysis, as vertical and lateral reserves are not fully

appreciated at this time Should reserves proove extensive, then this area shouldbe considered

carefully, as the skifer is of a qualityunseen in the whole Voss area.



ua Modernisation in Britain

The methodsof production in the skifferquarries in the Voss region have changed little
for over a century, extraction is by drilling and blasting producing irregular sized and shaped
blocks resulting with a high percentage waste. Highly skilledcraftsmen still split the blocks of
skiffer by hand, but with a view to expansion, alternative methods of extraction and processing
are now sought.

Comparisonsof skifferproductionhasbeenmadewith severalBritish slate producing operations,
who have made significantefforts to modernize their extractive and processing techniques to
improveproductiondue to an upturn in interest for natural slate in roofing, flooring and cladding
in recentyears.Theseincludetwo largeoperationsDelabole Slate - part of the multinationalRTZ
company, and Penrhyn Quarries Ltd in North Wales, both quarrying slate of Devonian and
Cambrian age respectively.

Penrhyn in particular are reaping the benefits of a major modernizationprogramme where new
production equipment has enabled the company to meet the resurgence in demand for natural
slate.Modernizationbegan in 1964 when 1.5 millionwas invested in quarry modernizationand
slate roofing production, also research was begun into alternative uses for natural slate
Developmentalsoincludednew automaticslate-splitfingmachinesand other specialistmachinery.
The patented automatic slate splitting machine is currently disused as it fails to compete with
traditional methods of splitting blocks by hand. A problem that both Penrhyn and Delabole
quarries have faced is the high waste production Only 2% of the quarried material becomes
finished product, the rest is discarded during preparation of the quarried blocks for splitting.
Furthermore, accumulatedwaste from historic workings arnounts to 200 Milliontonnes spread
over 9 squarekilometresof tips, andat current working rates, is increasingat 1 Mt/year. In 1964
Penrhyn tackled this problem by investing in potential new markets for slate, particularly
granulatedand powderedsales,whichled to a fundamentaldiversification.It was found that both
the physicaland chernicalproperfiedof slatepowder enabled it to be used as a substitute for talc,
micaand other chemicallyinert fillers,particularlywhere acid resistancewas required Together
with its properties and lower costs in relation to talc and mica, it found ready markets in the
manufacture of modified coal tar, pipe enamel, asphaltic products, plastics and resins, mastic
adhesives and insulation products. Granulated slate was also found to have uses in the
manufacture of mineralised coating of asphalt roll felt, strip shingles and concrete roof tiles.
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Penrhynrecentlyreplacedtheiroutdated rope shovelswith hydraulicexcavators and have geatly

improved productivity being more manoeuvrable Another step in the mechanisation of the

extractionprocessis the installationof machinesto cut the slate in blocks from the face Penrhyn

bought their first purpose built, track mounted German 1.6m circular saw and are currently

assessing the machine.

DelaboleSlatehas also modernisedits extractiveprocessthrough the use of'diamond wire

sawingin an attemptto reducewastageof blocks,abandoningexplosivesas an attempt at creating

a cleanerand saferworldngenvironmentAnother benefit, is that different qualitiesof slate in the

quarry can be extracted selectivelyand with great precision, yieldinga higher recovery rate of

high-integritymaterial.Delabolestarteddiamondwire-sawing with an electric powdered machine

in 1987 More recently, a more powerful PellegriniTDU 100diesel machinehas been installed

(Fig XXX). It was finally decided to abondon blasting altogether, the company now relying

entirely on diamondwire and hydraulicsplitter extraction methods

Delabolehavebeenusing40m lengthsof Tiger wire from Van Moppes-IDP, (FigXXX) the wire

is fittedwith lOmmdiameterFast-BitebeadscontainingDe Beers SDA85-”diamond of 40-50 US

mesh size in a cobalt based bond. Forty beads are provided per metre, separated by VM-IDP's

rubbercompound Thewire is run at 30 mison the Pellegrinimachine.Blocks of 300-450 tonnes

are isolatedfromthe workingface, then hydraulicsplitters separate the mass into smallerblocks

along the slate's cleavage planes. These smaller 10 tonne blocks are then taken by lorry to the

processing plant The workshops have two Anderson-Grice multi-blade frame saws, a BM

monoblade which is extensivelyused for prirnary sawing, a Thibaut polishing line and Jenny

Lindtype polishers,and various cross-cut saws for edging.

Despitethe introductionofblock-squaringby diamondsawing,Penrhynfaced the problem of how

to increase output and streamline production, in an industry that relies heavily on the human

element A new almost fullyautomatic combinedprimary and secondary sawing system was put

in operation which enables fully-sawnblocks to be produced, ready for hand-splittingand

dressing, with the minimumof loading and offloading

Blocks which have been extracted from the quarry face are offloaded prior to splitting into a


maximumthicknessof around 400 mmto suit the saw blades. Previouslythis was done by hand
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Fig XXX The Pellegrtmcheselpowdereddiamonciwwecumng machme

but now with a mini-excavator equipped with an hydraulic pick attatchment is used (FiuM)

This is not only quicker, but also rernoves what was a potentially danuerous situation of having

men working in close proximity to the movement of heavy plant machinery Before the new

sawine system was introduced, the slate blocks were first cut by primary saws, usually of 1600

mm diameter They were then off-loaded and manually split into 150 mrn maximum thickness

before being reloaded onto the secondary sawing bay, where a triple 600 mm diameter unit cut

them into finished blocks The new system allows blocks of up to 3 mx3 mx 400 mm thick to

be squared into standard Imperial sizes of 21.5" x 13.5" or 25 5" x 13 5" with no interim off-

loadine or splitting Furthermore, once the block is alizned for the initial primary cut, very little

human juduement is required to assess the optimum cuttina parameters. The computer-controlled

primary and secondary sawing consoles do the job alrnost automatically

Blocks are loaded onto a track roller which conveys them into the primary sawing bay, which

consists of a Van Voorden Helios 5, 1600 min diameter single-blade machine and a VanVoorden

Helios 6 beam A laser beam is used to ensure that the block is located accurately and sawinu

commences with the twin blades set at a constant 21.5" apart and the single blade set either 21.5"

or 25 5" away from the twin blades, depending on the finished slate size required

The single blade can be removed for a second cut so that the block can be into upto 5 sections

ready for secondary cutting. The secondary cutters are two Van Voorden Helios 5, and is

completely automatic once the block to be sawn passes a photoelectric cell linked to the

microcomputer console, calculating the total length of the block The first cut involves twin blades
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traversing simultaneously to give three cut blocks and one piece of scrap The computer now

calculates how many more cuts are possible from the length of uncut block remaining and

accordingly programs one or both twin blades to make another cut once the block has moved

along the rollers. The blocks are then hoisted to the splitting and dressing area. Sixty bays are

provided for splitting and dressing and there are usually 56 in operation. Each man splits the

blocks by hand and then dresses to one of 26 sizes Since the introduction of the new sawing

system. Penrhyn has upped its production by about 40% to around 500 tonnes of roofing slates

per week It takes 2500 tonnes of quarried slate and 1250 tonnes of sawn slate to produce the 500

tonnes of slate roof tiles Scrap blocks and other waste slate is crushed for a number of end

uses.sub-bases and others listed above
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Field Identificationof Skifer Horizons

Tectonostratigraphically,workable skiferhorizons are typicallyfound below decolement

discontinuity ( Figs 20 & 27 ), where rocks have suffered simpleand extensional shear. Skifer

represents competant material whereas the heavily sheared phyllite/micaschist represents a

relativelyincompatibleunit.

Phyllite

Mica-schist cYaSICAcri Sheqr I

Mylonite

Skifer

Typical sequence through such an internaldecolement zone.

Internal decolement zones/contacts may or may not possess an extensive phyllitic thrusting

medium, thus these features may not easily be recognized in the field. In such situations, the

characteristicDI thrustinglineationseenon slipsurfaces( cleavageplanes ), orientationsof these

intersection lineations vary from above and below a thrust zone, remaining constant within a

particular skifer horizon. Detailed studies of the orientations of the intersections can reveal the

position of decolement thrusts. Based on work åt Norheim-Kyte.

In the field, skifer represents a compositionallyhomogeneous unit with no visible structures,

except the occassional quartz-vein boudinage structures (stretched quartz-veins) and remanent

fold hinges, that do not affect the quality of the skifer.



CONCLUSION

The aim of this report was to establish areas showing potential for skifer quarrying,

identifygeologicalfactorsthat maybe assignedto horizons of workable skifer, and to investigate

the mining/quarryingand processing of slate/skifer in Great Britain in an attempt to suggest

modernizationof the currentlyemployedmethods at Voss Cementvarefabrikk In addition to the

surveysmadein newareas,currentoperationssuchas Mgn, Vetlehagen, and Norheirn-Kytewere

surveyed in order to assess their economic potential.

Thenew reservesidentifiedby the author Bjorkhagen, Skjotebane, Istad, and those at or

near the Mon-Vetlehagenoperations have already been identifiedin previous chapters and it is

hoped that developmentcould arise from these preliminarysurveys.

Voss SkiferbruddeA/S and the conglomerate skifer workers seem to be in somewhat of

a dilema,as far as the future of skifer production in Voss is concerned, namelyin the method of

extractionandprocessing.Techniqueshavenot changed for over a century as was the case in the

British operations at Penryhn and Dclabole but subsequent rationalisation involving initial

expenditureof significantcapitol resulted in competative large scale slate/skiferoperations The

author feels that a smaller,yet similarrationalisationof operations could ensure an industrious

future for the Voss skifer quarries The Voss SkiferbruddeA/S factory at Norheim-Kytecould

be used as a model for all future processing of skifer with similarfactorys being constructed at

Mon and Istad or at a central point recievingsawn blocks from severalquarries, abondoningthe

traditionalsingleman operations seen today, ready to be split in a fashionnot dissimilarto that

at the British Delabole operation, thus reducing the percentage recovery of skifer tiles from

blocks, therefore increasingproduction per tonne extracted

The importanceof modenisation/rationalisationis furthermore in evidance in the subject

of availableskilledworkers,particularlyin the future,where it is unlikelythat the quarries will see

a young workforce replacing the current workforce.Automation as has been suggested would

reduce the number of men needed in the extraction and initial splitting of skifer blocks to

manageablesizes(but not drasticly!) is noted that some workers produce skiferonly as a part-

time source of income

The subjectof rniningor quanying the skifer deposits as discussed earlier resulted in the

conclusion that it will be more economical to quarry skiffer than mine it This has important

inplications for operations such as Mon with a relativelyhigh stripping ratio which the author

befieveshas a limiteddown-slope working life, as opposed to potential operation such as Istad,



Bjorkehagenetc - areasof low stripping ratios and near horizontal strata. It must be appreciated

that the fieldwork carried out in the summer of 1995 by the author centred significantlyon the
Mon-Vetlehagenquarriesinorder to establishthe potential reserves between them, to (although

purely academic) to discover the formationalprocesses involved and to establisha framework
for future studiesby identifyingthe structuralcontrolsof workeablerocks - see previous chapters.

Thus there is much potential for intensive additional studies at the suggested reserve areas,
includingthe possibilityof introducingdiamonddrillingon a large grid to establishthe workability

of skifer. Diamond drilling if done, rnust involve the production of large diameter samples for

geological analysisand basic geotechnical engineering( 0.15 m diameter samples). Again, the

author hopes that Voss Cementvarefabrikkfinds this report useful, or at the worst more useful
than previous reports, and also the hope that the University of Wales, Cardiff can maintain a

healthy relationshipwith the companyfor future student research.
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Cardiff,CF1 3YE, Wales, Great Britain.



Disclaimer

The author accepts no responsibilityfor any miningor quarrying developmentbased on

the information presented in this report 1tmust be emphasisedthat the work carried out by the

author between the dates of 01.07.95 to 04.09.95 is purely a preliminary reconnaissance

exploration project, and requires futher exploration surveys in support of any presented

information.

Hugh P. Bléthyn,Cardiff, Wales, 31.01.96
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