
X-ray diffraction intensity ratios of phyllosilicate reflections in 

cleavage- and bedding-parallel slabs: incipient development of 

slaty cleavage in the Caledonides of Jamtland, 

western central Sweden 

Hanan J. Kisch Department 01 Geology and Mineralogy, Ben·Gurion UniversHy 01 the Negev, P.C.B . 653, 

Beer·Sheva 84 105, Israel 

ABSTRAeT 

The ratio of the absolute intensities of a 001 phyllosilicate X-ray diffraction peak measured on cleavage (e)- and bedding 
(B)-parallel slabs, or the ratios of the relative intensities of a oollattice plane to that of a hkO or hkllattice plane, reflects the 
relative orientation of the phyllosilicate mineral in clastic rocks showing incipient slaty cleavage. The 1"", éIld I "jl ... r ..... "W. e/B 
ratios are usad as mica-orientation criteria. The dependence ofthese ratios on slab sizes below ca. 20 mmis minimized when 
the peaks are measured using suitable divergence/scatter slit pairs. These X-ray orientation criteria were measured on a 
series of Lower Paleozoic clastic rocks showing incipient slaty-cleavage development from the extemal ealedonides of 
Jamlland, westem central Sweden. In the extemallow-gradeareasthel ... Ae/Bandl ..... /I . .... A.wJI. e/B ratio s are smaller than 
unity in the 'diagenetic' (par)autochthon, and around unity in the low-anchimetamorphic lower thrust sheet. In the more 
intemal anchimetamorphic areas many rocks show a combination of low X-ray orientation (llIIA e/B = 0.3-0.9) with high c1b 
cleavagelbec<ling fissility ratios. This reflecls cleavage-domain development without appreciable rrica re-orientation, 
whereas the in crease in the X-ray e/B ratios foressentially similarc/b cleavagelbeddingfissility ratios reftects increased mica 
orientation in the cleavage domains and the microlithons at the expense of bedding-parallel micas, particLiariy in fold hinges. 
It appears that, at these incipient stages of slaty-cleavage development, the phyllosilicate fabric as expressed by !he X-ray 
orientation is a more sensitive indicator of local variations in strain !han !he cJb fissility ratio - apparenUy Ihe expression of 
cleavage-domain development-, which tends to be more uniform over a given area. 
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RESUMEN 

Razones de intensidad de difracción de rayos X de filosilicatos en lajas paralelas a la foliación 
y a la estratificación: desarrollo incipiente de clivaje de pizarra en las Caledonides de Jamtland, 
Suecia central occidental. La razón de las intensidadesabsolutasde un picoOOI de difracción de rayos Xde filcsilicatos 
medida en laas paralelas a la foliación (e) - ya la estratificación (B), o las razones de las intensidades relativas de plano 
001 y planos hkO o hkl, reflejan la orientación relativa de los filosilicatos en rocas elásticas que muestran incipiente clivaje 
de pizarra. Las razones 11IIA e/B y I ",/I"'SA"9.9' G/B se usan como criterios de orientación de las micas. La dependencia de 
estas razones con el tamaño de estas lajas menores que ca. 20 mm es minimizado cuando los 'peaks' S01 medidos usando 
pares de divergencia/dispersión adecuados. Estos criteriosde orientación por rayos X fueron medidos en una serie de rocas 
elásticas del ~aleozoico Inferior de las Galedonides extemas de Jamtland, Suecia central occidental. En as áreas extemas 

de bajo grado las relaciones l,oA G/B Y 1",/I •.• sÁ.,o.o' G/B son menores que 1 en el (para)autóctono 'diagerético', y alrededor 
de la unidad en la napa inferior con anquimetamorfismo bajo. En las áreas anquimetamórficas más internas, muchas rocas 

muestran una combinación de baja orientación (I'OA C/B=O.3-0,9) con altas relaciones de fisibilidad clb de clillajelestratificación. 
Esto refleja un desarrollo de dominios de clivaje sin una reorientación apreciable de las micas, mientras que el aumento 
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de las razones (C~) de rayos X para razones de fisibilidad c/b de clivaje lestratificación esencialmente similaIes, refleja un 
incremento de la orientación de las micas en los dominios de clivaje y en los microlitones, a costa de las micas paralelas 
a la estratificación, particularmente en chamelas de pliegues. Al parecer, en estos estados incipientes de desarrollo de clivaje 
de pizarra, la fábrica de los filosilicatos, expresada porsu orientación en rayos X, es un indicador más sensible de variaciones 
locales de la deformación que la razón de fisibilidad c/b- aparentemente la expresión de desarrollo de dominios de clivaje­
la cual tiende a ser más uniforme sobre un área determinada. 

Palabras claves: Clil'aje de pizarra. Difracción de rayos X. Fisibilidad, 'Crislalinidad' de illila. Anquimelamorfismo, Caledonides, Jamlland. 

INTRODUCTION 

As a simple means 01 quantilication ofthe intensity 

01 incipient slaty eleavages, Durney and Kisch (in 

press) proposed the cleavage/bedding (clb) lissility 
ratio, the dimensional ratio 01 the lissilities developed 

along the planes 01 eleavage- and bedding-Iabric 

anisotropy, as measured on lissility fragments of 

mudrocks in slightlyweathered outcrops. The intensity 

ofthis eleavage/bedding fissility is a function of several 

microtextural fack>rs, which inelude the original bedding 
fissility of the rock; the spacing, continuity (in the 
cleavage directi:>n), thickness, and smoothness of 

the eleavage domains; and the degree of eleavage-

parallel orientation of the phyllosilicate minerals, 

particularly in the eleavage domains. This paper uses 

a simple X-ray diffraction (XRD) method to quantify 

one ofthesefactors, thecleavage/bedding orientation 

ratio of the phyllosilicate minerals- which is often 

difficult to estimate by microscopic observation- as 

measured on two rock slabs cut respectively parallel 

to bedding and eleavage of the rock. 

The intensity of the 001 XRD reflections of phyl­

losilicate minerals as measured on rock slabs cut in 
different directions reflects both the amount of these 

minerals and their relative degree of orientation in the 

FIG. 1. Geological·tectonic sketch map 01 the 
western part 01 Jamtland county, 
Sweden. Geological details alter Gee 
(1975, Plate 1) and Gee and Kum­
pulainen (1980, Plate 1 ).Abbreviations 
01 some sample localities mentioned 

in the text: B=Bangasen; F=Friisiin; 
K=Krokom;L=Lillholrnsjii; N=Norderiin; 
NS=Norra Skarvangen; O=Offerdal; 
R=Riide;5o=Stol11olrnsjii; lI=Undersáker. 
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slab surface. If two slabs are cut in a rock in different 
directions, the ratio of the intensities of the same 001 
reflection in these two sections should reflect the 
relative orientation of the OOllattice planes. This ap­
proach can be used to quantifythe relative orientation 
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of the phyllosilicates in the cleavage (C) and bedding 
(B) planes of sedimentary rocks s10wing incipient 
slaty cleavage, and to assess its relationship to the cJb 
cleavage/bedding fissility ratio. 

MATERIAL STUDIED 

Polished sections have been prepared parallel to 
the B and C planes of 50 sedimentary rocks of 
Ordovician and Silurian age from the Jamtlandian 
nappes (Iower Allochthon) of the external Caledonides 
of Jamtland province, western central Sweden. The 
samples were collected from exposures with a large 
angle between the cleavage and the bedding in most 
of which, the degree of incipient metamorphism had 
been studied earlier (Kisch 1980; Padan et al., 1982). 
Cleavage/bedding fissility ratios were measured in 
the field on samples collected in 1992, and in the 
laboratory on some samples collected earlier in 1978. 
In most of the samples, the 'C' direction is an S, 
cleavage, but in at leastthree samples the 'C' direction 
is an S2 crenulation or crenulation cleavage, and the 
indicated 'B' direction, a probably bedding-parallel S, 
cleavage, for instance in N92-1 A Morsil, N92-10 
Halland/Undersaker, and N92-23 west of Ronnofors 
(quartz-poor crenulated slates). 

Most of the samples studied were collected from 
the Ordovician Follinge Graywacke Formation, and a 
fewfromthe overlying Lower-Silurian Bangasen Shale 
and Middle-Silurian Rode Sandstone Formations, 
from two anchimetamorphic areas in the internal part 
of the 'Follinge nappe' (Asklund and Thorslund 1935)­
the Morsil-Jarpen-Bangasen area to the south and 
the Follinge area to the north (for localities see the 
sketch map Fig. 1). The degree of metamorphism, as 

determined earlier (Kisch, 1980) and for the present 
study, is medium-grade anchizone to anchi-epizone 
(mainly 0.17-0.28°~2e in the <211m fraction) in the 
Morsil-Jarpen-Bangasen area and slightly lower­
grade, medium- and low-grade an::hizone (mainly 
0 .24-0.33°~2e in the <211m fraction) in the Follinge 
area. 

Two additional samples were studied from the 
middle-Ordovician 'Ogygiocaris shale' or Anderson 
shale on Norderon and Froson islands in the low­
grade anchizone of the more external underlying 
lowerthrust sheets ofthe southeastern Storsjon area­
the 'Sunne Nappe' of Thorslund (1940) and 'Froson 
Allochthon' or'Froson Nappe' of Gee andKumpulainen 
(1980, p. 30, 35). Stromberg et al. (1984) Jamtland 
map (also Gee and Kumpulainen, 1980, Plate 1) 
appeared to correlate northern Norderon- earlier 
included by Asklund (1960, 1961) in the frontal part of 
the overlying Follinge nappe (cf. Gee, 1975, Plate 1; 
Gee and Kumpulainen, 1980, Fig. 11)- with this Froson 
thrust slice. Note that the Jamtlandian nappes, in­
cluding the above-mentioned Sunne and Follinge 
nappes, are part of the lower Allochth':>n as used here. 
Three further samples come from the Ordovician of 
the even more external'diagenetic' Parautochthon or 
Lower Allochthon around Ostersund and autochtho­
nous Cambrian of Tasjoberget in the north. 

REUABIUTY OF THE INTENSITY OF THE 001 REFLECTIONS: EFFECT OF SLAB SIZE ANO OF 
DIVERGENCE/SCATTER SLlT APERTURES 

As a check on the reliability of the intensities ofthe 
1 O-Á reflections of illite/phengite, their ratios against 
those of the higher-order 004 5-Á reflections, as 
measured using the 10 divergence/scatter slit set, 
were plottedforthe e and B sections (Fig. 2). The 1'0/ 
ISA ratios in the C and the B sections show no systematic 

difference, but scatter widely around the 1/1 relation. 
This scatter appears, to a large extent, to be related to 

slab size: in the l,o/lsA C versus l,o/lsA B plot (Fig. 2), 
most points with a marked divergence from the 1/1 
relationship represent pairs of polished slabs whose 

sizes in the direction of the X-ray bea'Tl differ by more 
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FIG. 2. Intensity ratio 01 the iIIite/pheng~e 1 O-A and S-Á peaks (Imi 
ISA) In Ihe e and S slabs. Alllntensities measured using Ihe 
10 divergence/scatter slit sel. Open circles represenl pairs in 
which the e and S slab sizes in Ihe X·ray beam direclion 
dilfer by more Ihan 4 mm. 

than 4 mm, the 1,0llsA ratio of the smaller slab being 

anomalously low. This is evidentfrom a plot ofthe 1,0l 
ISA C/S ratios against the size ratio of the C and S slabs 

(Fig.3). 
Since many rocks disintegrate along either the C 

or S direction upon sawing, and the polished C and the 

S slabs are, therefore, unavoidably of different size, 

such slab-size dependence of the X-ray intensities 

used as parameters of the phyllosilicate orientation is 

undesirable: it is imperative to adopt X-ray settings 

that will minimize slab size-dependence of these X­

ray intensities. 
This size dependence must reflect the use of the 

1 ° divergence/scatter slit pair: for the Philips X-ray 
diffractometer used, the smallest 28 angle for the full 

utilization of a 1 ° beam-i.e., the smallest diffraction 

angle at which t,e sample completely intercepts the 

X-ray beam-for a 20 mm long specimen is 18.4°, 

corresponding to 4.83 A for CuKtl. radiation (Jenkins 

and De Vries, no date, p. 21). At smaller diffraction 

angles 28, such as 8.85°28 (10 A illite), par! of the 1 ° 

beam will bypass a 20 mm specimen (Fig. 4). This 

results in a decrease in intensity of these low-angle 

reflections relative to those of higher-angle peaks, 
such as 17.75°23 (5 A illite), 19.9°21} (4.46 A illite) and 

20.9°21} (4.255 A quartz) in small compared to large 
specimens that completely interceptthe 1 ° beam at all 

these diffractionangles, and thus, in a decrease in the 

1,0llsA and 1'0A(iU/¡Tl.)/I~.26A.20 S. (qz) intensity ratios. It might, 

therefore, be preferable to use the intensity of the 5-A 
rather than the 10-A iIIite peak as the parameter of 

phyllosilicate orientation, were it not for the fact that 
the 5-A peak is much weaker, being less than=160 

cps in several slabs, even using the 1 ° slit sets. 

For a '12° divergence/scatter slit pair, the smallest 

diffraction angle at which a 20 mm sample completely 

intercepts the X-ray beam is halved, i.e., equals 9.2°28 

(corresponding to 9.66 A for CUK(1 radiation), so that 

at 8.95°21} (1 OA) the 20-mm specimen almost com­
pletely intercepts the X-ray beam (Fig. 4); this increases 

intensity ratios, such as 11OI/ISA and l 'OA (ill/ph.!I~.26A.20.S.(qZ) 
compared to the 1 ° slit pair, but at the expense of 

absolute intensity. Specimen length less than 20 mm 

in the beam direction at '12° results in a smaller apparent 
sample surface at 9.2°21} and a concomitant reduction 

ofthe 1 o-A intensity, and thus effects a similar relative 

reduction in the above intensity ratios as do wider 

divergence/scatter slit pairs. 

The effect of the divergence/scatter slit set was 

tested by running 29 slabs both at '12°-0.2 mm-'f2° and 
1°-0.2 mm-1°. As expected, the intensities of all 

reflections show a marked decrease at '12° slits, but 

the l'OA (,I2.!I ,OA (1") intensity ratio shows a marked 
relationship with the slab size: the intensity 1'0A in the 
larger slabs is 0.36-0.52 of that at 1 ° (Fig. 5a) -this 

reduction in the intensity l'OA being of the same order 

as was measured on long slabs, where the intensity of 

the 1 o-A reflection using '/2° slits was about 0.37-0.44 

of that with 1 ° slits-, whereas smaller decreases in 1,0A, 

3 

• 
• o o 

o l· • 
• • - o __ i .. • o -. ~: o o _ '-l 

o -~ 

o o 

3 

Size e/s 
Open symbols : slab sizes e and B differ by more than 4 mm 

FIG. 3. Relalionship belween Ihe ralio 01 Ihe inlensily ralios l,n/lsA 
inlhe e and S slabs (I,nilsA elB) and Ihe slab-size ralio oflhe 
e and S slabs. 
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FIG. 4. Inlerceplion 01 '/2" and 1" X-ray beams ('/2 0 and 10 divergence/scatter slil seis) by a 20 mm speclmen al dlffraclion angles 01 8.85" 
and 17.75"211 (or4.4u and 8.9") lorlhe Philips X-ray diffraclomeler used, correspondinglo lhe 10-A and s-A diffraclion angles 01 lII~el 
phengile 10rCuK,x radialion. Al adnlraction angle 014.46"11 (1 oA) Ihe specimen almosl inlercepls Ihe '/2u beam, bJI nol allhe 1 u beam; 
a18.8u 11 (5 A) Ihe specimen almosl inlercepls Ihe 1 u beam. In Iheory, Iherelore, a diffraclion angle 014.4"- bul notal a dnlradion angle 
018.9"9 - a larger specimen should inlercepl a larger proportion 01 a 1" beam, and Iherelore, generale a slronger diffraction peak; 

as a resuH Ihe inlensily ralio 1""'1,./1"'1' ) should increase wilh sample size. 11, on Ihe olher hand, Ihe sample is irradialedmha '/2ubeam 
al 4.4" 11, and wilh a 1" beam al 8.9" 11, largerspecimens should nol inlercepl appreciably largerproportions ofthe beams in bolhcases, 
and Ihe inlensily ralio 1""'llIz.)II"AII") should remain unaffected. 

¡.e., I'OA ('I2.)/I'OA (,.)=0-54-0.69, are restricted to eight 
slabs of lessthan 18'12 mm inthe X-ray beamdirection. 

At '120 slits the intensities 14.26'A.20,8'(QZ) and ISA(iIVPhe) 
decrease somewhat more than I'OA' and are largely 
0.26-0.45 of that at 10 (excluding reflections with ISA (1I 

2")~80 cps) (Fig. 5b), but the ISA ('I2,,/I SA (,,)and 1208 ('12'/ 
120,8" (") ratios show very little systematic variation with 
slab size: ISA lill/phe) and 120.8" (qz) decrease by comparable 
amounts in large and small slabs. 

Some slabs of 18-20 mm show anomalously small 
values for al,1 three 1(112"/1(1") ratios (N92-6 C; N78-8A C, 
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478 C, 48 8): l,oA (,I2./I'OA (") ratios around 0.4 and ISA 
(1I2./ISA (") and 120.8" ('12./120.8' (") ratios of less than 0.3. 
These low intensity ratios are considered to reflect 
slab mispositioning. This was ascertained by plotting 

the l,oA(1I2../I'OA(''') and 120,8"(,12./120,8'(1") ra:ios fortre same 
series of 29 samples, some of which were inserted in 
two different positions (Fig. 6). The mispositioning is 
seen to result in a marked reductior of both 1('12,/1(,.) 
ratios. For specimens the size of the '/20 beam (i.e., 
=20 mm at 10 A), this reduction is due, mainly, to 
reduction of the peak intensity in the '12 0 beam, since 

0.7 
o 

'+ 
~ 

~ 
0,6 

d 

'" 
X 0,5 

o. DA '+ 
~ 

o« 
L() 0.3 

.. 

1 

~ 1 

~ i x ~ I ~ 
x ~ 

~i Xx 1 A X x~x ~-

* *..c~~ 
~ . ~ 

• o :::., ~ 'x~ 
x 4 X 

49B~47Be ~ 

478e. t . 
0.2 

10 15 20 25 30 

slab size (mm) 
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FIG. 6. Relalionship 01 Ihe 1(11 .. /1(0') inlensily ralios lor Ihe illite 10-A 

and the qua1z 20.8" reflections (1"", (lrl')""'A(") and la •• • 111'/ 

la •.•• (") lor 29 slabs, some 01 which were inserted in Iwo 
diflerenl po~~ions. The points lorlhe Iwo insertion posilions 
of Ihe same slab are connected. Mispositioning results in a 
marked redllclion 01 both intensily ralios lor mosl slabs. 

the slab shift UpC n minor mispositioning will move part 
of the slab out ot the narrower '12°, but not out of the 

broader 1 ° bean. 
The intensit~ ratios l,o/lsA at '12° and 1 ° slit sets 

have been plotted against the slab size for these 29 
slabs (Fig. 7). These plots showthat the (1 lO/IsA) 10 ratio 
tends to decrease much more than the (llO/lsA) 112' and 

l'OA('l2o!ISA(l 0 ) rati03 with decreasing slab size, indicating 
that the l'OA (1120 ) intensity is much less dependent on 
slab size than the I'OA (1") intensity, and therefore, more 
suitable as a phyllosilicate-orientation parameter. 

However, the US3 ofthe '12° slits has the disadvantage 
that many morE measurements, particularly of the 

weaker 5-Á peak, have to be rejected because of poor 
intensity. 

The most practical procedure, therefore, is to 
measure the intensity at 1 OÁ with '12° slits, and at 5Á 

(and 4.46 and 4.26 Á) with 1 ° slits: the I'OA (,I2.!l sA (1") 

intensity ratio (Rg_ 7) shows little variation with slab 
size. However, adoption of '12° instead of 1 ° slits for 
measurement of the 10-Á peak intensity has the 
disadvantage tllat at 10-Á (8.85°26) the beam just 

covers a 2 cm sample, and that therefore slight 
differences in insertion position upon repeated 
insertion, particu arly in case of irregular-shaped slabs, 

will cause major differences in I'OA- as confirmed by 
repeated runs a: '12°. Since this insertion position is 

difficult to reproduce exactly, the measurement of the 
1 O-Á peak with '12° slits and of the higher-angle peak 
with 1 ° slits should be carried out in the same insertion 

position, i.e., without removing the slab. 

When this has not been done, i.e., I'OA has been 
measured with '12° slits at an slab insertion position 
different from the measurements at 1 ° sl its, the value 

of intensity ratio l,oA('I2./I'OA(1") can be used as an 
approximate indication of mispositioning: if it is much 
lower than befits the slab size, this probably indicates 

an anomalously low I'OA ('12') due to wrong sample 
positioning with respect to the goniometer axis. This 

can be checked by re-measuringthe 10-Ápeakw~h '12° 
and 1 ° slits after careful re-insertion of the slab and 
without moving it between measurements; much 

stronger intensity at '12° and higher l'OA(,.'2.!I,OA(1") ratio 
than obtained earlier, indicates a formerly low intensity 
of the peak as measured with '12° slits due to wrong 

slab positioning. 
A possible alternative approach is measurement 

of all intensities using beams wider than the broadest 
slabs used (28 mm) -i.e., the 1 O-Á peak with 1 ° slits 
and the higher-angle 5-Á, 4.46-Á (19.9°26) and 4.26-
Á (20.8°26) peaks with 2° slits- and dividing all 

intensities bythe slab size. This gives higher absolute 
intensities, but peak-intensity ratios similar to that 
obtained by the method followed here. 
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FIG. 7. The intensity ralio I",/I'A asmeasured; a-bothpeaks measured 
with the 10 slit set (I",/I,.A,.); b- bolh peaks measured withlhe 

'/2" slit sel (1 ",/I'Altl.)' and c-the 10·A peak measured wilh 
the '/2" slil set and the S-A peak with Ihe 1 u slil set (1"",u,lIsA 
,.) , against the slab size lor 29 slabs. Four anomalous slabs 
discussed in the lexl are numbered. 1",/I5A ,.decreases with 

decreasing slab size, whereas I",/I'A 112" and I",Auzll5A 
Department 01 Geology and Mineralogy, Ben-Gurion 
University 01 the Negev, P.O.B. 653, Beer-Sheva 84105, 

Israel,. show almosl no marked syslemalic varialion. 
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CHOICE OF ORIENTATION CRITERIA 

Twotypes 01 intensity ratios can be usedto assess 
the relative orientation 01 the 001 lattice planes 01 
phyllosilica:es: 

the rat 001 the absolute intensities 01 the same 
001 XRD reflection in the cleavage- and bedding­

paralleJ slabs (hence relerred to as the C and S 
slabs). 

• the rati:> olthe relative intensities olthe rellection 
01 a OOl lattice plan e to that 01 a hkO or hkllattice 
plane in the C and S slabs. 
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FIG. 8. Ratio 01 the intensity ratios 01 the 10·A and 4.46·A·19.9" 
peaks 01 illite in the e and the B slabs. Note the relationship 
between the divergence Irom the inverse relationship between 

l"'AI,/I"'6A"!1.," e and B and the angle between the e and B 
directioos. 

The strcngest 001 rellections 01 the phyllosilicate 
minerals, ;.e., the 002 rellection 01 illite/phengite at 

10A and the 002 rellection 01 chlorite at 7 A. were 

selected lor study. The strong 111 rellection at 4.46 A 
(19.9° 28 at CuKu) was taken as representative 01 the 
hkO-hkllatt lce planes. 

Very weak XRD peaks with <120 cps «1 '12 cm at 
2,000 cps lull scale) were not considered. 

The orientation parameters 01 the second type, 

such as the '0/1'9.90 C/S ratio 01 the relative intensity 01 
the rellection 01 this OOllattice plane to that 01 the hkl 
lattice plane at 4.46 A (1 9.9° 28 at CuKu), are virtually 
unallected by dillerences in the quartz content (se e 

below). Admittedly, since the 1'9.9. intensity in a C slab 

is at a maximum when the B labric is orthogonal to it 

and vice versa, the 110/1'99" ratios in both the C and S 
slabs will increase as a lunction 01 divergence 01 the 
angle between these directions Iromthe perpendicular 
(Fig. 8). However, this increase is the same lor the C 

and S slabs, and will, therelore, cancel out in the 1'0/ 
1'9.9. C/S ratio 01 these relative intensities. 

The absolute intensities ofthe 001 reflections, used 
in criteria 01 the lirst type should be strongly affected 
by lithological inhomogeneities: sÍ'lce many 01 the 
rocks have an inhomogeneous bedding lithology, the 
C section 01 such samples unavoidably traverses 
lithologies slightly different Irom the more unilorm 
lithology in the S slab, as evident Irom the markedly 
different intensities 01 the rellections 01 quartz (and to 
a lesser extent calcite and leldspar) in some 01 these 
slab sets.ln orderto showthe ellect:>1 different quartz 
content in the C and S slabs on the C/S ratios 01 the 
uncorrected I lOA intensities, these we.re plotted against 

the 110/1'99" C/S ratio 01 the relative intensities 01 the 
rellection 01 this 001 lattice plane to that 01 the hkl 
lattice plane at 4.46 A (19.9° 28 at CuKu) in the C and 
S sections (Fig. 9a). A good linear relationship with a 
correlation coellicient 01 0.994 is obtained, whereby 
the slab sets with markedly different quartz contents, 

as evident Irom 1120.8 , (qz) C-Sb400 cps (marked bytheir 
sample numbers) show the widest- although still 
minor- divergences Irom the regression. 

In principie, the absolute intensities 01 the phyl­
losilicate rellections could be normalized to those in 

quartz-Iree samples bycorrectingthemwith relerence 
to the intensity 01 a quartz X-ray rellection. For this 
purpose, the quartz content 01 the sample has to be 
estimated with respect to X-ray diffraction intensities, 
measured on standard slabs 01 known quartz content, 
such as apure quartz sandstone. Since the strongest 
quartz rellection at 3.343 A (26.64° 2!i at CuKIl) usually 

is not resolved Irom the strong illite 006 rellection at 

3.33 A, the second strongest quartz rellection at 4,255 

A (20.86° 28 at CuKlY.) must be used. A similar 1'0/1'9.9. 
C/S versus I'OA C/S plot using quartz-corrected I'OA 
intensities (Fig. 9b) shows a distinct. but subordinate 
improvement 01 the correlation. However, ir. view 01 
optical evidence that the quartz itsell tends to beco me 
c-axis reoriented in the course 01 cleavage lormation, 
thereby, relatively enhancing the intensity 01 the 
prismatic 1010 rellection at 4,255 A :20.86° 28) in the 

C slab, uncorrected I'OA values were used. 

Both types 01 orientation parameters, I'OA C/B and 

l,o/I'9.9,.C/B, were used interchangeably. 
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FIG. 9a. Relatlonship between the orlentatlon parameters, I.e .. a· 

the ratio 01 the intensHy ratio I"'AI s.)/I",,. in the C and ~ slabs 
(I"'AI"/I",,. CIB) and b-the Intensity ratio ofthe lO-A peak 

as measured with the 1/2" slit set in the C and B slabs (1"", 

s' CIB). SalJllles wHh major diflerences in quarlz content 

between theC and B slabs as apparent Irom the difference 

between the rntensities 01 the quarlz 20.8" peaks (i lal.II',,-la10 
01>500 cps) show the widest divergence Irom the linear 

relationship. The regression given Includes the lour points 

outside the plol. 

10 

al 
+ 

() 

~ 
ai 

~ 
'" ... 
-i 
~ 

0 .1 "l 
-< o 

0.01 
0.01 

y • 0.946 • x·(1.49) R = 0.923 ~/i 

,/, 

;o 
/ I ~e O e / 

e~e 
O 

:¡ 
$ 

e/ e 
°e' 
~ 

/e ,. 
y 

/ 

/ 

" 

0.1 1 

110A(.S.>,(6000 - 120.so) C+B 

Open circles : 1120.8"C - 120.8"BI > 500 C.p.S . 
Ou1side plo, : N92·1 O, 14B, 23: N78-3A 

10 

FIG. 9b. As in figure 9a forthe quartz-corrected dllfractograms, the 

1""'1.'1/(6000-1""0') CIB ralio being used as the X-axis 
parameter instead 01 1"", I S' ) CIB . Note the reduction ofthe 
divergence 01 1he samples with major differences in quarlz 

content between the C and B slabs. The regression given 

includes the lour points outside the plol. 

RESULTS 

X-RAY PHYLLCSIUCATE ORIENTATION ANO ITS 

REGIONAL VARIATION 

The I'OA and l,ojl'99" C/B ratios in all samples 
studied, range respectively from 0.04 to 29 and from 
0,007 to 198 (Table 1); the ranges are 0.13-5.6 and 
0.04-6.4 in all, except four samples (N92-10 with 
lower, N92-14B, 23; N78-3A with higher values). 

The five samples from the external low-grade 

areas show low LOA C/B ratios and 1,0,/1,9.9- C/B ratios 
of, respectively, 0.22-1.0 and 0.10-1.15, less than 
unity in the 'diagenetic' parautochthon at Ostersund 
(samples N78-65B and N78-66B) and autochthon of 
Tasj6berget (sarrrple N78-19), and around unity in the 
low-anchimetamorphic lower thrust sheets (samples 
N78-59A and N73-63). The differences between the 
ranges for the various areas are rather smaller than 
expected from the differences in metamorphic grade 
as determined u~ing illite 'crystallinity' (IC). 

In 13 of the 22 samples from the more internal, 

medium-anchimetamorphic to anchi-epimetamorphic 
M6rsil-Járpen-Bfmgasen area to the west, the range 

of the X-ray C/B ratios is rather similar, with I'OA C/B 
between 0.29 and 1, and l,ojI199' C/B between 0.14 
and 1.15. Exceptions are N92-3, 5A, 5B and 10 with 

lower ratios 110A C/B<0.20 and 1,0Jl,9.9" C/B mostly ~0.06, 
and the siltstone and silty mudstone N78-47A, 48A, 
and the siltstone N92-9A from close to the thrusts of 

the Sárv and Seve nappes, with higher ratios I'OA CI 
B=2.5-5.6 and 1'0,/1'99' C/B=5.4-6.4. 

The ratios in 17 of the 20 samples from the 
medium- and low anchimetamorphic F6l1inge­
Skárvangen area cover a slightly higher range, with 

I'OA C/B between 0.34and 4, and l,ojI199' C/B between 
0.23 and 4.75. One sample (N92-15H) has somewhat 
lower ratios, and the samples Storholmsj6 N92-14B, 
collected 2 km east of the thrust of the overlying 
Offerdal thrust sheet, and N78-3A have much higher 

110A C/B ratios of 27-29, and l,ojl'9 9 C/B well over 100. 
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TABLE 1. LOCALlTIES ANO DATA FOR THE STUDIED SAMPLES: CLEAVAGE/BEDDING FISSILlTY RATIOS, SLAB SIZES, 
PHYLLOSILlCATE ORIENTATION PARAMETERS 110Á(.5") C/B ANO 110Á(.5u¡ll4.4SÁ-19.9° C/B, AND PHENGITElILLlTE 
'CRYST ALLlNITIES' (10-Á HALF PEAK-HEIGHT WIDTHS) MEASURED ON THE SLABS. 

Sample No. 

MOrsll--Jiirpen-3iingAsen .ea 
N92·1A·crenulaced slate 
N92·2·silty mudstone 
N92·3-silty mud>tone 
N92-4B-silty mudslone 
N92-4C-silty ml.dslone 
N92-5A 
N92-5B 
N92-6-siltslone 
N92-7 
N92-8-siltslone 
N92-11B 
N78-42 
N78-43 
N78-44A-sandsione 
N78-44B-silty rT1lJdslone 
N78-46A 
N78-4 7 A-siHslo.e 
N78-47B 
N78-48A-silty rT1lJdstone 
N78-49 
(ne. "'rusl 01 Seve nappe) 
N92-9A·siltstone 
N92-10-crenulaled slate 

FlIlllnge-Sklirvangen area 
N92-15B 
N92-15D 
N92-15E 
N92-15F-silty mJdstone 
N92-15G 
N92-15H-silty mudslone 
N92-17A 
N92-18A 
N92-18B 
N92-20 
N78-3A 
N78-4A 
N78-5 
N78-7-siltslone 
N78-8A 
N78-1 t B·silty rrudslone 
N78-14 
N78-16A 
(near "'rusl 01 :>IIerdal nappe) 
N92-14B 
N92-14C 

Easlem low·grade areas 
N78-19 
N78-59B 
N78-63 
N78-65B 
N78-66B 

Northwesl 01 Tasllln 
N78·27 

Wesl 01 RlInnéWors 
N92·23 
N92-24 

Locallly 

WMOrsil 
WMOrsil 
Jiirpen 
E Morstl 
E Morsil 
E Morsil 
E Morsil 
E Morstl 
Rode 
R6de 
8ángasen 
Bangásen 
Bángásen 
E Jarpen 
E Jarpen 
E Járpen 
Morsi~Jarpen 

Mórsil·Jarpen 
E Morsil 
Morsll-Matlmar 

Undersaker 
Undersaker 

W F6t1inge 
W F611inge 
W F611inge 
W F611inge 
W F6111nge 
W Follinge 
NWFollinge 
Follinge-Skarvangen 

Follinge-Skarvangen 
F61linge-LillholmsjO 
Krokom-F6l1inge 
W F611inge 
W F611inge 
F61linge-Lillholmsjo 
NW F611inge 
Skiirvángen 
F6l1inge-Skarvangen 
LovsjOn 

StorholmsjO 
StorholmsjO 

Tásjoberget 
N Norder6n 
N Fr6san 
N Óstersund 
Bránnasen 

Sjoutiitven tunnel 

W Aónnofors 

Djupsjon 

c/b 

(morphology) 

1.50 
1.00 
1.50 
1.75 

0.67 
0.50 
3.00 
1.00 
1.00 
2.50 

0.67 

2.00 
0.67 
2.00 
1.00 

3.00 
0.34 

1.00 
2.00 
2.00 
2.00 
2.50 
1.00 
2.00 
2.50 
2.50 
1.75 

4.00 
1.50 
1.25 
1.00 

6.00 

3.00 
3.00 

1.00 
1.00 

1.00 

3.00 

Sla 
(mm) 

e Slab 8 Slab 

26.0 
25.0 
26.0 
28.0 
28.0 
27.5 
21 .0 
18.0 
27.5 
27.0 
26.0 
25.0 
27.5 

18.5 
27.0 
28.0 
18.5 
27.5 
26.5 

27.5 
20.5 

20.0 
28.0 
22.0 
28.0 
28.0 
29.0 
18.5 
25.0 
15.0 
25.0 
27.0 
27.0 
27.0 

18.0 
26.5 
28.0 
28.0 

26.0 
29.0 

28.0 
24.0 
22.0 
22.0 
25.0 

24.5 

27.0 
27.0 

27.0 
27 .0 
27.0 
26.0 

24.0 
26.0 
22.0 
25.0 
26.0 
28.0 
27.5 
25.0 

18.5 
13.5 
28.0 
28.0 
28.0 
18.0 

26.5 
26.0 

27.0 
21.0 
26.0 
27.0 
27.0 
28.0 
15.0 
27 .0 
24.0 
25.0 
13.0 
25.0 
16.5 

15.0 
28.0 
21.0 
28.0 

13.0 
28.0 

28.0 
25.5 
20.0 
26.0 
28.5 

23.0 

28.0 
28.0 

e/8 

0.526 
0.721 
0.177 
0.896 

0.192 
0.132 
0.584 
1.41 
0.555 
0.644 
1.02 
0.507 
1.02 
0.799 
1.00 
2.47 
0.316 
5.59 
0.582 

2.88 
0.042 

0.672 
1.20 
0.412 
0.705 
1.68 
0.229 
0.451 
0.709 
2.43 
0.335 

28.9 
1.93 
0.923 
1.39 
1.24 
4.00 
1.16 
1.21 

26.8 
2.76 

0.836 
1.03 
0.637 
0.212 
0.629 

5.11 

24.2 
1.95 

e/8 

0.204 
0.681 
0.181 
0.737 

0.061 
0.043 
0.557 
1.36 
0.699 
0.554 
1.15 
0.424 

0.470 
0.929 
5.36 
0.144 
6.44 
0.353 

5.76 
0.007 

0.511 
0.885 
0.393 
0.767 
1.33 
0.152 
0.300 
0.396 
2.75 
0.226 

198 
2.67 
0.788 
0.927 
2.01 
2.71 
1.02 
1.00 

149 
4.75 

0.961 
0.746 
0.780 
0.104 
0.389 

5.78 

258 
1.42 

8' (hphw) 
("d2U) 

e Slab 8 Slab mean wtd 

O.IBO 0.180 
0 .160 0 .195 
0.145 0.140 
O.IBO 0.190 
0.135 
0.157 0.170 
0.135 0.162 
0.135 0.180 
0.210 0.200 
0.137 0.210 
0.135 0.185 
02J5 0.195 
0.135 0.160 

0.1.$2 
0.154 
0.132 
0.152 
0.131 
0.175 

0.1.45 
0.210 

0.220 
0.210 
0.215 
0.230 
0.220 
0.230 
0.225 
0.218 
0.205 
0.230 
0.256 
0.252 
0.2.46 
0.2')0 
0.250 
0.190 
0.230 
0.250 

0.225 
0.210 

0.290 
0.237 
0.225 

0.142 
0.170 
0.203 
0.172 
0.220 
0.177 

0.155 
0.150 

0.220 
0.210 
0.200 
0.250 
0.280 
0.195 
0.215 
0.215 
0.210 
0.210 
0.245 
0.250 
0.225 
0.198 
0.322 
0.180 
0.220 
0.230 

0.265 
0.230 

0.290 
0.233 
0.338 

0.180 
0.181 
0.141 
0.185 

0.167 
0.166 
0.182 
0.206 
0.201 
0.190 
0.200 
0.169 

0.142 
0.166 
0.196 
0.170 
0.188 
0.176 

0.148 
0.153 

0.220 
0.210 
0.205 
0.255 
0.242 
0.205 
0.218 
0.216 
0.207 
0.215 
0.256 
0 .252 
0.238 
0.199 
0.278 
0.188 
0.226 
0.240 

0.226 
0.215 

0.290 
0.235 
0.299 

0.232 0.271 0.269 
0.2.40 0.230 0.234 

0.190 0.177 0.188 

0.1;;0 0.220 0.163 
0.130 0 .160 0.140 
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DIFFERENCES IN MINERALOGY IN THE CLEAVAGE 

ANO BEOOING DIRECTIONS 

Differences in phyllosilicate mineral ratios 

It is of interest to assess whetherthe illite/phengite 
and chlorite are reoriented into the cleavage direction 
to a different extent, i.e. , ~ their ratio in the e and B S8C­

tions of the same sample are different, and if this dif­
ference changes as cleavage development intens~ies. 

lo this purpose, the parameter 110A/(il /pl1./17A (chI) e/B 
ratio was investi¡;ated. When plotted against the 1

10A
(il l 

phe) e/B ratio parameter of increasing cJeavage devel­

opment (Fig. 10) the 110A(ill/Phe/17A (ehl) e/B ratio shows a 
distinct tendency to increase with the degree of 
preferential oriertation of phyllosilicate, from 0.4-0.8 

at 110A(ill/phe) e/B<O.4 to ca. 0.9-2 at 110A(iIVphe) e/B> 1.1. The 
esections in sa~les with poorly developed cleavage­
parallel phyllosilicate orientation thus have lower illite­
phengite/chlorite ratios (are relatively more chlorite 
rich) than the corresponding B sections, whereas with 
increasing cleavage-parallel phyllosilicate orientation 
this relation becol1es reversed, the e sections having 
higher iIIite-phengite/chlorite ratios than the cor­
responding B-sections. Apparently, the phyllosilicate 
to be initially re-oriented or newly formed in the 
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FIG. 10. Relalionship belween Ihe illhe/ehlorile ratio as expressed 

by Ihe Imi"A ralios in Ihe e and B slabs, and Ihe orienlation 
parameler ',,10(.5') eIB. The e slabs in samples with poorly 
deve/oped e/eavage-paralle/ phyllosilieale orienlations are 

relatively ehlorite-rieher Ihan Ihe B s/abs (I'''//'A eIB rallos 
< 1); wilh inereasing e/eavage-paralle/ phyllosilieale orien­
lallon Ihis relationship lends lo reverse. 

cleavage direction is predominantlychlorite, becoming 
gradually more illite-predominant as cleavage-parallel 
orientation intensifies. IIlite-phengite thus beco mes 
reoriented more than chlorite as the cleavage-parallel 
orientation intensifies- presumably with increasing 
deformation. 

Differences in chlorite compositions in the 
cleavage and bedding direction 

In order to assess whether there are measurable 
differences between the compositions of chlorite pref­
erably oriented in the cleavage and bedding directions, 

the 17A (chI 002/1 •. 7A (chl 003) ratio, which rises with Fe/Mg 
content ofchlorite (Brindley 1961 ; Kepezhinskas 1965; 
Bailey 1972), was investigated in the e against the B 
sections. 

In ordertoverify ifthe 17A(chI/I • . 7A(chI) e/B ratio possibly 
varies with degree of cleavage development, it was 

plotted against the 110A (ilVphe) e/B ratio, the parameter of 
increasing cleavage development (Fig. 11). No distinct 
correlation was observed: the weak tendency for the 

17A (chil• 7A (chI) e/B ratio to be somewhat smaller than 
unity, ¡.e., slightly more Mg-rich chlorite compositions 
in the e sections, appears to be independent of the 
degree of cleavage development. 

o· 
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F/G. 11 . Relationship belween Ihe FelMg ratio in eh/orite in Ihe e 
and B slabs as expressed by Ihe /,/', 'A ratio, and Ihe 
orientation parameter /"'A( 5'1 elB. The eh/oriles 01 Ihe e 
s/abs lend lo have very slighlly /ower FelMg rallos. 
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FIG. 12. Relati·)nship between the illite 'crystallinity' measured on 
both tle e and S slabs and the orientation parameter 1",. 

1" 1 e/B.. Where necessarylorclarity, the points representing 
appre:iably different illite 'crystallinities' 01 the e and S 
slabs 0)1 the same sample have been connected by vertical 
lines. Sample numbers are given lor some samples 
discussed in the tex!. The two regressions reler to the e 
slabs ,)1 the mudstones 01 the Morsil-Jarpen (long dashes) 
and tre Follinge (short dashes) areas. 

Difference in illite 'crystallinity' between the 
cleavage and bedding direction 

lIIite 'crystallinity' was measured on the slabs in 
order to det3ct systematic differences, In figure 12, 
the 1 o-A hal-height peak widths are shown for both, 
the e and S slabs of each sample; the regional 
variations are better illustrated by the weighted mean 
peak widths of both slabs, ¡,e" the sum of peak width 
times peak 1eight in each of the e and S sections, 
divided by the sum of the peak heights (Fig, 13), 

Due to tl-e predominance of clastic micas, the 10-
A peaks are much narrower than in the separated <2 
11m fractions. The differences measured between the 
e and S slahs were small, exceeding 0.03°628 only in 
ten slab sets. In most samples of all areas, the IC 
values in th3 e slabs are only between 0,025°628 
broader anc 0.01°628 narrower than in the S slab 
(Fig. 12). This reflects the predominant orientation of 
the more crystalline coarse clastic mica in the S 
direction, a1d a tendency to deterioration of its 
'crystallinity' in the cleavage direction, presumably as 
a result of growth of less 'crystalline' anchimetamorphic 
micas. Nevertheless, small but consistent differences 
in slab-measured illite 'crystallinity' between areas, 
and a distinct relationship with the degree of C-

263 

parallel fabric were detected, 

In the five mudstones of the eastern low-grade 

areas, with I'OA e/s invariably <1, the weighted mean 
peak widths were 0,23-0.30°628, with differences of 
only up to 0,01 °628 between the e ar.d S slabs, except 
for one particularly quartz-poor ca careous sample 
from Fresen (N78-63), in whichthe le inthe esection, 
is appreciably narrower (0,225°628) than in the S 
section (0,348°628), 

Very narrow mean weighted peaks of 0,14-
0,20°628 were measured on slabs of the ten Mersil­
Jarpen-Sángásen mudstones with low I'OA e/s ratios 
~1 , and on all siltstones and silty mudstones, indicating 
the predominance of clastic micas, In thecases where 
le on the <211m fractions had also been determined, 
these values were 0,20-0,27°628-0,05° to as much as 
0.1 °628 broader- confirming the aboye conclusion, 

Slabs ofthe eight Fellinge mudstones with similarly 
low I'OA e/s ratios of <1 consistently yielded somewhat 
broader mean weighted peaks of 0.20-0.22°628, in two 
cases around 0,24-0,25° (N78-5, N92-15F). The le 

Qpen symbols : siltstone and s~ty mudstone 

FIG. 13. Relalionship belween Ihe weighled mean illile 'cryslallinity' 

01 the e and S slabs and !he orienlation parameter l"'AWI 
e/s lorsamples lrom Ihe variousareas. The meanweighted 
peak width equals the sum 01 haK·he ght peak width times 
peak height in each 01 Ihe e and S se::tions, divided by the 
sum 01 the peak heighls. Sample numbers are given lor 
some samples discussed in the tex!. The two regressions 

reler to the mudslones 01 fhe Morsil·Jarpen (long dashes) 
and the Follinge (short dashes) areas. Note the distinctly 
betler illite 'crystallinities' (narrower 10-A peaks) in the 
Morsil·Jarpen area than in the Follinge area. The 
deteriorating ilme 'crystallinny' with increasing cleavage­
parallel phyllosilicate orientation in beoth areas, reflects the 
increasing lormation 01 metamorphic at expense 01 the 
clastic micas. 
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values on the e slabs of these slates were largely 
similar or up to cnly 0.02°A28 broader than in the B 
slabs (Fig. 12), indicating relatively little newformation 
of 'anchimetamorphic' mica in the cleavage direction. 
Although mostly somewhat broader mean weighted 
peaks within the range 0.205-0.255° A28 were 
measured on nin:'l of the ten Follinge slates wtth I'OA el 
B ratios of > 1 (one sample, N78-3A, has=0.28° A26), 
the le values on the e slabs of most of these slates 
were also almost invariably similar or broader by up to 
0.02°A2fl than in the B slabs (except in three samples 
with very poorly 'crystalline' mica,le ~0.265 °A28, in the 
B slab, N92-14B, 15G; N78-8A); this reflects the 
increased recrystallization and new formation of new 
micas (with 'crystallinities' poorer than those of the 
clastic micas) in the e fabrico 

In two silty-mudstone samples from the Morsil 
area (N92-2, N7S-48A) le was appreciably narrower 
(by 0.035-0.04° A28) in the e than in the B slab; one of 
these has an unusually high I'OA e/s ratio of more than 
5. le was also much narrower (by 0.04°A26) in the e 
than in the S slab in one sample (N92-14S) with an 
exceptionally high I'OA e/s ratio of 26, from west of 
Storholmsjo, wes1 of the Follinge area; this observation 
and the exceptionally broad, but weak loA peak 
(0.265°A28) in the S slab of this sample reflects the 

high I'OA e/s ratio. 
The distincly narrower le values of both the e slab 

and the weighted mean of mudstones in Morsil ­
Jarpen-S~mgáSEn area than of those in the Follinge 
areas (see regressions in figures' 2, , 3) reflect the 
higher degree o" anchimetamorphism in the former 
area. Despite th s difference in metamorphic grade, 
both areas show the same tendency for the weighted 
mean le values as measured on the slabs to broaden 
towards those of the les s 'crystalline' metamorphic 
mica, with increé.sing cleavage-parallel phyllosilicate 
orientation (Fig. 13), reflectingthe increasedformation 
of anchimetamcrphic at the expense of the more 
'crystalline' clast c micas. 

PHYLLOSILlCATE ORIENTATION, MICROFABRIC 

ANO FISSILlTY MORPHOLOGY 

Note: this section refers only to the N92 series and 13 N78 

samples on whicl cleavage/bedding fissility data were 

obtained. 

There exists a rather crude correlation between 
the cleavage/bedding fissility ratio introduced by 
Durney and Kisch (1991) and the parameters of 

phyllosilicate orientation (Fig. 14): the samples with 
cleavage/bedding fissility ratios of <1 mostly have I'OA 

(illlphe) e/s ratios of less than 0.4 (1'0/1'9.90 e/s <0.2), 
whereas samples with higher cleavage/bedding fissility 

ratios have l'OA(ill/phe) e/s ratios of 0.4 to as high as 27 

(1'0/1'99' e/S=0.2-150). 
Seventeen Follinge samples, fourteen slates, two 

silty mudstones, and one siltstone show relatively 
high c/b fissility ratios of 1-6 (no reliable measure­
ments are available on three samples, N78-3A, 11 S 
and 16A). Seventeen Morsil-Jarpen samples, eight 
slates and siltstones and nine silty mudstones­
excluding the Hálland/Undersáker sample N92-10 
from near the thrust of the Sarv and Seve nappes to 
the west- yielded somewhat lower c/b fissílity ratios of 
0.50-3 (no reliable measurements are available on 
five samples, N78-42, 43, 44A and 46A, and N92-4e). 

However, in most of the samples with the most 
common intermediate c/b cleavage/bedding fissility 
ratios of 0.67-3 from both areas, these values are not 
apparent from the rather low XRD intensity ratios­

l'OA<0.92 and 1'0/1'9.9" e/S<0.78. 
Petrographical inspection of thin sections shows 

that most S-predominant slates and interbedded fine 
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FIG . 14. Relalionship belween Ihe cleavagelbedding Ilsslllly ratio 

and Ihe orienlalion parameter I""I.,.)CIB. Sample numbers 
are given lor some samples discussed in Ihe lexl. The Iwo 

regressions reler lo Ihe mudslones 01 Ihe Méirsil-Jarpen 
(long dashes) and Ihe Féillinge (short das hes) areas. Note 
the higher cleavage/bedding fissility ralios in Ihe Féillinge 

area compared lo the Méirsil-Jarpen area. even lor samples 
wilh similarvalues 01 I"'A( 5") CIB despite Ihe somewhal lower 
anchimelamorphic grade 'rom Ihe <2-~ m lIIite 'crystallinlties' 
in the Follinge area. 
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mudstones with this combination of relatively good 
cleavage/bedding fissility ratios of 0.67 to 3 with I 'OA(iOI 
phe) G/B intensity ratios less than unity have either: 

discrete crenulation cleavages, e.g., N92-1 A 
(weathering in long pencils with VG""10), or 
domainal cleavages with poor to reasonable 
continuity (Iength/spacing ratio S:1, or<0.2 mm), 
e.g., N92-1 1B, 1SB, 1SE, HA, 18A, 20, N78-47B. 

In both cases there is no significant mica devel-
opment in the cleavage domains orG-parallel mica re­
orientation in the microlithons, and there is abundant 
bedding-parallel clastic mica. The good cleavage/ 
bedding fissility ratios thus reflect the development of 
cleavage domains. 

Two Morsil shales with low clb fissility ratios of O.S-
0.7, N92-SA and SB (s ame exposure as N78-48), 
incidentally, are those with the strongest B-pre­

dominance of mica (llOA G/B::O. 1 -0.2) of the sample 
series from these areas; the thin section of N92-SB 
shows weak microfolds without development of 

cleavage domains. 
Several silty mudstones and quartz-rich siltstones 

show asimilarcombination of relatively good cleavage/ 

beddingfissility ratios with a low l'OA(iIVPhe) G/B intensities 
(Morsil N92-2, 3, 4B, 6, N78-44B; Rode N92-8: Follinge 
N92-1 SF, H). The quartz-rich siltstone N92-6 from a 
fold hinge, with a good cle?vage/bedding fissility ratio 

of 3, but a low l'OA(iII/pIle) G/B intensity ratio of 0.S8, has 
distinct sharp, but discontinuous cleavage domains 
and a poorly marked bedding fabrico Several other 

silty mudstones and quartz-rich siltstones with similar 

or somewhat higher I'OA (ilVphe) G/B intensity ratios of 
0.SS-0.80, but lower cleavage/bedding fissility ratios 
of 0.7-2, showonly irregularjagged cleavage domains, 

e.g., the silty mudstones Morsil N92-2 (same exposure 
as N78-47), N92-4B and N78-44B, and Follinge N92-

1 SF (I'OA G/B :: 0.7-0.9), or no cleavage domains at all, 
e.g., Rode N92-8 (I'OA G/B::O.SS). The retarded de­
velopment of cleavage domains in these coarser­

grained rocks at relatively high I'OA G/B ratios probably 
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reflects the scattered phyllosilicate distribution and 
the poor bedding-parallel fabric pricr to deformation. 

In virtually all these samples the illite/chlorite ratio 
l,o/17A in the G slab is similar or lowerthan in the B slab, 
indicating relative predominance of chlorite in the 
poorly developed cleavage domains ,:as noted befo re ). 

Markedly stronger G-parallel XRD mica orienta­

tions, with 1 'OA G/B> 1, were measured in samples 
from fold hinges and in siltstones and silty mudstones: 

thefold-hinge Follinge slates N92-1 SG, N92-1 8B,N78-

8A,N78-1 4(I'OA GIB::1.68,2.43,1 .24,1.16) and quartz­
sikstone N78-7 (l,oA GIB::1 .39); 
the Morsil quartz-siltstone N78-47A and fine-silty 

mudstone N78- 48A (I'OA G/B::2 47,5.59); 
the fold-h inge Halland/Undersaker quartz-siltstone 
N92-9A(I,oA G/B ::2.88), collected close to the 
thrusts of the Sarv and Seve nappes, and 

the Storholmsjo slates N92-1 4B (I,oA G/B::27) and 
1 4G (I'OA G/B::2.76) collected close to the thrust of 
the Offerdal nappe. 
In these slates and fine-silty mudstones, these are 

also evident in thin section, the fine mica being pre­
dominantly parallel to G, mostly strongly domainal, 
virtually without coarse mica in the bedding (except in 
the quartz-siltstones N92-9A, N78-7 and N78-47A), 
but not markedly in the similar or slightly higher 
cleavage/bedding fissility ratios of 1 -3-6 in one sample 
(N78-14). In one sample (Rode N92-7), the higher I'OA 
G/B::1.4 1 is not evident in either. 

The increased I'OA G/B ratio thus, mainly reflects 
increasing orientation of the mica in the cleavage 

doma in s and in the microlithons in the slates and 
mudstones, and mica orientation with poor cleavage­

domain development in the siltstones, w~hout a marked 
concomitant increase in the clb cleavage/bedding 

fissility ratio. 
The phyllosilicate fabric thus, appears to be a 

more sensitive indicator of local increases in strain, for 
instance in the fold hinges, than the clb cleavage/ 
bedding fissility ratio , which is more uniform over a 

given area. 

CONCLUSIONS 

The I'OA G/B and l,o/I'99 .. G/B ratios as measuredon 
cleavage- and bedding-parallel slabs can be used as 

phyllosilicate orientation parameters . The c/b 
cleavage/bedding fissility ratios increase in a very 

general way with the I'OA G/B and I,ú/I,u. G/B ratios, 
but several rocks show high c/b deavage/bedding 

fissility ralios for ralher smalll'OAG/E and 1'0./1'9.9' G/B 
ratios , reflecting presence of poor or moderate cleav-
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age domains Wilhout significant illite development, 
and microlithons with only minor C-parallel mica re­
orientation and abundant bedding-parallel clastic mica; 

markedly higher 1'0A C/B and 1'0,/1'9.9' C/B ratios were 
measured, particularly, in samples from fold hinges, 
reflecting development of a strongly domainal fabric 
with a predominant cleavage-parallel mica orientation 
and very little bedding-parallel coarse mica in the 
microlithons. 

Thus, stages of cleavage formation characterized 
by intermediate cleavage/bedding fissility ratios­
apparently the expression of cleavage-domain 
development- are not necessarily accompanied by 
marked cleavage-parallel phyllosilicate orientation; 
strong phyllosilicate orientations are developed mainly 
in fold hinges and close to thrusts of the overlying 
metamorphic nappes in association with similar or 
only slightly higher cleavage/bedding fissility ratios . 

Comparison of the 1'0A C/B and 1,0,/1'99' C/B ratios 
with indicators of the intensity of incipient cleavage, 
such as the clb cleavage/bedding fissility ratio, and 
the extent of authigenic phyllosilicate formation, such 
as illite 'crystallinity' as measured on the polished 
slabs, yields distinct differences between are as. In 
each of these areas, the iIIite 'crystallinities' as meas­
ured on polished slabs tend to change from clastic to 
anchimetamorphic values with increasing cleavage­
parallel phyllosilicate orientation, as the degree of 
mica orientation and recrystallization increase. How­
ever, two individual anchimetamorphic areas show 
distinctly different values of both clb cleavage/bedding 
fissility ratio and illite 'crystallinity' for similar ranges of 
l
'OA 

C/B ratios. 
These regional differences are thought to reflect 

differences in the relative effects of deformation and 
recrystallization on cleavage formation in these areas. 
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