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CHAPTER 6 : METAMORPHISM

6.1 Introduction

The metamorphlc history of the Loch Laggan-Upper Strathspey area has 

been established through the study of the mineral assemblages and fabrics 

developed in various lithologies and their relationships with the deformational 

events.

As a consequence of the bulk chemistries of the various lithologies in 

this study area, aluminosilicate phases were not developed during the 

regional metamorphism, even where P.T. conditions may have been favourable. 

Therefore the classical Barrovlan zones of metamorphlc grade cannot be easily 

applied in this area.

The aluminosilicate phases, andalusite and sillimanite, together with 

cordierite are developed only in the thermal aureole of the Corrleyalrack 

Granite Complex and their parageneses will be considered in detail In 

section T.U on contact metamorphism.

Mineral assemblages in both calc-silicates and semi-pelItes Indicate that 

low to middle amphibolite facies conditions prevailed at the climax of the 

regional metamorphism. Two main prograde regional metamorphlc episodes,

Ml prior to D1 and MPl, post tectonic to D1 separated by MSI syntectonlc to D1 

were recognised. Both were approximately of the same grade, and were followed 

by the localised contact metamorphism In the aureole of the Corrleyairack 

Granite Complex and a widespread retrograde metamorphlc event, MP3, which is 

post-tectonic to D3.

The petrology of the calc-s11Icate rocks collected In the present study
t

area will now be discussed and related to the metamorphlc events.
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6.2 Calc-sl1icate Petrology and Metamorphism

6.2.1 Introduction

The calc-si 1Icate rocks usually occur as pale and speckled thin bands and

pods within their psammitic and semi-psammitic host rocks. The areal 

distribution of the collected calc-s 11icate parageneses Is given In Fig. 6.1. 

Their mode of field occurrence has been described in Chapter h.

Calc-silicate rocks are extensively developed in both the Moine rocks 

of both the NW and Central Highlands of Scotland and the Grampian Division 

rocks (Kennedy 191*9; Winchester, 1970, 1971*; Tanner, 1976, Powell et al, 1981). 

Kennedy (191*9) first used them for metamorphic zonation in the Moines of the 

Western Highlands. He recognised four zones defined by the following 

mineral assemblages with increasing grade.

1. Zolsite-(calc 1te)-blot Ite

2. Zoisite-hornblende

3. Anorthlte-hornblende 

1*. Anorthi te-pyroxene.

He correlated zones 1 and 2 with Eskola's epidote-amphibolIte facies, 

zone 3 with the amphibolite facies and zone 1* with the pyroxene-hornfels 

facies. He also correlated zones 3 and 1* with Barrow's kyanite and sillimanite 

zones, respectively, on the basis of occasional occurrences of these alumino 

silicates in adjoining pelltic units.

Tanner (1976) as a result of more extensive work in the Kinloch Hourn area 

of the Western Highlands, produced a modification of Kennedy's zonation 

which took into account the progressive increase in the anorthite content of 

plagioclase with metamorphic grade. He recognised the following assemblages:

1. Alblte-zolsite-calclte-blotIte-garnet (+ muscovite)

2. (a) Oligoclase-zotsIte-calclte-blot1te-garnet (-hornblende-muscovIte)

(b) Andes i ne-zolslte-blotIte-garnet(-hornblende)

(c) Andes Ine-zols Ite-hornblende-garnet(-blot Ite)



3. (a) Bytownite/anorth¡te-hornblende-garnet

(b) Bytown i te/anorthlte-pyroxene-garnet(-hornblende)

He found precise correlation with the Barrovlan zones difficult but 

correlated zones 2 , 3a and 3b with the staurollte, kyanlte and sllllmanlte 

zones respectively on the basis of rare occurrences of these minerals In the 

pel 1 tic rocks within the various zones.

The control exerted by bulk rock chemistry, especially, the CaO/AljO^ 

ratio, on the mineral assemblages developed In the calc-sl1Icate rocks were 

recognised In several studies by Winchester (1972, 197^, 197^b). Using the 

Ca0/Al203 ratio as a compositional control, he precisely located metamorphlc 

isograds in northern Ross-shire, Scotland (Winchester 1972, 1 9 7 M .  In an 

extension of this work, he built up a zonal metamorphlc map of the Scottish 

Caledonides (Winchester I971*b).

Winchester and Whittles (1979) used both bulk rock chemistry and the 

mineral assemblages of the calc-sl1icates In the Kill In area, Inverness-shire, 

to determine the three-dimensional configuration of metamorphlc Isograds.

Here, they recognised the following zones:

1. Pyroxene: pyroxene In all "white" calc-si 1Icates with a CaO/A^Oj 

ratio exceeding 0.7.

2. Bytownlte : bytownlte in all calc-silicates with a CaO/AljOj ratio 

exceeding 0 .7 .

3. Hornblende: hornblende In all calc-sl1icates with a CaO/A^O^ ratio 

exceeding O.A.

l*. Hornblende + blotlte: a transitional zone In which both hornblende and 

biotlte may be present In calc-silicates with C a O / A l ^  ratio exceeding 0.<*.

Wells (1979) applied thermodynamic analysis to quantify the pressure- 

temperature conditions recorded by the calc-silicate mineral assemblages of 

part of the Central Highlands of Scotland, His results placed much of the 

region In the kyanite zone, although he did not have a good local control.
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More recently Powell et al (1981) have used the marked variation of 

the anorthlte content of the calc-sllicate rocks In south western Highlands 

of Scotland to establish a major break defining the Sgurr Beag Slide.

Haselock (1982 ) has also used calc-sl1Icate mineral assemblages In 

elucidating the metamorphlc history of the Corrteyalrack Pass area, north of 

the present study area. She recognised three episodes of regional 

metamorphism followed by a contact metamorphism associated with the Intrusion 

of the Corrleya1 rack and Al 11 Crom Granite Complexes. Within this area she 

found an eastwards Increase In peak metamorphic grade, on the basis of the 

occurrences of bytownlte /anorthlte In place of oligoclase/andeslne in calc- 

sl I Icates of comparable CaO/A^O^ ratio.

Whittles (1981) and Haselock (1982) have also recognised a green 

variety of calc-si 11 cate rocks, restricted to the Knockchollum Semi-psammlte 

and the Fechlln Psammlte, which contain varying amounts of epldote, 

pyroxene, actinolitlc amphlbole, andesine, quartz and calcite but generally 

lacking garnet.

This variety, as well as the calclte-rich type described by Haselock 

(1982), are regarded as the products of local variations In the fugacity 

of fluid phases, particularly Ct^ and 02 and the undetermined effects of the 

Intrusive Foyers and Al 11 Crom Granites (see also Chapter 2 for a full 

discussion).

6.2.2 Petrography of the Calc-s11Icate rocks

Detailed petrographic study of 2^5 thin sections of the calc-sl1Icate 

rocks has resulted In the recognition of the following mineral assemblages:

1, Epldote + blot Ite + ollgoclase (andesine) + garnet (+blotlte+ muscovlte+
zolslte+calclte+ serlclte)

Epldote + hornblende + labradorlte + garnet (+zolslte +calclte+ serlclte)2 .
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3. ClInozolsi te + blotlte + andesine + garnet (+zo!slte + blotlte
+ muscovite +serlclte).

i,, Clinozolslte + hornblende + biotlte + bytownlte + garnet (+ zolslte

+blotlte + serlcite)

5. Hornblende + bytownlte + garnet (+ zolslte + epldote + calclte + serlcite).

Secondary retrograde mineral phases are placed In parentheses. Quartz is 

an abundant constituent of each assemblage and accessory phases Include 

sphene, apatite, zircon and less commonly magnetite.

Assemblages I and 2 contain major epldote and this Is reflected In their 

high oxidation ratios (Table 6.1, Appendix). Assemblages 3,A and 5 comprise 

most of the observed calc-slllcate parageneses and contain abundant primary 

clInozoislte.

Modal analyses of selected calc-s111 cate rocks reflecting the various 

assemblages were obtained by counting 500 to 1000 points per thin section, and 

are presented In Table 6.1.

Plagioclase compositions have been determined by the Mlchel-Levy 

method, by measuring maximum extinction angles on 010 planes.

Petrographic Descriptions

Assemblages 1 and 2

Epldote Is the dominant epldote-group mineral.lt commonly occurs as 

subhedral to anhedral grains 0.5 * 1.5 mm In diameter with the larger grains 

predominating In group 2 assemblages. They are commonly pleochrolc from 

colourless to pale yellow-green and zoned with Iron-rich cores and less 

Iron-rich rims. Epldote also commonly rims allanlte cores and Is occasionally 

polklloblastIc, with small quartz, sphene, hornblende, garnet and blotlte 

Inclusions (Plate 6.1a).
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Plate 6.1a : Epldote(E) intergrown with blotlte and sphene.(S) 

¡n grouo 1 assemblage. HN 513S12.

Plane polarised light. Scale bar represents 0.1mm.

Da

Plate 6.1b : Hornblende (H) intergrown wlth epldote,(E) and

garnet, G, in group 2 assemblage. NN 528928.

Plane polarised light. Scale bar represent 0.1mm.
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P1ate 6 .1a

Dat

Plate 6.1b :

Epidote(E) intergrown with bîotîte and sphene.fS) 

in prouD 1 assemblage. NN 519512.

Plane polarised light. Scale bar represents 0.1mm

Hornblende (H) intergrown with epidote,(E) and 

garnet, E, in group 2 assemblage. NN 52B928. 

Plane polarised light. Scale bar represent 0.1mm



Plate 6.1a : Epldote(E) Intergrown with biotlte and sphene.(S) 

in grouo 1 assemblage. MN 5193'2.

Plane Dolarlsed light. Scale bar represents 0.1mm.

Plate 6.1b : Hornblende (H) intergrown with epidote,(E) and 

garnet, G, in group 2 assemblage. NN 528928.

Plane polarised light. Scale bar represent 0.1mm.



P 1 ate 6. la : Epidote(E) intergrown with biotite and sphene.fS) 

in grouo 1 assemblage. NN 519 S 12.

Plane oolarised light. Scale bar represents 0.1mm

Plate 6,.lb : Hornblende (H) intergrown with epidote,(E) and 

garnet, G, in group 2 assemblage. NN 528928.

Plane polarised light. Scale bar represent 0.1mm.
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Zolslte occurs as small tdloblastlc to subidloblastlc prisms 0.2 - O.A mm 

long often enclosed In plagloclase and occasionally Intergrown with epldote.

Biotite occurs as subldloblastlc laths about 0.5 " 1*0 mm long intergrown 

with epidote In group 1 assemblages (Plate 6.1a) Two generations of olive 

to reddish brown biotite may be present, the second generation biotite is 

commonly porphyroblastlc and overgrows early minerals such as hornblende. 

Occasionally, the early biotite Is overgrown by late disoriented muscovite 

porphyroblasts, while secondary chlorite may also be an alteration product.

Hornblende occurs in place of biotite as the major ferromagnesi an phase in 

group 2 assemblages where it may be in a few instances partly replaced by 

second generation biotite. Hornblende occurs as green subldioblastlc plates 

1-2.5 nw long Intergrown with epldote, quartz and plagioclase (Plate 6.1b).

It also poikilob last leally encloses small quartz and cllnozolslte grains.

Early hornblende is occasionlly overgrown by late fibrous amphlbole. Strained 

extinction as a result of late deformation, probably DA, is occasionally 

shown by the grains.

Late, colourless, aclcular amphibole occasionally overgrows hornblende, 

epidote, and garnet. The exact Identity of this amphlbole Is not clear. 

Analyses by Winchester (pers. comm) of similar late, pale amphiboles In 

some calc-sl1i cate rocks showed that they have the same composition as horn

blende.

Garnet occurs as subidloblastic to xenoblastic porphyroblasts 0.5-3mm In 

diameter with the coarser grains occurring in the group 2 assemblages. It is 

commonly full of Inclusions of quartz, epidote, plagloclase, and hornblende. 

Textural relations In which tiny, xenoblastic, "corroded" garnet grains are 

surrounded by epldote, calclte and occasionally late fibrous amphlbole suggest

some late garnet replacement.
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Plate 6.2a : Late colourless prismatic amphlbole (A) intergrown 

TI with clinozoislte (CZ) and quartz (Q). NN 518927.

Plane polarised light. Scale bar represents 0.1mm.
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Plate 6,2b : Late zoisite (Z) intergrown with Clinozoisite (CZ),

in calc-silicate. NN 5209^0.

Crossed nicols. Scale bar represents 0.1mm
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Plate 6.2a : Late colourless prismatic amphlbole (A) intergrown 

with clinozolslte (CZ) and quartz (Q). NN 518927. 

Plane polarised light. Scale bar represents 0.1mm.
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Plate 6,2b : Late zoisite (Z) intergrown with Clinozoisite (CZ), 

in calc-silicate. NN 5209L0.

Crossed nicols. Scale bar represents 0 .1mm
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Plate 6.2a : Late colourless prismatic amphibole (A) intergrown 

with clinozolslte (CZ) and quartz (Q) . NN 518927. 

Plane polarised light. Scale bar represents 0.1mm.
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Plate 6,2b : Late zoisite (Z) intergrown with Clinozoisite (CZ), 

in calc-silicate. NN 5209A0.

Crossed niçois. Scale bar represents 0 .1mm
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Plaqloclase occurs as subidloblastic to xenoblastic grains 0.2-lmm In 

diameter forming the groundmass of the rock. It often shows twinning on the 

albite law , and Is commonly zoned with more anorthlte rich cores. In 

group 1 assemblages It Is olIgoclase-andeslne (An28-An50) and labradorlte 

(An55"An70) In group 2 assemblages. It may be Intensely serlcltlsed and Is 

occasionally overgrown by late muscovite and zoislte prisms which are 

disoriented.

Quartz occurs as xenoblastic grains 0.1*-2mm long commonly showing undulose 

extinction and occasional, deformation bands as well as subgrain development.

Assemblages 3, ** and 5

C1inozolsIte occurs mainly In groups 3 and ka and 5 as xenoblastic near- 

equldlmensional grains 0.1«-2mm In diameter. The coarser grains occur 

mainly In the group 4 assemblages. Cllnozoislte Is commonly Intergrown with 

quartz and plagloclase (Plate 6,2a). It Is occasionally rimmed by late zoisite 

and also by late biotite and acicular amphibole. Cllnozoislte occasionally 

shows simple twinning and colour zoning.

Zols1te Is a minor late phase sometimes Intergrown with or rimming 

cllnozoislte. It also occasionally occurs as small Idloblastlc prisms in 

retrogressed plagioclase (Plate 6.2b).

Blot 1te occurs as reddish-brown subidloblastic laths 0.5"1.6 mm long. Primary 

biotite occurs mainly In group 3 assemblages where It Is commonly intergrown 

with clinozolslte. It may also occur as a late minor phase In all three 

assemblages In which It appears to replace hornblende (Plate 6.3a). Biotite 

Itself Is occasionally replaced along the cleavages by chlorite.

Hornblende forms between 1.5 to 20 modal percent In assemblage groups 

and 5, Increasing In modal abundance from group k to group 5. It often
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'* Plate 6.3a :Late biotîte (B) growing on and probably replacing

TI' hornblende (H) in calc-si 1 icate. NN 500891.

. / Plane polarised light. Scale bar represents 0.05nm

.1»

(a)

<b)

Da’

Plate 6.3b : Early garnet enveloped by hornblende grains defining 

SI. Calc-silicate NN W 893.

Plane polarised light. Scale bar represents O.lnwn
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(a)

(b)

Plate 6.3a :Late blotite (B) growing on and probably replacing 

hornblende (H) in ca1c-si1icate. NN 500891•

Plane polarised light. Scale bar represents 0.05mm

Dat

Plate 6.3b : Early garnet enveloped by hornblende grains defining

SI. Calc-silicate NN 1M893.

Plane polarised light. Scale bar represents 0 .1mm
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Plate 6.3a :Late biotite (B) growing on and probably replacing

hornblende (H) in calc-si 1icate. NN 500891.
K

••• Plane polarised light. Scale bar represents 0.05mm
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Plate 6.3b : Early garnet enveloped by hornblende grains defining 

SI, Calc-silicate NN ¿+¿4/4 8 9 3-

Plane polarised light. Scale bar represents 0.1mm
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Plane polarised light. Scale bar represents 0 . 0 5 m

Plate 6.3b : Early garnet enveloped by hornblende grains defini 

SI. Calc-silicate NN W 8 9 3 .

Plane polarised light. Scale bar represents 0 . 1 m

♦4#





8 4

occurs as green xenoblastlc plates 0.5 - 2mm In length, polklloblastlcally 

enclosing small quartz, clinozoisite and plagioclase grains. Two groups of 

hornblende grains may be recognised: 1. those syntectonlc with garnet

porphyroblasts (Plate 6.3b) and defining the SI fabric, and 2. post-tectonic 

disoriented grains, probably formed post-02.

Hornblende may be rimmed by late aclcular amphlbole, and Is occasionally 

overgrown by late biotlte (Plate 6.3a), and chlorite occasionally Intergrown 

with calcite formed by the calcium released during hornblende breakdown.

Garnet occurs as subldloblastlc to xenoblastlc porphyrob1asts 1-2.5 mm In 

diameter. Two generations of garnet were recognised: early syntectonlc 

polklloblasts full of inclusions of quartz, clinozoisite and wrapped in SI 

by early hornblende laths (Plate 6.3b) and latter massive rims enclosing early 

hornblende (Plate 6 .Aa). Garnet Is occasionally partially replaced by 

epldote, chlorite and calcite.

Plagioclase forms between 0.5 and M  modal percent of the rock In assemblage 

groups I* and 5 (see Table 6.1). It has a compositional range of andesine- 

labradorlte (An35”58) In group 3 and IabradorIte-bytown1te (An66-80) In group 

It and 5 assemblages. It forms xenoblastlc grains 0.5"2mm In diameter 

constituting the groundmass of the calc-silicates.

It Is commonly extensively replaced by serlclte, late zolsIte/cl1nozois1te 

(Plate 6 .l»b) and secondary muscovite.

Quartz occurs as xenoblastlc grains 0.1» - 3mm In diameter which often show 

undulatory extinction and occasionally deformation bands. Quartz grains often 

show sub-grain development.

„6.2.3 Mineral Reactions

The mineral assemblage present In each calc-sl1Icate rock Is determined
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Plate 6.4a : Later garnet enclosing early hornblende (H). 

Calc-silicate NN 444893

Plane polarised light. Scale bar represents 0.1mm.

Da

Plate 6,4b : Late*pris m of zoisite (Z) growing across plagioclase

in a calc-silicate, NN 481886.

Plane polarised light. Scale bar represents 0.05mm. Z
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Plate 6.4a : Later garnet enclosing early hornblende (H). 

Calc-silicate NN

Plane polarised light. Scale bar represents 0.1mm.

Dat

Plate 6.4b : Late pris m of zolslte (Z) growing across plagloclase 

in a calc-sl1¡cate, NN 481886.

Plane polarised light. Scale bar represents 0.05mm. Z
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Plate 6.4a : Later garnet enclosing early hornblende (H).

Calc-silicate NN 444893

Plane polarised light. Scale bar represents 0.1mm.
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Plate 6.4b : Late pris m of zoisite (Z) growing across plagioclase 

in a calc-silicate, NN 481886.

Plane polarised light. Scale bar represents 0.05mm. Z





by the bulk chemical composition of the rock and the physical conditions 

Including temperature and both llthostatlc and fluid pressure, to which the 

rock has been subjected. The dominant control which the Ca0/Al203 ratio of 

the calc-sl11 cates have on their mineralogies have been recognised by 

Winchester (1972, 197^, 197<4b), Tanner (1976), Winchester and Whittles (1979) 

Tanner and Miller (1980), Powell et al. (1981) and Haselock (1982). They found 

that prograde reactions took place In rocks with higher C a O / A l ^  ratios at 

relatively somewhat lower pressure and temperature conditions.

It Is, therefore, necessary to constra 1 n the C a O / A l ^  ratio of the calc- 

silicate rocks within narrow limits when the mineral assemblages, developed 

within the various samples are considered. It Is also very likely that other 

components probably influenced the mineral parageneses developed In the calc- 

sllicate rocks. The following general trends were observed:

a. there is a general Increase of CaO with Increase In A1203 but this

positive correlation Is weak (r =  0.^6, Fig 6.2)

b. Rocks with the lowest C a O / A l ^  ratios I.e. 0.35-0.145, also possess the 

highest K20/A1203 ratios t.e. 0.1 - 0.15 (see Figs 6.2 and 6.3). These 

rocks typically contain primary blotlte and some epldote. Garnet and 

andeslne are always present but hornblende Is not common.

c. Hornblende tends to be a major phase In calc-sillcates with C a O / A l ^  

ratios exceeding 0.A5. Also, the anorthlte content of the associated 

plagioclase rises to labradorlte-bytownlte.

d. The relationship between the Ca0/Al203 ratio of the rock and 

anorthlte content Is however not a simple one. While the An content

of the plagioclase generally Increases with the C a O / A l ^  ratio, It also 

depends on the partitioning of Ca++ between plagloclase and the coexisting 

Ca-bearing phases (Including calclte). For a given Ca0/A!203 

rocks with preponderant modal cllnozolslte / epldote generally possess 

less An-rich plagloclase than those with preponderant hornblende 

(Compare Samples 3A and 773, table 6.1.)
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„ Plots of K20 and Na20 against A l ^  (Figs 6.3 and 6.4) show that the 

highest alkall/Al^ ratios are found In rocks containing biotite, 

muscovite and less calcic plagloclase. These characteristics may represent 

original compositional features or record an Influx of the alkalis 

under retrograde conditions (Tanner and Miller, 1980). 

f. Also, plots of the atomic ratios K/Al and Na/Al against Ca/Al

(Figs 6.5 and 6 .6) show good negative correlations (r= 0.72 and -0.64 

respectively) Indicating antipathetic relationships between the alkalis 

and calcium. This may reflect original sedimentary compositional 

effects or metasomatism. Because some calc-si 1Icate samples collected 

from different bpnds In the same location have been found to plot 

separately, the case for original compositional effect Is strong. However, 

the case for some later metasomatism Is also supported by the presence 

of secondary biotite and muscovite.

Petrographic evidence shows that the rocks of the Loch Laggan-Upper 

Strathspey area bear the effects of a widespread retrograde event In which 

earlier prograde minerals have been variously retrogressed to lower grade 

phases. This late retrogression In this region of the Highlands has been 

reported by Wells (1979), Clayburn (1981) and Haselock (1982). The main 

retrogressive phase transitions In this area Include:

1. The formation of late biotite and muscovite

This Is mainly controlled by the activity of K+ ions. Winchester (1972) 

proposed the following reaction for the retrograde replacement of hornblende 

by biotite In Fannlch Forest, with the adjacent rocks acting as the source 

of mlcrocline:

2Ca2(Mg,Fe)3 A1.SI,0 (OH) + 2KA1 SI 0g = ^ ( M g . F e ^ A ^ S I ^ i O H ^
Hornblende mlcroctlne biotite

+4sl02 + 4CaAl2SI208()) 

quartz anorthlte

This reaction Involves the production of a more anorthlte-rlch plagioclase, 

which Is not compatible with the common association of biotite with less calcic
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plagioclase.

An alternative reaction put forward by Kennedy (19^9) and quoted by 

Tanner (1976):

2Ca2(Fe, M g ) ^  Slfi <>22 (OH) 2 + 2 K ++ 20H- - K^Fe.Mg) ^ l . S t ^  (OH) *(2) 

hornblende blotlte

+ 2 C a 2A l 3 S i 30 1 2 ( 0 H )  

cl 1nozoi s 1te

is more likely given the commonly observed formation of new zotslte/ 

cllnozoisite in association with blotite. K would be derived from fluids 

emanating from the host rocks.

2. The formation of late zoisîte/cilnozoisite

The antipathetic relationship between preponderantly high modal 

clinozoisite and minor hornblende and plagioclase was observed in several 

calc-silicate samples (see Table 6.2). as well as textural evidence suggesting 

the breakdown of garnet.

The retrograde hydration of plagioclase with concomitant breakdown of 

garnet may be described as:

Ca3A12Si30 )2 + 5CaAl2SI20g + 2H20 =4 Ca2Al3Si30 )2 (0H)+SIC>2 (3)

grossular plagioclase cl Inozois Ite/zois Ite

component of garnet

Alternatively this plagioclase replacement may be formulated as:

3CaAl2Si20g + Ca++ + 20H- =2 Ca2Al3S I ^ 2 (OH) 00 

plagioclase cl I nozoi si te/zol s i te

Ca++ comes from the breakdown of garnet as already observed. These reactions 

produce cllnozolslte or zolslte at the expense of plagloclase and are 

compatible with petrographic observations. The rare plagioclase observed in these 

calc-slIIcates are typically less calcic than that In a hornblende-plagioclase 

■rich calc-si 1 Icate with the same CaO/A^O, ratio (see samples 3A and 773»



Table 6.1). These observations are In agreement with those of Winchester (1972) 

that plagloclase-free zolslte-quartz assemblages Indicate retrograde

replacement of piagloci ase by zolslte.

The common association of hornblende, cllnozolslte and plagloclase 

In calc-si 1Icate rocks may be described as:

Hornblende + calcic plagtoclase ^  Epidote + less calcic plagloclase

+ garnet (andradltic) (5)

Petrochemical evidence from this study indicates that this equilibrium 

Is strongly controlled by the oxidation ratio (molecular 2Fe2C>3 X 10O/2Fe203+Fe0) 

of the rocks l.e. the oxygen fugacity of the system. High fo^ilisolaces the 

equilibrium to the right producing epidote and more andradltlc garnet at the 

expense of hornblende. This Is evident from a comparison of the mineralogies 

of samples 557 and 566. These were collected from different calc-s111 cate 

bands In the same location (NN kkktJO) and possess the same C a O / A l ^  ratio. 

Sample 557 (oxidation ratlo= 37.77) c.ontalns 3.6* hornblende, 7.9* garnet,

17.2% cllnozolslte and 3 5 .9* plagloclase whereas sample 566 (oxidation ratio 

52.08) contains no hornblende, 5.8% garnet, 31.1* epidote and 18.6% plagloclase. 

The chemical composition of the garnets have not been determined but It is 

probable that the garnet in sample 566 contains some andradite given the high 

oxidation ratio (l.e. Fe^+ content) of the rock.

This observation Is consistent with the experimental findings of Gilbert 

(1966) who found the strong dependence of the ferropargas1te stability field 

on oxygen fugacity. He found that at higher f02, controlled by nickel bunse 

buffer, ferropargaslte broke down to magnetite, plagloclse and andraditlc g 

Plus fluid. Also Ernst (1966) found that ferro tremollte Is also unstable 

above f02 values buffered by bunsenlte-nlckel. These findings therefore 

indicate a strong f02 control on amphlbole stabllllty.

These results may therefore also be Important In the Interpretation of

f  h o  a n  t _  a. !
I A 4 ̂ \ Ilf



(op clt.) suggested that these were probably derived from epidotic grits 

similar to those found In the Torrldonian whereas the garnet-zols 1 te 

calc-sill cates may have been derived from calcareous marls. He found that 

the only chemical difference between the two calc-s111 cate types was In the 

higher Sr content of the epidotic calc-silicates. No distinction was made 

. - 3+ d Fe2+ • in his analyses and hence no comparison of oxidation

states.

The present study,In the Loch Laggan-Upper Strathspey area shows that 

these epidotic bands are the only type of calc-sl1Icates which occur in the 

more highly oxidized rocks of the Garva Formation but they are also found in 

parts of the Chathalain. Glendoe and Carn Leac Formations. Samples of similar 

rocks collected about 2m from the Corrieyairack Granite complex, contain 

porphyroblasti c hornblende, opaques and minor biotite, which show that at 

the low f02 values prevalent in the aureole of the pluton. hornblende is 

stabilised relative to biotite and epidote.

Several studies (Chinner, I960; Eugster. 1959) have shown that the 

oxygen content of layered metamorphlc rocks tend to stay relatively constant 

during metamorphism. The high F02 of stratigraphic units and lithological 

bands containing these epidotic calc-silicates may therefore largely reflect 

original sedimentary constitution. This may have led to the suppression of 

amphlbole in favour of epidote which remained stable up to amphibolite facies 

conditions. These epidotic calc-s111 cates could therefore, be the product of 

Interplay between f02> bulk rock chemistry and metamorphlc grade.

it may be argued that the Increased oxidation of the Garva rocks is the 

result of syntectonic oxidation (Wlntsch, 1981) 1° t^e vicinity o 

Gairbeinn Slide. However, given the widespread distribution of the epidotic 

bands, syntectonic oxidation may have been of little effect in their

6.2.1* The configuration of the bytownlte isograd

Winchester and Whittles (1979) relating the variation of mineral 

assemblages to the Ca0/Al,0,ratio of the calc-silicate rocks In the Kill In area
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Fig.6.7a:.The bytow nite isograd structure contours
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used the critical ratio above which a mineral is developed to define Its 

Isograd. By a geometrical construction linking several locations with calc 

silicates of the same critical ratio, they were able to define the attitude of the

Isograd.

Applying similar geometrical methods In the Loch-Laggan-Upper Srathspey 

area an outline of the attitude of the bytownlte Isograd surfaces were 

obtained. Three locations at which bytownite was present in rocks with a 

C80/A1203 ratio in the range 0.53-0.58 were used In this construction. (See

Figs 6.7 and 6.8).

In view of the very few applicable data points available only very 

general observations can be made concerning this isograd. It Is not possible, 

because of this paucity of data to delineate the effects of the late faulting 

on the disposition of the isograd. More precise definition of the Isograds 

must await more rigorous and detailed phase equilibria analyses.

The results obtained, so far, however, suggest that the bytownlte isograd 

contours (Fig 6.7) strike NE-SV and dip shallowly to the SE. This strike is 

subparallel to the axial trace of the 02 major folds but the dip of the 

¡sograd surface (about 1A°) is much shallower than the dip of the foliation 

So/Sl (c.65°). This may suggest that the isograd was not deformed by D2 

and hence was established after this phase of deformation.

Relevant data is not available for the northern part of the Loch Laggan- 

Upper Strathspey area l.e. the Glenshfrra Succession because of the scarcity of 

suitable calc-sl1Icate rocks.

Two calc-silicate samples , 3A and 103A, collected from the base of the 

Colre nan Laogh Formation adjoining the Gairbelnn Slide possess CaO/Al^O^ratios 

of 0.7 and 0.52 respectively. They are dominantly rich In cilnozolslte 

and epldote ( > 68%) but contain albltlc plagloclase (< 5%). These observat 

suggest that marked retrogression has occurred In these rocks with reactions 

(3) and (A) having approached completion.



Fig.6.7b: The bytow nite isograd



6.3
Mgfamorphi sm of the semi-pell tes

The semi -pel 11 tc rocks contain 16-21* by weight A l ^  (Table 7.1,

Chapter 7) and constitute the dominant component of the Colre nan Laogh and

Mon.dhll.th Formations, and minor oons.ltoant, of tho other .„ho.tra.tjraph, 

rfer. they occur as thin bands within the more dominant ps.mmltlc units.

a.

b.

6.3.1,Mineral parageneses

A detailed petrography of the seml-pelltes has already been given 

In Chapter 3. The mineral assemblages in each formation is given below: 

The Chathalain Formation

Quartz + ollgoclase + blotlte + muscovite + garnet 

The Garva Formation

Quartz + ollgoclase + ml croc line + blotlte ♦ muscovite ±  epldote 

♦ magnetite

The Coire nan Laogh Formation

Quartz + ollgoclase + blotite + muscovite + garnet 

The Glendoe Formation

Quartz + ollgoclase + blotlte + muscovite + garnet ♦ epldote 

The Monadhliath Formation

Quartz + ollgoclase + blotlte + muscovite + garnet 

The Carn Leac Formation

Quartz + ollgoclase + blotlte + muscovite + epldote + garnet

c.

e.

f.

Microstructural relations observed In the seml-pelltes (plate 3.0 

Indicate a late retrogression shown by varying degrees of garnet breakdown 

subsequent to the peak of the regional metamorphism. In the reddish-brown 

blotlte-bearlng rocks, garnet broke d « n  to blotlte, quartz and some magnetite 

while In the greenish-brown blotlte-bearlng rocks, the garnet broke down to

plagloclase, blotlte and possible epldote.

The petrographic differences between the Garva and the Colre nan Laog 

Formation« have alreadv been noted (Chapter 3). In particular,



the semi -pel 1 tes of the Garva Formation and It. relative abued.nce In 

’T ,  of the Col re nan L.ogh Formation may suggest that the Gary. Formation I. 

„  , I carer metamorohl c grad, than the Col re nan Laogh Form.tlon. However, th.ae 

differences may be the r.avlt of the chemical difference, between the two 

formation,. dl,co„ed In detail In Chapter 7. «'90rou, phase equilibria

analyses may elucidate this problem.

6.3.2 Tho ahsence of regional aluminosilicates: chemical controj

The absence of some of the classical Barrovlan regional metamorphlc 

Index mineral, such a, the alumlnosl IIcates In the s.ml-pelltlc rock, of the 

Loch L.ggan-Upper Strathspey are. h „  already been noted. The presence of 

hornblende and by.ownlte In the calc-al 1 leaf rock, a. the climax of the 

regional met.morphl,» In this area suggest, that F-T conditions were high 

enough for the formation of ky.nl.e In rocks of suitable composition (Kennedy 

1348; Winchester, 1970, 1974; Tanner, 1976; Wells, 1979).

This scarcity of the aluminosilicates In the Hotne rocks ha, been 

recognised by several previous workers. Winchester (1974b) used a plot 

C.0 .gains, A.203 ,o differentiate fields o, alumino,11 lea,«-bearing rocks from 

those In which they are absent. Several alumino,I Ilea,«-free seml-p«ll.«s In 

this study area fall within the aluminosilicate field defined hy this plot 

(Fig 6.8). It would, therefore, appear that there are other factors which also

influence the formation of these minerals.

Atherton and Brotherton 0972) observed that the occurrence of kyanite

In the rocks of the Irish and Scottish Dalradian was controlled by the 

"available" M/FM ratio (l.e. mole Mg0/Mg0+ FeO), kyanite forming only w 

this ratio exceeded 0.54. Seml-pelltes from the Loch Laggan-Upper Strathspey 

area have M/FM ratios less than 0.5 (Table 6.2) except the Garva Formation 

semi-pel Ites which contain significant amounts of oxide phases. Hmenlte and 

magnetite (Table 3.1). The absence of kyanite in the rocks of this area 

therefore seems compatible with their low M/FM ratios, and in agreement wit 

the findings of Atherton and Brotherton. However, other factors may



Fig.6.8:CaO-Al203 plot of the semi-pelites showing fields in which 

kyanite or sillimanite may be expected (after Winchester, 1974b)

X : Andalusite- and/or sillimanite-bearing semi-pelites from the 

thermal cureole of the Corrieyairack Granite Complex 

• Semi-pelites outside the aureole which lack the aluminosilicates
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TABLE 6.2 MgO/FeO + MgO (molecular) ratlos (M/FM) 

for the semi-pel 1 tes



Haselock (1982) reported two occurrences of kyanite in the Creag Mhor 

Psammite of the Corrleyalrack Pass area, In rocks with M/FM ratios, less than 

0 1,5 Rocks with similar M/FM ratios were devoid of this mineral. She 

therefore concluded that there Is no systematic relationship between M/FM and 

the presence of kyanite. The status of these two reported kyanite occurrences 

Is however unclear given their proximity to the Corrleyalrack Granite Complex. 

Although, she regarded them as having been formed during the regional 

metamorphlsm, they could, in fact, be contact metamorphlc minerals.

In the Loch Laggan-Upper Strathspey area, there Is no evidence to suggest 

that kyanite was ever formed even at the climactic stage of the regional 

metamorphism. This absence of aluminosilicates was therefore probably as a 

result of unfavourable chemical and physical conditions. Most of the 

Dal radian kyanite occurrences are In the so-called "per-aluminous" rocks 

(Chlnner, 1967); much of the Dalradlan slllimanlte occurrences are largely 

confined to the high temperature zones near Igneous bodies where regional and 

thermal metamorphism were broadly coeval(Atherton, 1977, Knellet and 

Leslie,198M, and difficult to differentiate. In the Grampian Division rocks 

of this study area , the bulk rock chemistry did not favour the formation of 

kyanite during the regional metamorphism, and late andalusite and slllimanlte 

formed In the contact aureoles associated with the late igneous Intrusions 

are clearly distinguishable.

These minerals developed In the contact aureole of the Corrleyalrack 

Granite Complex will be discussed later in Section 6.7.

6.  ̂ The relationship of metamorphism to deformation

Most of the calc-silicate rocks do not possess good mineral fabrics. 

However, In a few rocks (Plate 6.3b) hornblende laths defining Si are observed 

to wrap around early garnet thus Indicating an early or pre D1 grow

the garnet and a D1 growth for the hornblende.

in the semi-pelItic rocks better-developed fabrics show that the early

garnet Is wrapped around by the Si blotlte fabric (plate 3M ,  and also 

suggest an early or pre-Dl growth for this garnet.
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Polyphase garnet growth Is shown by some of the garnets (plates 3.* and 

3.5). At least two, and In some cases , three stages of garnet growth are 

often indicated: (a) first -stage characterised by the inclusion-rich 

cores; these inclusions are mainly tiny quartz, and minor plagiocalse and

opaques.

(b) the second stage Is narked by the Inclusion-free rli which I, wrapped 

by the SI blottte fabric and so Is probably early or pre-DI.

(c) son,, garnet grains contain , further Indus.on-rlch el. containing 

blotl.e grains which are aligned parallel to the SI blot.te fabric thus

suggesting a post-Dl growth for this rim.

Later garnet growth probably, post-Dl, Is also Illustrated In the

calc-silicates by an Inclusion-free rim on early hornblende (Plate 6 .Aa).

The similarity of mineral assemblages suggest that the early or pre-DI 

metamorphism, HI. and the post-D, metamorphism, HP1 are of broadly similar 

grade, although a syntectonlc, MSI, metamorphism associated with the sliding 

may have been of a lower grade since only a biotlte growth In the

semi-pel itic rocks can be attributed to this event.

The occurence of some migmatitic segregations parallel to SI in the 

semi-pel 1 tes suggest that local mlgmatisation took place during this episode 

of deformation, although most of the quartzo-feldspathic segregations have 

been deformed by D1 and hence may be slightly earlier. The petrography 

these veins have been described In Chapter 3. Characteristics such as the 

similarity in the anorthite contents of leucosome and melanosome plagioclase 

suggest that they formed as a result of metamorphlc segregation 

anatexis.

Enhanced fluid tr.n.port and localisation In ,».11 shear zona, •,"belated 

with the D 1 sliding probably promoted this metamorphtc segregation which

common In the vicinity of the Galrbelnn slide.

MP3 metamorphism, post-tectonic to D3 was a retrograde event which

involved the partial or complete breakdown of garnet and its rep

epldote/clInozoisIte, calclte and chlorite in the calc silica , 

ranrinmiv, mripn»»! hintlto. Quartz. and magnetite in the semi pelltes
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Table 6.3 : Sumnary of the Regional Metamorphlc History with

regard to crystallization of major/dlagnostlc phases

Minerals Ml MSI MPI M3

Andes 1 ne

Zolslte
4 0
H r

Blotlte
<

Garnet 

Muscovlte
—1
i n

l
Sérielte

<
Chlorlte

Acicular amphibole

Mlgmatltic Segregations 

Garnet
i n

1 U J

Biot 1te
CL

Muscov1te 

Chlorltein

(MPI conditions probably outlasted the D2 deformation)
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,n the calc-sllicates hornblende was partially replaced by hornblende and 

I r g r o »  b, p»'e. -c'cl.r a.phlbole, while calcic pl.glocl.se p.r.l.Uy

replaced by cllnozolslte /zolslte and serlcite.

This episode of metamorphism Is also marked by the widespread growth 

of randomly oriented porphyroblastlc muscovite In all the metasedlmentary 

rocks, as well as In the early two-mlca granite. The temporal relationship 

of this metamorphlc event to the contact metamorphism Is discussed later, in

section 6.7.6.

A summary of the correlation of the metamorphlc and deformatlonal 

events is given In Table 6.3.

6>5 Physical conditions of the regional metamorphism

The mineral assemblages present In the rocks of the Loch Laggan-Upper 

Strathspey area Indicate that middle amphibolite facies conditions (Turner 

1981) prevailed at the climax of the regional metamorphism

Wells (1979), applying thermodynamic analysis of mineral equilibria 

In the calc-silicate rocks obtained a temperature of 560°C and a pressure of 

7kb at Loch Laggan (NN462850). These figures are also compatible with middle 

amphibolite facies or kyanlte grade conditions for the climactic M1/MP2 events.

S.6. Regional Correlations

Anderson (1956) reported the presence of garnet, hornblende, labradorlte 

and cllnozolsite In the calc-sillcate rocks of this region. On the basis of 

this assemblage, and the presence of garnet, blotlte, muscovite and ollgoclase 

in the semi-pel 111c rocks, he placed this region In the garnet or higher zones 

of metamorphism. He suggested that the sillimanlte occurrences close to the 

Strathspey Complex Implied a cogenetlc relationship caused by the 

effects of the complex.

Richardson and Powell (1976) applying thermodynamic analysis of mineral 

equilibria In carbonate and pelltlc rocks obtained P-T estimates at the climax 

of regional metamomhlsm of 535°C and 5 kb corresponding to a P





at the base of the Appln Group near Spean Bridge. Wells (1979) on the basis 

of p-T estimates from analysis of phase equilibria In calc-s111 cate rocks 

placed most of the Central Highlands In the *anite zone (Fig 6.9).

Winchester and Whittles (1979), on the basis of the variation In the 

mlneral assemblages of calc-s111 cate rocks, found an eastward Increase In

metamorphlc grade In the Klllin area.

Haselock (1982), placed the Corrieyalrack Pass area In the middle to 

upper amphibolite facies on the basis of scarce pyroxene occurrence In calc- 

sll 1 cate rocks and the scarce kyanlte in seml-pelltes already referred to 

(section 6.3.3.) . She found a general increase In the anorthlte contents 

of calc-sl 1 icate rocks with similar C a O / A l ^  ratio towards the SE and hence 

a general Increase In metamorphlc grade In that direction.

The south-easterly dipping Isograd surfaces obtained In the Loch Laggan-Upper 

Strathspey area complement the north-westerly dipping isograds of 

Winchester and Whittles (op. clt). In a metamorph.c "anti W .  Curiously, 

the axial trace of this "antiform" is near to the linear outcrop pattern of the 

Corrleyai rack, Allt Crom and F.ndhorn granites. A close study of the map by 

Wells (1979, Fig 1) also reveals a similar pattern . This association 

isograd configuration with the trend of the granitoid outcrops suggests a 

cogenet 1c relationship based on localised thermal fluxes possibly associated

wi th upl1ft.

Cl ay burn (1981) ha, obtain«. , data of about k70 ha for th. paak of 

metamorphlsm In th. semi-pel I tic rock, of th. L.gg.n Bridge Area, ha,ad on 

Rb-Sr dating of muscovite porphyroblasts. The exact stratigraphic status 

thasa rock, Is not claar. Also, the chronological context of the,, »usco.lt« 

porphyroblasts In relation to the rocks of the present stud, are. which cental 

at least two generations of muscovite Is not known.

6.7 CONTACT METAMORPHISM

6.7.1 Introduction

The rock, surrounding the Corrl.yalrack Br.nl.« Complex In the present
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study area show effects of thermal metamorphism, which can be observed up 

to 500m from their contact with the pluton.

This contact metamorphism was superimposed on rocks which had already 

undergone amphibolite facies regional metamorphism (see previous sections). 

Outside the aureole, the country rocks contain biotite, piagioclase, 

quartz, muscovite and minor garnet in varying proportions.

The limited effect of the contact metamorphism has been ascribed to the 

intrusion of the pluton into rocks which were relatively hot at the time of 

intrusion (Watson 1965; Haselock 1982; Clayburn, 1981).

Haselock (1982) also observed the limited development of a thermal 

aureole around the Corrieyairack Granite Complex characterised by semi-pel lies 

containing andalusite and sillimanite (fibrolite) in the Corrieyairacl Pass 

area to the north of the intrusion.

6.7.2 Mineral assemblages in the contact aureole and metamorphic zonation

On the basis of the spatial distribution of the mineral assemblages 

developed in the contact aureole, two prograde metamorphic zones have been 

recognized (Fig 6.10). These zones are the result of metamorphic reactions, 

some of which can be tnferred from the study of the fabrics of the co-existing 

mineral phases.

The modal compositions of the semi-peiitic rocks both within and outside 

the aureole were determined by counting 1000 points per thin section, and are 

given in Table 6.1*. Piagioclase compositions have been determined by the 

Michei-Levy method using maximum extinction angles on 010 sections.

1 • The outer aureole

Within this zone extending from between 500m and 200m from the contact 

semi-pel I tic rocks contain andalusite + biotite + cordlerite + plagioclase 

+ quartz + fibrolite + K-feldspar

Andal'.js i ft* rw-rnrc as s ub 1 d i ob I as 11 c porphy roblasts 1.5”3mm long with Inclusions 

of biotite, quartz and magnetite, it Is pleochrolc from colourless to pink, 

x <  Y <  2 . This pleochrolsm Indicates a significant Fe3+ content (Deer



Fi9.6.l0: The zones of contact metamorphism
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Table 6.4 : Modal analysis of spatially-varied Monadhllath semi-pel Ites

233 430 442 229 231 634 628 8313

Quartz 22.4 24.1 25.5 15.4 29.4 14.2 21.2 15.3

Plagioclase 32.4 32.9 8.5 34.5 28.2 26.3 20.8 20.6

K-feldspar - - - trace trace trace 1.0 1.5

Biot 1te 35.6 27.8 25.8 32.6 33.5 41.5 30.6 31 .6

Muscovite 7.5 14.6 39.8 4.9 2.8 3.0 0.4 0.5

Garnet 0.2 - - - trace - -

Andalusite - - - 1.4 1.8 11.1 7.2 14.2

Flbrol1te - - - - - 0.2 10.5 5.2

Sill¡man 1te - - - - - - 0.5 1.1

Cordlerite - - - - - - 6.5 8.8

Chlorite 0.9 trace trace 4.8 1.9 0.5 0.1 0.2

Serlclte 0.4 trace trace 5.5 1.2 2.5 0.3 0.4

Spinel - - - - - trace 0.2 trace

Opaques 0.4 0.4 0.1 0.8 0.8 0.5 0.4 0.5

Zircon trac« trace trace trace trace trace trace trace

Apatite trac« trace trace trace trace trace trace trace

Total 99.5 99.8 99.7 99.9 99.6 99.8 99.7 99.9

233, 430, 442 

229, 231, 634 

628, 8313

Outside the aureole 

outer aureole 

Inner aureole
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(a)

(b)

Plate 6.5a : Folded andalusite (D3) in semi-pel 1te in the 

outer aureole of the Corrieyairack Granite 

Complex. Monadhliath Formation NN 439913 

Plane polarised light. Scale bar represents 0.2mm

Dat

Plate 6.5b : Garnet, rellct-blotlte and magnetite occurring 

as inclusions In corderlte (C) In semi-pelIte 

in the inner aureole.

Monadhliath Formation NN 427904.

Plane polarised light. Scale ba r represents 0 .1mm.

c
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TIT Plate 6.5a : Folded andalusite (D3) in semi-pellte in the

outer aureole of the Corrieyairack Granite 

Complex. Monadhllath Formation NN 439913 

Plane polarised light. Scale bar represents 0.2mm

Plate 6.5b . Garnet, relict-biotite and magnetite occurring 

as inclusions in corderite (C) in semi-pelite 

in the inner aureole.

Monadhliath Formation NN 1*27904.

Plane polarised light. Scale ba

J Q

.to

(a)

(b)

Dat

r represents 0 .1mm.



Plate 6.5a : Folded andalusite (D3) in semi-pelite in the

Plate 6.

outer aureole of the Corrleyairack Granite

Complex. Monadhliath Formation NN ¿»39913

Plane polarised light. Scale bar represents 0.2mm

. Garnet, relict-biotite and magnetite occurring 

as inclusions in corderite (C) in semi-pelite 

in the inner aureole.

Monadhliath Formation NN 1(27901».

Plane polarised light. Scale bar represents 0 .Imm.
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XI" Plate 6.5a : Folded andaluslte (D3) In semi-pelite in the

K outer aureole of the Corrieyairack Granite

Complex. Monadhliath Formation NN A39913

Plane polarised light. Scale bar represents 0.2mm
(a)

<b)

Plate 6.5b : Garnet, relIct-biotite and magnetite occurring 

as inclusions in corderite (C) in semi-pelite 

in the inner aureole.

Monadhliath Formation NN kZ730k.

Plane polarised light. Scale bar represents 0 .1mm.



et al, 1982) . Andaluslte is commonly partially replaced by serlcite and 

late muscovite.

Andaluslte grains are deformed and show strained extinction. In suitably 

oriented sections (Plate 6.5a) some andaluslte grains are seen to be strongly 

crenulated parallel to the D3 crenulation of the rock noted elsewhere.

Fibrolitic sillimanite Is a very minor constituent of some of the rocks 

(<0.25%). It Is typically intergrown with tiny blotlte grains and fine grains 

of opaques. It also occasionally grows across andalusite.

Cordierite occurs as xenoblastic plates 0.5-1.5mm in dlamter containing 

Inclusions of tiny blotlte and magnetite grains, and occasionally rimming 

andalusite. It Is commonly altered to yellowish "pinlte".

Biot i te occurs In two habits : (a) as tiny grains which are typically

Intergrown with flbrollte and occur as Inclusions in andaluslte and cordierite, 

and (b) porphyroblasts 0.5*1.5mm long. These reddlsh-to dark brown blotite 

grains define the regional SI fabric which has been crenulated by D3 and 

overprinted by late disoriented blotite grains. Some of the biotlte grains 

are darker than those In Semi-pelites outside the aureole.

Muscovi te occurs In minor amounts (Table 6.3) both as small grains about 

0.5mm long replacing andaluslte and overgrowing biotite, and as late 

prophyroblasts cross-cutting the early mineral fabric.

Plaqioclase occurs as olIgoclase-andes1ne (An28-Ank6) grains 0.5*1 mm In 

diameter which are commonly Intergrown with quartz In the leucrocatlc 

bands of the seml-pelltlc hornfelser. It commonly shows multiple twinning on 

the albite law, and may be weakly normally zoned .

Quartz occurs as xenoblastic grains 0.2-0.5 mm In diameter, commonly 

intergrown with plagloclase.

Accessory minerals Include magnetite, which occurs In the groundmass of the rock 

and as Inclusions In andalusite and Is probably produced by the biotite and 

Qarnet breakdown reactions association with the formation of the aluminosilicates 

and zircon and apatite.
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¡ ¡ The inner aureole

This zone Is 200-300 m wide and Is defined by the presence of 

prismatic si 11¡maní te, cordierlte and K-feldspar as well as the other 

mineral phases already described from the outer zone.

Si 11imani te occurs as subidioblastlc nrisms(p,ate 6 .6a) and porphyrob 1 asts 

(plate 6 .6b) 0.6-2mm long, occasionally containing Inclusions of tiny 

blotite and magnetite gratns. It also sometimes grows across andalusite 

and Is often Intergrown with K-feldspar and cordierlte. This zone Is also 

marked by an increase in the abundance of fibrolite up to 11 modal percent 

of the rock (Table 6.3).

SillImanite grains are occasionally slightly bent (Plate 6 .8a) and 

may show strained extinction as a result of late deformation.

Andaiusi te occurs as subidioblastic porphyroblasts 1-2.5 mm long containing 

inclusions of tiny blotite, ilmenite and spinel grains. It is often pleochroic 

from colourless to pink, probably as a result of some Fe3+ substitution for 

Al3+ (Deer et al , 1982). Andalusite grains are occasionally deformed and 

show strained extinction. Secondary muscovite occasionally may partially 

replace some andalusite.

Cordierlte occurs as subidioblastlc poikiloblasts up to 2 mm in diameter 

commonly full of Inclusion of blotite, andalusite and ilmenite and overgrown 

by fibrolite (Plate 6.7a). It occasionally shows polysynthetic and sector 

twinning. It Is also occasionally partially altered to "plnlte", assuming 

a yellowlsh cast.

Biotlte occurs as subidloblastic to xenoblastic reddish-to dark-brown grains 

In two habits: (a) tiny grains which occur mainly as Inclusions in the 

aluminosilicates and cordierlte, (b) porphyroblasts 0 .6-1.8 mm long, some 

of which define the relict SI fabric, which is overprinted by randomly 

oriented biotlte grains.

The biotlte grains are occasionally deformed and show strained extinction. 

Muscovite occurs In minor amounts (Table 6.3) as late disoriented polklloblasts

l-2mm long containing Inclusions of tiny biotlte grains and also occasionally



Plate 6 .6a : Prismatic si11imanite,(S) and fibrolite (F) growing

across andalusite (A) Small, relict grains of biotite 

occur in the groundmass and as inclusions in andalusite. 

Inner aureole, Monadhliath Formtion. NN **2590**.

Plane polarised light. Scale bar represents 0.1mm

Plate 6 .6b : Prismatic sillimanite intergrown with corderite 

K-feldspar and magnetite.

Inner aureole. Monadhliath Formation. NN 1*2590**. 

Plane polarised light. Scale bar represents 0 .1mm.



te 6 .6a : Prismatic si11 imanite,(S) and fibrolite (F) growing

across andaiusite (A) Small, relict grains of biotite 

occur in the groundmass and as inclusions in andaiusite. 

Inner aureole, Monadhliath Formtion. NN 1*25901*.

Plane polarised light. Scale bar represents 0.1mm

ate 6 .6b : Prismatic sillimanite intergrown with corderite 

K-feldspar and magnetite.

Inner aureole. Monadhliath Formation. NN 1*259014. 

Plane polarised light. Scale bar represents 0 .1mm.



Plate 6 .6a : Prismatic sillimanite,(S) and fibrolite (F) growing 

across andalusite (A) Small, relict grains of biotite 

occur in the groundmass and as inclusions in andalusite. 

Inner aureole, Monadhliath Formtion. NN 425904.

Plane polarised light. Scale bar represents 0.1mm

Plate 6.6b : Prismatic sillimanite intergrown with corderite 

K-feldspar and magnetite.

Inner aureole. Monadhliath Formation. NN ¿»25904. 

Plane polarised light. Scale bar represents 0.1mm.
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Plate 6.6a : Prismatic si 11imanite,(S) and fibrolite (F) growing

across andalusite (A) Small, relict grains of biotite 

occur in the groundmass and as inclusions in andalusite. 

Inner aureole, Monadhliath Formtion. NN 425901*.

Plane polarised light. Scale bar represents 0.1mm

Plate 6 .6b : Prismatic sillimanite intergrown with corderite 

K-feldspar and magnetite.

Inner aureole. Monadhliath Formation. NN +̂2590U. 

Plane polarised light. Scale bar represents 0 .1mm.



6a : Prismatic sillimanlte,(S) and fibrolite (F) growing

across andalusite (A) Small, relict grains of biotite 

occur in the groundmass and as inclusions in andalusite. 

Inner aureole, Monadhliath Formtion. NN 425904.

Plane polarised light. Scale bar represents 0.1mm

•6b : Prismatic sillimanite intergrown with corderlte 

K-feldspar and magnetite.

Inner aureole. Monadhliath Formation. NN 425904. 

Plane polarised light. Scale bar represents 0.1mm.
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overgrowing bigger biotite grains. Sericite also occurs as minor late-stage 

retrograde replacement of andaiuslte.

Garnet (probably almandlne) Is a rare phase within this zone. It occurs as 

small xenoblastic grains 0.1 - 0.2 mm In diameter containing Inclusions of 

magnetite (Plate 6.7b), and as Inclusions in cordierlte.

Plaqloclase is oligoclase-andesine (An28-An33) and occurs as equant, 

subidioblastlc grains about 0.5mm In diameter. It is commonly micro- 

antiperthitic, and occasionally has more calcic secondary overgrowths.

K-feidspar occurs as equant grains 0 .3-0 .5mm in diameter Intergrown with 

cordierite, sillimanite and plagloclase. It occasionally contains Inclusions 

of tiny biotite and fibrollte grains.

Quartz occurs as xenoblastic grains 0.2-0.5mm in diameter often Intergrown
f

with plagioclase in the leucocratfc bands.

Accessory minerals include magnetite and spinel which occur as tiny inclusions 

in the aluminosilicate phases and cordierite. Isolated zircon and apatite 

grains are also present.

6,7.3 Mineral growth and reactions in the aureole

The sequence of mineral growth and associated reactions in the aureole 

rocks may be inferred from a study of rock fabrics. Textural evidence 

suggests that andalusite was the first aluminosilicate mineral to be formed.

It probably grew at the expense of groundmass minerals including primary 

muscovite and garnet since both minerals are rare in the outer rocks although 

quite common in similar rocks belonging to the same formation outside the 

aureole. K-feldspar is also rare in these rocks. The andalus1te-forming 

reaction may described as:

garnet + muscovite ̂ blotite (Annite) + andaiuslte + quartz (Mueller and Saxena,
1977).  (0

The partially resorbed appearance of andalusite and biotite found as 

inclusions In cordierite suggests that cordierite has grown at their expense.

V
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•• Plate 6.7a : Cordierite (C) containing inclusions of fibrolite

TI’ and tiny grains of biotite in a groundmass of

} biotite and K-feldspar.

jj Inner aureole. Monadhliath Formation. NN 425904.

Plane polarised light. Scale bar represents 0.1mm.
(a)

(b)
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Plate 6.7b : Hornblende intergrown with opaques (magnetite?)

in outer aureole calc-silicate. Glendoe Formation. 

NN 452927.

Plane polarised light. Scale bar represents 0 .1mm.
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Plate 6.7a : Cordierite (C) containing inclusions of fibrolite 

and tiny grains of biotite in a groundmass of 

biotite and K-feldspar.

Inner aureole. Monadhliath Formation. NN 1425904. 

Plane polarised light. Scale bar represents 0.1mm.

Plate 6.7b : Hornblende intergrown with opaques (magnetite?)

in outer aureole calc-sl1Icate. Glendoe Formation. 

NN 452927.

Plane polarised light. Scale bar represents 0 .1mm.
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Plate 6.7a : Cordierite (C) containing inclusions of fibrolite 

and tiny grains of biotite in a groundmass of 

bîotite and K-feldspar.

Inner aureole. Monadhliath Formation. NN A2590A. 

Plane polarised light. Scale bar represents 0.1mm

Da

Plate 6.7b : Hornblende intergrown with opaques (magnetite?)

in outer aureole calc-silicate. Glendoe Formation 

NN 1452927.

Plane polarised light. Scale bar represents 0 .1mm
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Plate 6.7a

Plate 6.7b

Cordierite (C) containing inclusions of fibrolite 

and tiny grains of biotite in a groundmass of 

biotite and K-feldspar.

Inner aureole. Monadhliath Formation. NN 1*25901*. 

Plane polarised light. Scale bar represents 0.1mm.

Hornblende intergrown with opaques (magnetite?) 

in outer aureole calc-silicate. Glendoe Formation. 

NN 1*52927.

Plane polarised light. Scale bar represents 0 .1mm.
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Thus with Increasing temperature the cordlerlte and K-feldspar-producIng 

reaction may be expressed as follows:

blotlte + andalusite + quartz = cordlerlte + K-feldspar + H20 (2)

In the Inner aureole, the partially resorbed appearance of garnet enclosed 

in cordleri te suggest Its replacement by cordierlte according to this 

reaction (Richardson, 1968; Holdaway and Lee, 1977): 

garnet (almandlne ) + andalusite + quartz = Fe-cordleri te (3)

The si 11Imanlte-forming reactions are difficult to Infer from the rock 

fabrics, but the absence of primary muscovite In the Inner aureole rocks 

suggests that the following reaction may have occurred (Chatterjee and Johannes

1971*):

muscovite + quartz = slllimanlte + K-feldspar + l^O (M

Sllllmanlte co-exists with andalusite, cordlerlte and K-feldspar In the 

Inner aureole. The coexistence of the aluminosilicate phases over a wide 

range of P.T. conditions has been reported from many places. This coexistence 

has been Interpreted In terms of metastabl11ty (Hollister, 1969; Albee and 

Chodos, 1969; Naggar and Atherton, 1970) or of multlvarlance as a result of the 

substitution of Fe3+ for Al3 .

Analytical studies (Ok.rusch and Evans,1970; Holdaway, 1971) show that 

andalusite and silllmanlte may contain up to 3% and 1.1% by weight 

respectively. No chemical analyses of the aluminosilicate phases from the 

Corrleyalrack aureole Is available but optical properties such as Its 

pinkish pleochrolsm, suggest a significant Fe3+content in the andalusite (Deer 

et al, 1982). The resulting multlvarlance may be responsible for the 

persistence of andalusite up to the higher temperatures of the Inner aureole,

In coexistence with sllllmanlte.

6.7.A Bulk Rock Chemical Control on Mineral Growth

The sporadic and Irregular development of the new aureole minerals, 

including the aluminosilicate phases, in the rocks close to the Corrleyairack 

pluton suggests that temperature was not the only control of mineral growth

'
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¡n the aureole.

A general observation Is that the growth of the aluminosilicates Is 

almost entirely restricted to the seml-pelitlc rocks of the Monadhllath and 

Colre nan Laogh Formations within the aureole. Irregular hornfelslng of the 

Glendoe Formation semi-psammltes and psammltes cut by the pluton north of 

Beannain Beaga (NN ^ 9 1 5 )  has resulted only In the recrystallisation of the 

rocks. The thermal effects of the pluton are better shown by the thin 

calc-slltcate bands (Plate 6.7b). The significant amount of opaques in the 

calc-silicate taken together with the absence of garnet suggest that much of 

the opaques has come from garnet breakdown as a result of thermally-induced 

recrystal 1i sat ion.

Even within the Monadhllath and the Coire nan Laogh Formations, the growth 

of the new aureole minerals may be restricted to certain bands, while the 

remainder show only a recrystallisation of pre-existing minerals.

These observations indicate an important bulk-rock chemical control on the 

growth of the new aureole minerals, including the alumtnosi1Icates. This 

control may be illustrated by some examples: Rock samples nos. 227 and 229 were 

collected from the outer aureole. Although sample 227 (a semi-psammite) was 

collected closer to the Intrusion (at NN^32913) than sample 229 (at NNL325912)

It did not develop the new aureole minerals whereas sample 229 (a semi-pelite) 

contains andalusite and cordierlte (Table 6 .L).

Also rock sample numbers 627 and 628 were collected near the 

granodiorl te contact (at NN L36911*). Sample 627 is a psammite in contact 

with the granodiorlte while sample 628 Is a semi-pelIte collected about 5m 

further away from 627. Sample 628 contains the new assemblage characteristic 

of the Inner aureole whereas the psammitic sample 617 did not develop any of 

the new minerals (Table 6.1*).

Chemical analyses of these rock samples are given In Table 6.5 and 

show the more pel i tic characteristics (i .e. high AljOj,!^®» an<̂  'ow ^'^2

contents) of the aluminosilicate-bearing rocks.

Naggar and Atherton (1970) have found that the growth of kyanlte In the 

aureoles of the Doneaal qranltes was restricted to aureole rocks with Mg0/(Mg0^
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Table 6
.5: Bulk rock chemistry of aluminosi1icate-and

non-alumino-si1icate-bearing rocks from the 

thermal aureole.

229 and 628 : aluminosilicate-bearing rocks 
227 and 627 : non-alumlnosllicate-bearing rocks
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+ FeO) molecular ratios greater than 0.5. They found that the more iron-rich

rocks formed staurollte instead of kyanlte.

In the part of the aureole of the Corrleyalrack Granite Complex out

cropping in the present study area, no kyanite has been found. This 

observation apparently agrees with the calculated MgO/(MgO + FeO) molecular 

ratios of less than 0.50 for the aureole rocks (Table 6 .6). Haselock (1982) 

has, however, reported an occurrence of regional kyanite in aureole semi- 

peiites which also contain new flbrollte and andaluslte produced by the 

contact metamorphism in the Corrieyairack Pass area, north of the present study 

area. The status of this kyanite is, however, not clear (section 6.3.2).

No staurolite has been found either in the Corrieyairack aureole of the 

present study area although the aureole rocks are evidently sufficiently 

iron-rich (Table 6.7) to induce staurolite growth under favourable circumstances. 

Other factors must therefore also be important. Naggar and Atherton (1970) 

have suggested that the absence of staurollte may be due to the overstepping 

of the staurolite-producing reaction in rapidly-heated thermal aureoles.

However, given the unfavourable bulk chemical composition of these semi- 

pelites discussed earlier staurolite could not have been developed.

They also found that andalusite and slllimanite grew in rocks of both

high and low Mg0y(Mg0 + FeO) ratios.

In an attempt to discover if any metasomatism has occurred during the 

contact metamorphism, the chemistry of the aureole semi pelites with 

new aureole minerals has compared to that of the other Monadhllath Formation

seml-pelites outside the aureole (Table 6.7).

Statistical analyses Involving the use of the Student's T Test shows 

that the two groups of samples differ at the 35% level of significance 

Si02, TI02, A1203, FeO, MnO, Y, L0.I , Rb and the oxidation ratio (mole 2 

Fe203 X 100/2 Pe203 + FeO). The sample numbers considered are small so these

observations must be assessed with caution.

The higher A l ^ ,  Ti02> FeO, MnO and Y contents of the aureole rocks

taken together with their lower St02and L0.I., suggest their relative
l

V
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Table 6 .6 : MgO/MgO + FeO (Molecular ) (M/FM) ratios of 

aluminosilicate-bearing semi-pelites in the thermal aureole.

Sample MgO FeO M/FM

225 3.06 7.11 0.1*3

229 2.88 5.70 0.1*7

231 2.68 5.85 0.1*5

501 2.23 5.17 0.1*3

628 1.82 i*.83 0 .1*0

61*2 2.51* 5.96 0.1*3

6l*l* 2.69 5.57 0 .1*6
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enrichment as a result of the apparent loss of Si02 and LD.I . However, this 

apparent loss of Si02 and U).l. should also cause a relative enrichment of the 

other major elements in the aureole rocks, but this is not the case.

It will be noted that these apparently enriched elements are commonly 

associated with clay minerals. In particular, Ti02 , MnO and Y are adsorbed 

by clay minerals (Wedepohl, 1969). This may suggest that much of the apparent 

difference in the chemistries of the two groups of semi-pelites is probably 

the result of sampling more pelltic bands in the thermal aureole.

The lower oxidation ratio of the aureole semi-pelites results from the 

reduction of F e ^  to FeO commonly associated with prograde metamorphism 

(Chinner, I960, Turner, 1981). Also, their lower L.0.1. value is compatible 

with the dehydration reactions involved in the prograde metamorphism in the 

aureole.

In the Corrieyai rack Pass area, Haselock (1982) noted higher than 

average concentrations of Na20, CaO and Sr for a sample collected lm from the 

contact, and also an enrichment of K20, Ba and Rb in a sample collected 2m from 

the pluton. Given the fact that only single samples were considered, these 

differences may be due to her sampling peculiar bands rather than metasomatism 

associated with the Intrusion of the granites.

6.7.5 Conditions of the Contact Metamorphism

The metamorphic reactions and the resultant mineral growths In the

aureole are expressions of gradients in temperature, press, pH20 2

The absence of kyanite In the aureole rocks suggests pressures below 

the aluminosilicate phase diagram triple point i.e. below 5kb using 

aluminosilicate stability data of Richardson et al (1969) or below k k bar 

using the data of Holdaway (1971) (Fig 6.11). Also an isobaric crystallisation

path Is assumed because of the relatively small area of the

The temperatures in the aureole are difficult to estimate because of the

absence of compositional data on the coexisting phases.

Hoffer (1976) has experimentally determined the temperatures of the



Table 6.7a : Means of bulk-rock 

chemistries of aureole and non

aureole semi-pelites from the 

Monadhl iath Formation

1 1 0  Table 6.7b: Mean bulk-rock chemistries 

of aureole and non-aureole semi- 

pel ites normalised for A' 2®3 constancy

Outs i de (n=3)

SiO„

TiO,

A12°3

Fe2°3

Na20

UO.I.

k2o/a i 2o3

K/Rb

Oxi dat ion 
ratio

Ca0/Al203

Ha20/K20

Rb/Sr

.98 ( .06) 

(20.A9) 

1.71* ( -3D

k. M  ( .29) 

0.07 ( .02) 

2.15 ( .36)

l . 02 ( .57) 

1.72 ( .69)

6.18 ( . 88)

0.33 ( .13)

2.3^ ( .1*9)

1657 (92)

75 ( *)

16 ( 1)

32 (17) 

206 (lM

182 ( m )

1*1 ( 5)

221 (101)



Fig.6.11: Selected experim entally calibrated reactions.
1. Chatterjee and Johannes (1974)
2. Hotter (1976)
3. Richardson (1968), Holdaway and Lee (1977) 

Aluminosilicate data: R-Richardson et al. (1989) , H-Holdaway (1971) 
Ornamented area: interred tield ot inner aureole assem blage
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reaction:

blotlte + sllllmanlte + quartz = cordierite + K-feldspar + water.

for intermediate Xpe compositions at 650°C and 710°C for Ptotal =-PH20 of

2.5 and 3.5 k bars respectively.

The presence of this reaction assemblage In the rocks of the inner 

aureole suggests temperatures In the range determined above in this zone.

The above paragenesis of the inner aureole also Indicates pyroxene- 

hornfels facies (Turner, 1981), while the mineral assemblage of the outer 

aureole Indicates hornblende-hornfels facies conditions.

The assemblage : almandlne + cordierite + K-feldspar + quartz has been 

observed in rocks of the inner aureole. Holdaway and Lee (1977) argue that 

this assemblage requires PH20 <  Ptotal In order to form. This suggests that a 

H20 was low in the aureole rocks. Since the prograde reactions are 

dehydration reactions, Hoffer's temperature data must therefore represent

maximum figures.

6,7,6 The relative timing of the contact metamorphism

The relative timing of the contact metamorphism may be constrained by 

several lines of evidence. The aureole rocks lack primary muscovite but 

contain late porphyroblastlc and smaller muscovite grains overgrowing and 

replacing the early minerals. This late muscovite is also found in the 

regionally metamorphosed country rocks as well as in the early two 

granite (see Chapter 8) but has not been found in the later granodiorlte. 

Textural evidence suggests that the growth of this muscovite occurred during 

the, MP3, metamorphic event after the third episode of deformation, D3.

These observations therefore, imply that the contact metamorphism pre

dated the MP3 event. They also suggest that MP3 may be consequent upon the 

Intrusion of the granodlorites; large-scale hydrothermal convection (Norton 

and Knight, 1977; Ferry, 1978) set up by this Intrusion may have caused 

Increased activity of H20-rlch fluids containing remoblllsed K+ from the

country rocks.



1 1 2

The deformation of some of the aureole andaluslte (Plate 6.7a) parallel 

to the D3 crenulation suggest that their crystallisation Is early and may have 

sUghtly pre-dated this deformation episode. On the other hand, sllllmanlte 

grains, although slightly bent and showing undulatory extinction, do not 

show this D3 deformation. This observation suggests that growth of the 

early andaluslte may have been due to an early rise In temperature due to the 

intrusion of the early two-mlca granite since it Is also deformed by the D3

(see Chapter 5).

Anderson (1956) and Clayburn (1981) have observed that the 

Corrleyalrack Complex consists of a series of intrusions, the late granodlorlte 

intruding the early two-mlca granite. Continued rise in aureole temperatures with 

intrusion of the granodlorlte probably led to the growth of the less-deformed,
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CHAPTER 7: GEOCHEMISTRY OF THE METASEDIMENTS

7 , 1 Introduction :

The use of geochemistry in characterising and correlating meta- 

sedimentary rocks has been emphasised by numerous workers, including 

Shaw (195k, 1956), Taylor (1965), van de Kamp (1968), Senior and Leake 

(1978), Lambert et al (1981), Whittles (1981 ) , Holland and Winchester 

(I98I), Haselock (1982), Winchester et al (1983), Condie and Martell 

(1983), Bhatia (1983) and Hickman et al (1983).

Most workers on metasediments have found that metamorphism in 

the range from greenschist to amphibolite facies is largely isochemical 

except for the loss of volatiles: H20, C02 and S (Shaw, op.cit.; Taylor, 

op.cit.; Holland and Winchester, op.cit.). The mobility of most other 

elements is generally restricted to local redistribution during metamorphic 

recrystal 1 i sation.

In the northern Highlands of Scotland, Lambert et al. (1981),

Winchester et al. (1983) and Holland and Winchester (1983) have found 

that each of the stratigraphic formations of the Moine and the Dal radian 

metasediments is geochemically unique. They attributed the unique 

chemical characteristics of each formation to original sedimentary 

differences arising from provenance, transport, depositional environment 

and diagenetic effects. Applying certain criteria they were able to 

correlate individual formations within the Moines of the northern 

Highlands, as well as differentiating the Moine pelites from those of 

the Appin Group of the Dal radian.

Haselock (1982) used several chemical criteria to show distinctions 

between the Grampian rocks of the Glenshirra Succession and those of 

the Corrieyai rack Succession (see Chapter 2), in the Corrieyai rack Pass

area.
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An attempt is made here to make a geochemical characterisation of 

the metasedimentary rocks of the Loch Laggan and Upper Strathspey 

area with regard to their provenance, maturity, depositional environment, 

diagenesis and other sedimentary processes.

102 samples of the metasedimentary rocks from the various 1itho- 

stratigraphic units of the study area, except the Carn Leac Formation, 

have been analysed for eleven major and eight trace elements. (Analytical 

methods and the list of results are given in Appendices I and II).

A frequency histogram (Fig.7.1) shows the distribution of the analysed 

samples on the basis of their Si02 contents. As defined in Chapter 3 

semi-pel ites generally contain less than 64^ Si02> semi-psammi tes 

generally contain 63-7**% Si02, and psammites contain over 753 Si02.

In order to offset the effect of silica dilution in the more 

psammitic lithologies, comparisons of the chemistries of the various 

stratigraphic units are restricted to rocks of the same lithological 

type.

7.2 Possible effects of metamorphism and deformation on the chemical 
composition of the metasediments.

The metasedimentary rocks of the Loch Laggan-Upper Strathspey 

area have been subjected to amphibolite facies metamorphism and localised 

intense deformation. It is therefore necessary to assess the effects of 

these tectonothermal processes on bulk rock chemistry before the chemical 

variations between the various 1ithostratigraphic units can be related 

to differences in the original sedimentary rocks.

As already noted, most students of the geochemistry of metasediments 

consider regional metamorphism up to the amphibolite facies to be 

broadly isochemical except where there is sufficient evidence for 

metasomatic introduction or loss of chemical components. This evidence 

may consist of restricted development of exotic mineral phases reflecting



the nature of the added elements or the suppression of certain phases 

by the loss of some chemical components.

Metasomatic effects in the rocks of this area are most likely to be 

observed along shear zones or in the contact zone of the Corrieyairack 

pluton. The possibility of metasomatism associated with contact 

metamorphism in the aureole of the pluton has already been discussed 

in Chapter 6 , and hence samples from the contact aureole have been 

excluded from calculations of the mean compositions of the lithologies 

compared.

The intense deformation observed in the Coire nan Laogh Formation 

may be expected to be reflected in changes in bulk rock chemistries of 

the basal section near the contact with the Garva Formation (Gairbeinn 

Slide) relative to the upper part of the Formation. However, a comparison 

of the mean values of the semi-pel ites from the two sections (Table 7.1*) 

shows no marked differences in bulk rock chemistry. There is however a 

very slight enhancement of Ba, K/Rb, CaO, K2<)/Na20, Ni and a depletion 

of Y, Sr and oxidation ratio in the semi-pelites up to 50m from the contact 

This could either be attributed to metasomatic changes or to original 

sedimentary differences. On the whole these differences are insignificant 

and a student's t-test of the chemical data shows that both groups of 

samples come from similar populations (at a 95* level of confidence).

This similarity suggests that the tectonothermal effects only caused 

very localised redistribution of chemical components. Kerrich et al.

(1977) have observed that in shear deformation at high temperature 

under amphibolite facies conditions of metamorphism strain is accommodated 

by ductile, crystal-plastic processes which are essentially isochemical 

and isovolumetric. Haselock (1982) also found no significant differences 

between the basal migmatitic section and the upper non-migmatitic part 

of the Coire nan Laogh semi-pelite in the Corrieyairack Pass area.

Hence isochemical metamorphism (except for the loss of volatiles)
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is likely to characterise most of the study area and is therefore 

assumed in the following considerations of chemical variations among 

the various 1ithostratigraphic units.

1 j Chemical variation between the 1ithostratigraphic units

7.3.1 Semi-pel i tes

A comparison of the mean concentrations of the various elements' 

(Table 7.1) shows that the Garva Formation is clearly distinct 

from the rest. Statistical analysis shows that it has higher 

values of Ti02 , oxidation ration (mol 2 F e ^  + 'Fe ^  * Sr/Ca0’ Ba/Rb>

K/Rb, CaO/Y, P ^ / Y ,  Sr/Y and lower Y/A^O^, K/Ba, Rb/Sr and total 

iron + MgO than the other formations.

Chathalai n Formation semi-pe 1 i tes, in common with Garva Formation 

semi-pel ites, have a higher ^ O / A I ^  and Sr/CaO than those of the 

Corrieyairack Succession but share comparable low Ba/Rb, K/Rb,

CaO/Y, P ^ / Y ,  Sr/Y with the Corrieyairack semi-pel i tes.

The semi-pel i tes within the Corrieyairack Succession have 

lower Sr/CaO, K/Rb and ^ O / A I ^  (Table 7.1) than those of the 

Garva Formation.

7.3.2 Semi-psammi tes

A survey of the mean concentrations of the various elements 

(Table 7.2) shows that the Garva and Chathalain semi-psammites 

share common features which distinguish them from those in the 

Corrieyai rack Succession. They contain the highest values of Si02> 

oxidation ratio, KjO / A ^ O j , Sr/CaO, Zr and lower values of A l ^ ,

P205> They share with the semi-psammites of the Glendoe Formation

higher values of K20/A12°3’ Sr/CaO and Ba contents (Table 7.2)

than the semi-psammites of the other Corrieyairack Succession formations
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Table 7•1: Means of semi-pel ites from the Loch Laqqan-Upper Strathspey area

A B C D E

S i0_ 59.^5(3.^8) 60.53(2.11) 59.81* (1.1*5) 60.10(2 .36) 58.99(3.11*)
2

T i 0_ 1.02(0.13) 1.1*0 (0 .6) 0.97(0.01*) 1.01* (0 .1*1 ) 0.96(0.09)
2

Al ,0, 18.66(2 .22) 17.20(0.93) 18.58(0.65) 17.61*0 .56) 18.98(2 .01)
2 3

Fe.O, 1.93(0.'ll*) 3.83(1.99) 1 .67(0.35) 1.1*7(0.38) 1.i*3(o.1*7)
2 3 

FeO 5.27(0.86) 2.67(1.06) 5.10(0.9»*) »*.76(1.20) 5.08(0 .66)

MnO 0 .10(0 .02) 0 .10(0 .02) 0 .12(0 .06) 0 .11* (0 .08) 0.10(0.03)

MgO 2 .7i*(0 .6A) 1.82(0 .61) 2.20(0.29) 2.35(0.37) 2.22(0.1*5)

CaO 1.08(0.29) 2.75(0.97) 2 .11* (0.98) 3.52(1.5) 1.58(0.87)

Na„0 2.00(0.77) 3.70(0.59) 2.56(0.98) 3.20(0.59) 2.36(1.05)
2

Ko0 5.27(0.88) 1*.26(1.21*) 3.52(0.95) 3.2l*(1.09) l*.8l*(1.51)
2

P?°r 0 .17(0 .08) 0.17(0.03) 0.39(0.10) 0 .1*0(0 .21) 0.31 (0 .12)
2 5 
LOI 1.8MO.I4A) 0.93(0.1*8) 1.78(0.58) 1.23(0 .1*2) 1.75(0.75)

Ba 89^(219) 1533(1*08) 753(22»*) 811* ( 308) 1256(508)

Cr 71(11) 58(19) 6i*(5) 60(11*) ’’I (8)

Nb 17(3) 12(2) 17(2) 17(1*) 16(1)

Ni 1*8 (12) 23(8) 37(12) 31(7) 37(15)

Rb 199(35) 80(31*) 156(27) 11*7(28) 180(28)

Sr 199(110) 628(200) 277(105) 369(68) 7.59(171)

Y 38(6) 12(5) 39(8) 1*0(21) 1*0 (6)

Zr 215(29) 25«i(88) 189(23) 371 (351) 228(76)

O.R. 21*.65 56.36 7.2.83 21,36 20,20

K/Rb 220 1*1*2 187 183 223

Sr/Ca0 181* 228 129 105 16»*

Ba/Rb i* .1*9 19.16 1* .83 5.51* 6.98

k2o/a i2o 3

Fe^totai+MgO

0.28

10.53

0.25

8.62

0.19

9.51*

O .18

9.11

0.26

9.30

K/Ba 1*9 23 39 22 32

CaO/Y 281* 2115 5»*9 880 395

p20 /Y 1*5 131 7»* 100 78

Rb/Sr 1.0 0.13 0.56 0.1*0 0.69

Sr/Y 5.21* 1*8.31 7.10 9.23 6 .1*8

Ml 3.1* 2.35 3.33 2.9 3.1»*

K20/Na20 2.61* 1.15 1.38 0 .1*8 2.05

K20/(CaO+Na20) 1.70 0.66 0.75 0 .1*8 1.23

A Chathalain Formation (5 analyses)
B Garva Formation (11 analyses)
C Coire nan Laogh Formation (IA analyses)

_ .  / A  _ . _ «  1 ■ ■ a  e  1
Coire nan Laogh tormation \it < 
Glendoe Formation (8 analyses)
l a____ il 1 t .A.L f-__! nn  1 1  anal V
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tes from the Loch Laooan-Upper. Stra th soey  area

A B C 0 E

69.09(2.68) 69.79(2.98) 67.68(2.82) 66.72(0.93) 66.71(0.80)
S .° 2

0.67(0.13) 0.69(0.25) 0.75(0.10) 0.68(0 .03) 0.70(0.05)
T i02

13.81 ( 1 . 10) 16.02(1.37) 15.36(1.37) 15.83(1.15) 15.08(0.51)

A 2°3
1.85(0.88) 1.66(0.80) 1.26(0.22) 0.87(0 .18) 1 .38( 0 .20)

Fe2°3
3.16(1.37) 2.05(0.91) 3.51(0.38) 3.98(0 .51) 3.76(0.61)

0.11(0) 0.07(0.03) 0.07(0.01) 0.15(0 .05) 0.08(0.02)

1.72(0.17) 1.25(0.««) 1.63(0.28) 1.73(0.53) 1.98(0.1«)

1.67(0.29) 1.70(1.02) 1.60(0.58) 3 .18(0.87) 1 .67 (0 .57)

3.10(0.22) 3.20)0.70) 2.88(0.6«) 3.78(0.56) 3.00(0.60)

3.36(0.80) 6.26(1.70) 2.90(0.95) 1.75(0.26) 3.55(0.73)

0.13(0.03) 0.12(0.05) 0.20(0.07) 0 .26(0.05) 0 .17(0.02)

2U5
LOI 0.77(0.20) 0.78(0.32) 1.53(0.66) 0 .71(0.11) 1.10(0.26)

685(96) 1137(285) 609(19«) 620(112) 876(193)

Cr 63(2) 36(15) Ui* (6) 66(3) 67(6)

16(6) 13(2) 18( 1) 16( 1) 15(2)

Ni 27(16) 18(7) 19(12) 27(6) 29(3)

136(22) 102(17) 132(32) 87(9) 125(20)

Sr 253(36) 381(51) 262(60) 389(36) 287(2«)

Y 22(2) 17(7) 26(8) 28(3) 25(6)

Z r 267(136) 300(126) 226(19) 228(16) 198(3«)

O.R. 36.3« 38.68 26.08 16.56 26.62

K/Rb 208 3«7 182 167 236

3a/*b 5 11 5 5 7

K20/Na20 1.38 1.33 1.01 0.66 1.18

<2O/'Na20rCaO) 0.71* 0.37 0.65 0.25 0.76

Sr/CaO 172 22«» 151 122 172

CaO/Y 668 1000 667 1136 668

Rb/$r 0.53 0.27 0.55 0.2 ? 0.66

Sr/Y 11.5 22.A1 10.1 13.89 11.68

Fe20-total »MgO 7.05 i* .95 6.73 6.98 7.«7

A Chathalain Formation (3 analyse»)
3 Garva Formation (10 analyses)
C Coire nan Laogh Formation (5 analyses) 
0 Transltional Semi-psammite (3 analyses) 
C Glendoe Formation (8 analyses)
F nonadhliath Formation (6 analyses)

O.R. Oxidation ratio

68.06(2.17) 

0.67(0.06) 

16.62(1 .3**) 

1. 12(0 . 18) 

3.52(0.56) 

0.10(0.06) 

1.30(0.32) 

2.39(0.30) 

3.86(0.76) 

2.18(0.65) 

0.1«(0.05) 

0 . 7 0 (0 . 18)

510(253)

65(6)

I5 ( D

29(5)

102(17)

360(72)

22(5)

209(67)

22.22

177

5

0.57

0.35

151

1036

0.28

16.36

6.79
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7.3.3 The psammi tes

Only a small number of psammite analyses are available from 

the Corrieyai rack Succession, hence the following observations must 

be assessed with some caution.

The Garva psammites possess higher K/Rb, Ba/Rb, Sr/CaO, 

oxidation ratio and lower F e ^  total + MgO than those of the other

formations.

On a plot of log Na2<)/K20 against log S i O ^ A I ^  (Fig.7.7)

(Pettijohn et a l , 1973) 39% of the samples of the semi-psammites 

and psammites of the Glenshirra Succession plot In the field of 

lithic arenltes, 13% plot as arkose and 48% plot as greywackes.

On the other hand 89% of the Corrieyairack samples plot as greywackes 

and only 11% plot in the field of lithic arenites.

On the (fe203 total + MgO)-Na20-K20 plot of Blatt et al. (1980) 

(Fig.7.13) 56% of the Glenshirra Succession semi-psammites and 

psammi tes classify as arkoses, 26% plot as lithic sandstones and 

26% plot as greywackes. According to this scheme of classification, 

54% of the Corrieyairack Succession rocks plot as greywackes and

46% plot as lithic sandstones.

Despite the differences In the proportions of the samples 

plotting in the various fields, both classification schemes produce 

broadly similar results. These indicate that the Glenshirra rocks 

were somewhat more arkosic lithic arenites whereas the Corrieyairack

sandstones were mainly greywackes.

In both classification schemes, there is an overlap between 

the Glenshirra and the Corrieyairack Successions with the Glendoe 

Formation rocks occupying an intermediate position between the two.
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from the Loch Laaoan-Upper Strathspey area

A 3 C 0 £

S i02

Ti02

*2 ° 3

77 .5K 2 .0 6 ) 81.69(6.01) 77.61 78.81 76.78(3.06)

0.50(0.61) 0.53(0.37) o.6i 0.67 0.53(0.19)

10.62(1.01) 3.95(1.78) 11.30 10.36 10.71(1.63)

0.98(0.72) 0.70(0.20) 0.58 0.86 0.78(0.60)

PeO 1.67(0.92) 1.07(0.62) 1.32 2.16 2.62(0.36)

0 .05(0.03) 0.03(0.02) 0.06 0.06 0.07(0.06)

MgO 0 .81 (0 . 20) 0.71(0.13) 0.96 0.95 1.27(0.06)

1.02(0.69) 0.65(0.28) 1.51 0.55 2.13(1.17)

2.60(0.36) 1 .92 (0 .66) 3.61 2.12 2.25(1.20)

*2
2 .96(1.13) 2.73(1.17) 1.69 2.98 2.17(0.53)

*2

P2°5
L.0.1.

0.05(0.03)

0.57(0.29)

0.05(0.03)

0.69(0.16)

1.10 0.08 0.10(0.01)

0.82(0.18)

9a 723(209) 696(285) 608 735 502(33)

Cr 31(18) 25(11) 23 32 30(5)

16(2) 16(6 ) 17 15 18(5)

16(6 ) 12(6) 1C 16 16(3)

98(10) 72(29) 51 101 91(6)

Sr 197(26) 189(66) 275 1 uu 265(12)

12(6) 9(5) 12 18 17(2)

Zr 276(311) 269(188) 269 236 215(116)

C.R. 36.60 36-37 . 28.66 26.79 22-56

</Rb 273 315 262 265 198

3a/Rb S 10 8 7 6

K20/(Na20*C*0)

Sr/Ca0

0.82 1.06 0.30 1.16 0.50

193 291 182 262 126

Rb/Sr 0.66 0.38 0.19 0.70 1.36

F e ^ t o t a  1 3.63 2.59 2.99 6.186 6.71

TiO./P.O. 10 10.6 6.1 5 . 9 5.3

Zr/P,0. .55 .51* .25 .79 .215

A Chathalain formation (5 analyses)
8 Garva Formation (5 analyses)
C Coire nan Laogh Formation (1 analysis) 
0 Transitional Formation (1 analysis)
£ Glendoe Formation (I analysis)
F Honadhllath Formation (3 analyses)

O.R. Oxidation ratio

r

78.75(3.63)

0.38(0.17)

1 0 . 18 ( 1 . 60 )

0.57(0.39)

1.76(0.71)

0.08(0.05)

1.15(0.73)

2.06(0.66)

3.08(0.37)

1.16(0.21)

0.11(0.03)

0.67(0.13)

293(215)

30(11)

17(2)

18 (6) 

65(13) 

329 ( 108) 

17(6) 

250(98)

22 > 7  

210 

7

0.22

161

0.16

3.66

3.5

.23
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1  ̂ Interpretation of the variations between the two successions 

7.A.1 Semi -pe 1 i tes

The high K^O/A^O^ value of the Glenshirra semi-pel i tes , 

taken together with their high Sr/CaO indicates the presence of 

detrital K-feldspar. This interpretation is supported, especially 

with reference to the semi-pelites of the Garva Formation by their 

higher mean K/Rb, Ba/Rb, K/Ba, and Rb/Sr values (Taylor, 1965). 

Petrographic evidence in support of this interpretation is also 

provided by the common occurrence of clasts of microdine in these 

semi-pelites (Chapter 3). This view is also supported by a 

K2O-Niggli(al-alk) variation diagram (Fig.7.2), which discriminates 

I^O contained in clay minerals or sheet silicates from that contained 

within detrital alkali feldspars (Senior and Leake, 1978). This plot 

shows that the semi-pelites of the Glenshirra Succession, especially 

those in the Garva Formation, contain high I^O concentrations locked 

up in detrital K-feldspar.

The relatively high proportion of alkali-feldspar to clay 

minerals inferred in the Garva Formation suggests that they were 

deposited as immature first-cycle sediments with little or no time 

for the alkali feldspars to be decomposed. Probably the high CaO/Y 

and Sr/Y ratios in the Garva semi-pelites also indicate high 

proportions of detrital Sr-accepting and Y-rejecting CaO phases 

such as plagioclase (Lambert and Holland, 197*0, this again being 

a sign of the relative immaturity of the sediment.

Englund and Jorgensen (1973) have observed that weathering 

is characterised by a gradual decrease of Na20, ^ 0  and CaO, and 

an increase in the A12°3 content pelitic rocks. They proposed 

that the degree of weathering can be described by the following 

expression:
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Table 7 i,. Means of semi-pel ites from the Coire nan Laoqh Formation

S10,

A

59.79(1.11)

B

59.89(1.83)
L

T102 0.99(.OA) 0.96 (.01»)

a i,o 18 .55(.39) 18.62(.87)
t i

Fe2°3
FeO

1.61(.18) 1.7M.48)

5.38(.81) 5-03(.95)

MnO 0.10 ( .03) 0.13( .07)

MgO 2 .22(.29) 2.17(.31)

CaO 2.26(1.10) 2 .02(.90)

Na20 2.1*0( .85) 2.72(1.13)

k2o 3.5^(1.03) 3.1*9( -93)

P2°5
0 .30(.14) 0 .28(.06)

Ba 811(250) 696(196)

Cr 67(5) 63(1»)

Nb 16(2) 17(2)

Ni 1*1 (*») 32(16)

Rb 15^(29) 157(27)

Sr 267(85) 288(129)

Y 37(10) 1*1(5)

Zr 190(18) 187(29)

k 2o/a i 2o 3 0.19 0.19

Ba/Rb 5.27 1* .1*3

K/Rb 190.82 181*. 5<*

K20/Na20 1.1*8 1.28

CaO/Sr 84.64 70.1i*

S102/A1203 3.22 3.22

T102/A1203

K20/(Na20+Ca0)

0.053 0.052

0.76 0.71*

Total Fe/Al203 0 .1*1 0.39

O.R. 21.08 23.91

A Mean of semi-pel¡tes from the basal section of the 
Coire nan Laogh Formation (7 analyses)

B Mean of semi-pelites from the upper section of the 
Coire nan Laogh Formation (7 analyses)
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M1 FeO + MgO + A l ^

K2° + Na2° + Ca°

Low values of M1 typify unweathered sediments. Application of 

this index to the semi-pelitic rocks studied here, shows that those 

in the Garva Formation have the lowest Ml value, and therefore are 

the least "mature".

This immaturity is a reflection of the high detrital feldspar 

content of the semi-pelites of the Garva Formation in contrast 

to the higher original clay mineral content of those of the 

Corrieyairack Succession and the Chathalain Formation. It may 

therefore reflect the relatively higher rate of erosion relative 

to weathering for the source rocks of the Garva Formation, or 

perhaps the presence of fewer mafic mmerals in the Garva Formation 

and hence in its source rocks.

The generally higher TiOj/AIjO ratios of the semi-pel ites 

in the Garva Formation may either be a result of the greater 

absorption of Ti02 by clay minerals or of the presence of detrital 

Ti-bearing phases in the original sediment. The scatter shown by 

the semi-peli tes of the Glenshirra Succession in contrast to those 

of the Corrieyai rack Succession on the Ti02-Al20j an^ the Cr-Ti02 

plots (Figs. 7.3 and 7.4, respectively) suggests that they contained 

detrital Ti-bearing phases. The exact identity of these detrital 

phases is not known; they could have been sphene and ilmenite 

which are still commonly observed in the metasediments, or other 

Ti-bearing phases such as rutile.

7.4.2 Semi-psammi tes

The high mean KjO/AijOy  Sr/CaO, K/Rb and K2<) (Ca0+Na20) of 

the semi-psammites of the Glenshirra Succession, especially those 

of the Garva Formation, taken together with its higher mean Ba/Rb
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and lower K/Ba again indicate the presence of detrital K-feldspar 

in the psammites, and also reflects their preponderantly lithic 

and arkosic nature (Fig.7.12).

The high mean K2°/A,2°3’ Sr/CaO, Ba/Rb ratios of the semi- 

psammites of the Glendoe Formation also suggests the presence of 

some detrital K-feldspar in these rocks. Petrographic evidence 

in support of this interpretation is given by the common observation 

of microcline porphyroclasts in the Garva Formation semi-psammites 

and also their less common occurrence in those of the Glendoe 

Formation.

The higher mean concentrations of Zr in the semi-psammites 

of the Glenshi rra Succession also indicates a slightly higher 

proportion of detrital zircon in these rocks.

The higher mean oxidation ratios (Chinner, I960) of the 

Glenshirra Succession rocks suggests that they were deposited in 

relatively more oxidising environments compared with those of the 

Corrieyairack Succession. This interpretation is supported by 

both the lithic and arkosic nature of the rocks and sedimentological 

analyses (Chapter k) which suggests that they were probably formed 

as subaerial alluvial or shallow water deposits, in contrast to 

the Corrieyairack semi-psammites which were deposited in marine 

envi ronments.

7.1*.3 Psammi tes

The higher mean K j O / A l K / R b ,  Ba/Rb, KjO/(N^O+^O) Sr/CaO 

and Ba/Rb ratios of the psammites of the Glenshirra Succession also 

indicate a higher detrital K-feldspar to 111ite and plagioclase 

content, which is shared by the Transitional Semi-psammite. The 

presence of detrital K-feldspar represented by inferred porphyroclasts 

of microcline reflects the relative immaturity of these rocks for
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reasons already stated.

Again the higher oxidation ratios of the Garva and Chathalain 

psammites is suggestive of their deposition in relatively oxidising 

environments (Chinner, 1965) as was also inferred for their 

semi-psammites. This higher oxidation state was probably inherited 

from the original sediments as discussed by Chinner (op.cit.) and 

cannot be attributed to later tectono-metamorphic events.

The chemical differences between the Glenshirra and the 

Corrieyairack Successions is also illustrated by the plot of TiC^ 

vs 0,- for all rock types (Fig.7.5). This shows that whereas the 

Glenshirra Succession rooks contained more Ti02> much of which 

has been inferred to be in detrital phases, the Corrieyai rack 

Succession rocks contain relatively more P20j. Much th's P2°5 

probably originates from detrital apatite grains, as shown by the 

scatter and lack of correlation shown by the plot of P ^  vs 

Niggli (al-alk) in the semi-pelitic rocks (Fig.7.6).

This chemical difference between the rocks of the two successions 

may be the result of a difference in provenance or in depositional 

environments. A detailed discussion of the provenance of their 

original sediments is given later; sedimentological analyses 

(see Chapter *») has broadly suggested alluvial or shallow-water 

sedimentary environment for the Glenshirra Succession sediments 

and a marine environment for those of the Corrieyairack Succession.

The absence of calc-silicate pods In the Garva Formation and 

their relative abundance in the formations of the Corrieyairack 

Succession may be partly attributed to its iower CaO content 

compared with those of the Corrieyairack Succession and partly to 

the marked inmaturity of the Garva rocks in which most of the CaO 

is contained in the semi-pelites.
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The rapid burial and very low permeability of the semi-pelites 

may have prevented the dissolution of Ca-bearing phases and the 

mobilisation of the Ca++ions and their subsequent diffusion to 

centres of calc-silicate concretion formation.

7.5 Variation within successions

7.5.I The Glenshirra Succession

a) Semi-peli tes

The student's t-test shows that the semi-pelites of the 

Chathalain Formation have significantly higher FeO, MgO, Nb, Ni,

Rb and Y but lower CaO, Na20, Ba, Sr and oxidation ratio than those 

of the Garva Formation at the 95% level of confidence (Table 7.1).

These differences suggest that the sediments that formed the 

semi-pelites of the Chathalain Formation contained more mafic 

minerals e.g. chlorite than those that formed the semi-pelites of 

the Garva Formation which contained more detrital plagioclase 

and allanite.

The higher K/Rb and Ba/Rb ratios of the semi-pelites of the 

Garva Formation also suggest that they contained a higher proportion 

of detrital K-feldspar to clay minerals than those of the Chathalain 

Formation. This, together with the higher Ml value of the Chathalain 

Formation semi-pelites (Table 7.9), imply that they are more 

"mature" than those of the Garva Formation as a result of the 

greater decomposition of the original feldspar in their source rocks.

The excellent discrimination of the semi-pelites of the 

Chathalain Formation from those of the Garva Formation obtained 

from Y-Sr and Y-Zr plots (Figs.7 .8 and 7.9, respectively) is a 

reflection of the higher proportion of Y-rich, Ca-poor minerals 

such as the micas (Lambert and Holland, 197*) to detrital feldspar
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The rapid burial and very low permeability of the semi-pelites 

may have prevented the dissolution of Ca-bearing phases and the 

mobilisation of the Ca++ions and their subsequent diffusion to 

centres of calc-silicate concretion formation.

7.5 Variation within successions

7.5 .I The Glenshirra Succession

a) Semi-peli tes

The student's t-test shows that the semi-pelites of the 

Chathalain Formation have significantly higher FeO, MgO, Nb, Ni,

Rb and Y but lower CaO, Na20, Ba, Sr and oxidation ratio than those 

of the Garva Formation at the 35% level of confidence (Table 7.1).

These differences suggest that the sediments that formed the 

semi-pelites of the Chathalain Formation contained more mafic 

minerals e.g. chlorite than those that formed the semi-pelites of 

the Garva Formation which contained more detrital plagioclase 

and allanite.

The higher K/Rb and Ba/Rb ratios of the semi-pelites of the 

Garva Formation also suggest that they contained a higher proportion 

of detrital K-feldspar to clay minerals than those of the Chathalain 

Formation. This, together with the higher M1 value of the Chathalain 

Formation semi-pelites (Table 7-9), imply that they are more 

"mature" than those of the Garva Formation as a result of the 

greater decomposition of the original feldspar in their source rocks.

The excellent discrimination of the semi-pelites of the 

Chathalain Formation from those of the Garva Formation obtained 

from Y-Sr and Y-Zr plots (Figs.7.8 and 7-9, respectively) is a 

reflection of the higher proportion of Y-rich, Ca-poor minerals 

such as the micas (Lambert and Holland, 197'«) to detrital feldspar
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and zircon in the former.

The higher oxidation ratio of the Garva semi-pelites suggest 

that they were deposited in a more oxidising (aerated) environment 

than those of the Chathalain Formation (Chinner, I960). This is 

consistent with the sedimentological inferences (Chapter k) that 

the Garva sediments were deposited in alluvial environments.

b) Semi-psammi tes

The student's t-test shows that the semi-psammites of the 

Chathalain Formation have significantly higher MnO and Rb but 

lower Ba and Sr contents than those of the Garva Formation at 

the 95% level of confidence (Table 7.2).

These differences together with the higher K/Rb, Ba/Rb,

Sr/CaO, Sr/Y, Zr/Y ratios but lower Fe2°3 tota1 + Mg0 content °f 

the semi-psartmi tes of the Garva Formation (Table 7.2) indicate 

that they contained a higher proportion of detrital K-feldspar 

and zircon to chlorite and clay minerals compared to those of the 

Chathalain Formation.

These differences are consistent with the observations made 

with regard to the associated semi-pelites and may suggest that 

the source rocks of the Chathalain Formation sediments had a 

higher proportion of basic material than those that supplied the 

sediments of the Garva Formation.

c) Psammi tes

A student's t-test shows a significant difference only in the 

Na20 content of the two formations at the 95% level of confidence.

The higher Na20 content of the Chathalain psammites, taken 

together with their lower K20(Ca0+Na2<)) ratio, suggests that they 

had a higher proportion of detrital plagioclase to K-feldspar In
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their original sediments compared with the Garva psammites. This 

may suggest that there was a slightly higher proportion of plagioclase 

in the source rocks of the psammites of the Chathalain Formation.

7 .5 . 2  The Corrieyairack Succession 

a) Semi-peli tes

Among the Corrieyairack Succession semi-pelites , those of the 

Monadhliath Formation are distinct from the rest, in containing the 

highest mean K/Rb, Ba/Rb, I ^ O / A l ^  and lower K/Ba ratios (Table 7.1). 

These characteristics indicate that it had the highest proportion 

of detrital K-feldspar to i11ite in the original sediments, and 

was hence probably less mature than the other Corrieyairack Succession

semi-peli tes.

The Monadhliath semi-pelite also have lower mean CaO and Sr 

than the other Corrieyairack Succession semi-pelites (Table 7.1), 

which taken together with their higher mean (K20/Ca0+Na20) ratio 

(Table 7.1) indicates that it had a lower detrital plagioclase to

K-feldspar ratio in the original sediments.

The semi-pelites of the Glendoe Formation have the lowest mean 

K20/(Ca0+Na20), ^ O / A l ^ ,  Sr/CaO, K/Rb, and the highest mean CaO, 

Na20 and Sr, which indicate that they had by contrast the highest 

plagioclase to K-feldspar ratio of all the Corrieyairack Succession 

semi-peli tes. It also reflects the more calcareous nature of much 

of the semi-peli tes in the Glendoe Formation, which often contain 

some epidote or clinozoisite. The Glendoe semi-pelites also contain 

more zircon than the rest, suggesting a higher input of refra y 

heavy minerals.

The chemical differences between the two major semi-pelitic 

formations - the Coire nan Laogh and the Monadhliath Formations 

are graphically Illustrated In several two-component plots:

7.10, 7.11). These show higher K j O / A l ^  .(Figs.7.2,
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Table 7.5: Results of the discriminant function analysis

COIRE NAN LAOGH AND MONADHL1ATH SEMI-PELITES

Standardised canonical discrminant function coefficients

Function 1 (major elements) Function 1 (trace elements)

Al -1.39689 Ba 2.39961

Fet -1.31869 Ni 0.8671*8
3

Ca -1.89935 Rb 0.721*83

Na 2.01471 Sr 1.75352

K 2.81*052 Y 0.61*198

P 1.65921* Zr o.931*31*

Canonical discriminant functions evaluated at group means 
(croup centroi ds)

Majors: Group Function 1 Group Function 1 (trace elements)

1 -1.1*381*1* 1 -1.21672

2 3.28785 2 2.1*331*5

Classification

100%

results, majors 

success

Classification result, trace elements 

95.2l*% success
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K20/Niggl• (al-alk), Ba/Rb, Ba/Niggli (al-alk) in the Monadhiiath 

semi-pelites compared with those of the Co ire nan Laogh Formation, 

reflecting the higher detrital K-feldspar to i11ite ratio in the 

sediments of the Monadhiiath semi-pelites. This characteristic, 

together with the lower Ml value of the Monadhiiath semi-pelites 

suggests that they were less "mature" than those of the Coire nan 

Laogh Formation. These inferences are supported by student's t-test 

results which show a significant difference in the K20 and Ba 

contents of the two groups of semi-pelites at the 35% level of 

confidence.

Discriminant analysis (Table 7.5 and Appendix 3) show that the 

most important contributors to the discriminant function between 

the two units are K, Na, Ba and Sr whereas the negative contributors 

are Ca, A1 and Fe3+. These imply a higher proportion of detrital 

alkali feldspar to plagioclase and chlorite in the Monadhiiath 

semi-peli tes.

Their similar F e ^  total+MgO, Ni and Cr contents suggest 

that they had a similar proposition of basic detritus in their 

sediments and hence a similar proportion of mafic minerals in their 

source rocks.

b) Semi-psammi tes

The semi-psammites of the Glendoe Formation have the highest 

values of KjO and Ba than other semi-psammites in the Corrieyairack 

Succession (Table 7.2). The student's t-test also shows that they 

have a significantly higher content of Sr than those of the Coire 

nan Laogh Formation but a lower Sr content than those of the 

Transitional and Monadhiiath Formations at the 35% level of confidence

The higher K/Rb, Ba/Rb, K20(Ca0+Na20) and Sr/CaO ratios of 

the Glendoe semi-psatmi tes indicate that they contained a higher



2500r

2000

0a ppm
1500

1000-

500-

■ 4

4
♦ • «

SO 100 150 200
Rb ppm

250

Fig.7.12: Ba-Rb plot for the semi-peiites of the 
Corrieyairack Succession



1 3 1

proportion of detrital K-feldspar to plagioclase than the other 

semi -psarmii tes of the succession. This inference is supported by 

the more common occurrence of microcline grains in the Glendoe 

semi-psanmites than in the other Corrieyairack Succession semi- 

psammites. This higher K-feldspar content of the Glendoe semi - 

psammites may suggest either that they had a higher granitoid input 

in their source rocks or that their source rocks had undergone a 

less intense chemical weathering than the other units permitting 

detrital microcline to survive.

The higher Sr content of the Transitional semi-psammites 

is accounted for by their higher CaO contents (Taylor, 1965) and 

probably indicates the existence of relatively higher plagioclase 

content in the original sediment. Their lowest ^ 0  (Ca0+Na20), K/Rb, 

Sr/CaO ratios (Table 7.2) indicate that they had the lowest 

proposition of detrital K-feldspar to plagioclase in their original 

sediments.

The contents of many other trace elements such as Cr, Ni, Y and 

Zr vary within narrow limits only, suggesting that the proportion 

of the detritus supplied from basic sources remained fairly 

constant throughout the period of deposition of the Corrieyairack 

Succession.

c) Psammi tes

Only a few samples of this lithological type from the 

Corrieyairack Succession were analysed (Table 7-3) a reflection 

of its relative scarcity in this succession.

The Glendoe psammites tend to have higher K20 and Rb contents 

than those of the Monadhliath Formation. This taken together with 

the higher K20(CaO+Na20) ratio of the Glendoe psammites suggests 

that they contained more detrital K-feldspar to plagioclase ratio
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and also possibly more detrital mica since most of them plot in 

the lithic sandstone field of Fig.7.13.

Only one psammite analysis each is available for the Caire nan 

Laogh and the Transitional Formations and hence it is not worthwhile 

comparing these with the other formations.

7 .6a Provenance of the original sediments

The provenance of sedimentary rocks is usually inferred from the 

framework constituents of the rocks if they could be identified 

(Dickinson, 1970; Dickinson and Suczek, 1979; Dickinson and Valloni,

1980; Valloni and Maynard, 1981; Potter, 1978; Pettijohn 1975; Schmab, 

1975). In this respect, the psammites and semi-psammites of the various 

1 ithostratigraphic units probably offer the best evidence for provenance 

characterisation of the metasediments. Unfortunately, given the repeated 

deformation and metamorphism up to the amphibolite facies suffered by 

these rocks most sedimentary textures have been obliterated and original 

detrital constituents can be identified with some confidence only in the 

Garva Formation psammites and semi-psammites. Detrital modal analyses 

cannot, therefore, be applied and reliance must be placed largely on 

the chemistry of the psammites and semi-psammites.

Difficulties arise, however, when attempts are made to relate 

detrital rock composition with bulk chemical analyses of sedimentary 

or metasedimentary rocks. This is because of possible diagenetic 

introduction of some components present in the cements or loss of others 

by intrastratal dissolution. Element concentrations in the source rocks 

may also have undergone some change during weathering and subsequent 

transport. However, in immature clastic rocks such as those in the 

Loch Laggan-Upper Strathspey area, these problems may be minimal, making 

it possible for provenance to be inferred from bulk rock chemistry.

On a Ca0-Na20-K20 ternary diagram on which the average compositions
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Of granite and granodiorite (Le Maitre, 1976) , Gruinard Gneiss and 

the Laxfordian Gneiss of Sithean Mor (Holland and Lambert, 1973),

Annagh Gneiss (Winchester and Max, 1984) and the psammites of the 

Gienfinnan Division (Winchester et al, 1983) are plotted (Fig.7.14), 

the means of the psammites and semi-psammites in the Chathaiain, Garva 

and Glendoe Formations lie close to those of granite.

The mean of the Coi re non Laogh semi-psammi tes and psammi tes lies 

close to those of the Annagh Gneiss and the Gienfinnan Division psammites, 

while the means of the Monadhliath and Transitional rocks are intermediate 

between those of the Grunard Gneiss and the Laxfordian of Sithean Mor, 

and of granodiorite and the Laxfordian of Sithean Mor, respectively.

The Garva semi-psammites and psammites contain inferred detrital 

porphyroclasts of microcline, and since they are the most immature of 

the rocks in the Loch Laggan-Upper Strathspey area they should most 

closely resemble their source rocks. The sediments of the Garva 

Formation were, therefore, probably derived from rocks corresponding 

to the average granite or the Annagh Gneiss. The higher F e ^  tota’•

MgO, Cr and Ni contents of the Garva rocks compared with those of the 

average granite suggest that their source rocks were probably a mixture 

of both granitic rocks and those similar to the Annagh Gneiss.

The relatively more mature sediments of the Chathaiain and 

Glendoe Formations may have been derived also from rocks similar to 

the Annagh Gneiss, the Gienfinnan Division or a mixture of these and 

some granitic rocks. The differences between these formations and the 

Garva Formation may be attributed to a variation in the degree of 

weathering suffered by their various sediments, as well as changes in 

provenance such as the relative proportions of the granitic rocks to 

the gneisses.

The source of the more mature sediments of the Coi re nan Laogh, 

Transitional and Monadhliath Formations is more difficult to infer
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on the basis of available evidence.

Compared with the Sithean Mor Laxfordian Gneiss, the Coire nan 

Laogh semi-psammites are enriched in K20 but depleted in Na20 and CaO.

These differences are consistent with loss of Na20 and CaO as a result 

of the weathering of similar gneissic rocks, hence similar gneisses 

are possible source rocks for the Coire nan Laogh rocks.

Compared with the average Gruinard Gneiss, the Monadhliath semi- 

psammites and psammites are enriched in K20, have simitar Na20 contents 

but are depleted in CaO. This is also consistent with the loss of CaO 

during weathering. However the very low concentrations of K20 and Rb in 

the Gruinard Gneiss may preclude this and similar Lewisian gneisses from being 

possible source rocks (see also Plant et al, 198M, except those that 

have been remobilised and intruded by evolved granites.

7.6b The tectonic affiliation of the metasediments

The geochemical classification scheme of Blatt et al (1980), already 

referred to, relates the compositions of sedimentary rocks to their 

tectonic setting in terms of the old geosynclinal terminology (Fig.7.13)•

Based on this plot, most of the Glenshirra semi-psammites and psammites 

classify as taphrogeosynclinal (i.e. sandstones deposited in deep fault 

basins on the craton), grading into exogeosynclinal (i.e. sandstones 

on the edge of cratons). On the other hand, most of the C o r r i e y a i rack 

rocks plot as eugeosynclinal with some overlap into the exogeosync 1inal field.

Recently many studies have explored the relationship between sands 

or sandstone composition and plate tectonic setting (Crook, 197**, Schwab,

1975; Potter, 1978; Dickinson and Suczek, 1979; Dickinson and Valloni,

1980; Valloni and Maynard, 1981; Maynard et a l , 1982; Bhatia, 1983).

These workers have found systematic variations in both framework 

constituents and bulk rock chemistry or sediment chemistry as a function

of the plate-tectonic environment.

Maynard et al (1982) found that K20/Na20 ratios greater than 1.0
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characterised sands from passive (trai1ing-edge) continental margins 

while sands from active settings have lower ratios. An examination of 

the K 0/Na20 ratios of the psammitic rocks of the various formations 

of the Loch Laggan-Upper Strathspey area (Tables 7.2 and 7.3) indicates 

that the psammites and semi-psammites of the Glenshirra Succession along 

with those of the Glendoe Formation tend to have values greater than 1.0, 

whereas those of the Coi re non Laogh, Monadhliath and Transitional 

Formations tend to have K20/Na20 ratios less than 1.0. The narrowness 

of this criterion renders these results less definitive, because the 

K 0/Na20 ratio may depend more strongly on source rock composition 

and/or diagenetic metasomatism rather than on tectonic environment.

Bhatia (1983) in his study of the sandstone suites of Eastern 

Australia obtained optimum discrimination of the sandstone from the 

various tectonic settings with plots of Fe20j (total)+MgO against 

T i 0_, AI 0,/Si0_ and A1_0 /(CaO+Na 0) (Figs.7.15, 7.16 and 7.17).

Applying these discriminant diagrams to the psammites and semi- 

psammites of the Loch Laggan-Upper Strathspey area, the following 

results were obtained:

Approximately kk% of the samples from the Chathalain Formation 

fall into the field of "active continental margin" sandstones, while 

21$ of the samples plot in the field of "continental island arc 

sandstones.

Approximately 31% of the samples from the Garva Formation plot 

in the field of "passive margin" sandstones, 21$ plot in the active 

continental margin" field, while 23$ plot in the field of "continental 

island arc" sandstones.

Approximately A2$ of the samples of the Coire non Laogh Formation 

plot as "continental island arc" sandstones, and 22$ fall in the field 

of "active continental margin" sandstones.
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63% of samples from the Transitional semi-psammite plot as 

"continental island arc" sandstones.

Approximately 52% of the samples from the Glendoe Formation plot 

as "continental island arc" sandstones, while 18% plot in the "active 

continental margin" field.

Also, approximately 52% of the samples from the Monadhliath 

Formation plot in the field of "continental island arc" sandstones, 

while plot as "active continental margin" sandstones.

On the whole, therefore, most of the rocks of the Corrieyairack 

Succession classify as "continental island arc" sandstones, while most 

of the rocks of the Chathalain Formation classify as "active continental 

margin" rocks, although a few samples show the characteristics of the 

other three tectonic fields. (See Figs.7.15, 7.16 and 7-17).

A wide scatter was obtained for the rocks of the Garva Formation, 

the samples overlapping the "passive margin", "active continental 

margin", and the "continental island arc" fields. This scatter may be 

the result of the high, inferred detrital Fe-Ti phases in the formation. 

Such scatter may also result from the heterogeneity of the source 

rocks for the sediments.

In some of the diagrams some samples plot outside the fields 

defined by Bhatia (op.cit) and since some of his samples of the Australian 

rocks also plot outside the defined fields, it is possible that these 

fields are too restricted.

The classifications obtained above for the rocks of the various 

formation are in good agreement with those obtained in the schemes of 

Blatt et al (1980) and Maynard et al (1982), and indicate the consistency 

of the various parameters used in the classification schemes.

It is likely that these parameters certain much more to the 

provenance of the sediments than to their actual depositional 

envi ronments.
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The precise position of the source rocks for the sediments forming 

the rocks of the Loch Laggan-Upper Strathspey area in the context of 

the plate tectonic development of the Central Highlands is currently

unclear.

The calc-alkaline composition of their inferred basement 

source rocks is, however, similar to that of the rocks of active 

continental margins (Tarney, 1976). The "continental island arc" nature 

of most of the samples from the Corrieyairack Succession suggest that 

their sediments contained a higher proportion of basic detritus 

probably derived from volcanic or basic rock sources.

Several lines of evidence discussed earlier suggest that these 

relatively imnature, first-cycle clastic sediments were derived from 

uplifted upper and middle continental, granite-gneissose and associated 

volcanic rocks, and deposited in environments ranging from alluvial 

to more basinal submarine fan settings (see Chapter 4).

7.7 Comparison with metasediments in the Corrieyai rack Pass and 
Ki 11 i n areas

a) The Glenshirra Succession 

i) Semi-peli tes

The Creag Mhor Formation semi-pelites of Haselock (1982) 

contain significantly higher MnO, Nb and Rb than the Chathalain 

Formation semi-pelites. However, because of the small size of the 

samples considered and the very low concentrations of MnO and Nb 

in these rocks, care must be taken in assessing these differences 

(Table 7.6).

The higher K/Rb, Ba/Rb and lower Rb/Sr ratios of the Chathalain 

Formation semi-pelites compared with those of the Creag Mhor 

Formation suggest that the former had a higher proportion of detrital 

K-feldspar to i11ite, and hence were probably less "mature".
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Tablp 7.6: Mpans of semi-pelites from the Glenshirra Succession of the
Loch Laqqan-Uppe r Strathspey and the Corrieya 1 rack Pass areas

A B C D

SiO, 59. '♦5(3. 48) 53.95(3.50) 60.53(2.11) 56.00(1*.21*)
2

TiO? 1.02(0.13) 1 .09(0.2»0 1.1*0(0.6) 1.05(0.01)
L

Al,°, 18.66(2.22) 18.82(1.58) 17.20(0.93) 19.1*2(1.29)
2 3 

Fe9°. 1.93(0.M O 2.73(0.87) 3.83(1.99) »♦.79(0.76)
2 3 

FeO 5.27(0.86) 6.52(2.13) 2.67(1.06) 3.1*7(2.63)

MnO 0.10(0.02) 0.19(0.0»») 0.10(0.02) 0.15(0.08)

MgO 2.74(0.64) 3.51(0.80) 1.82(0.61) 2.81(1.73)

CaO 1.08(0.29) 1.28(0 .21) 2.75(0.97) 1.59(0.57)

Na,0 2.00(0.77) 1.94(0.21) 3.70(0.59) 2.03(1.91*)

4 5.27(0.88) 7.1^(1.72) 1*.26(1.21*) 5.77(0.82)

p2°5
0.17(0.08) 0.23(0.0 »♦) 0.17(0.03) 0.33(0.06)

Ba 894(219) 1099(1»*3) 1533(1*08) 1269(15)

Cr 71(11) 82(12) 58(19) 83(37)

Nb 17(3) 23(2) 12(2) 15(3)

Ni »♦8(12) 1*9(1) 23(8) 88(1*1)

Rb 199(35) 30l*(8) 80(3»*) 153(18)

Sr 199(110) 176(16) 628(200) 283(173)

Y 38(6) 1*9(7) 13(5) 33(10)

Zr 215(29) 253(119) 254(88) 280(166)

Sr/Ca0 184 138 228 178

K/Rb 220 195 1*1*2 313

K/Ba 49 54 23 38

Ba/Rb i* .1*9 3.62 19.16 8.29

CaO/Y 284 261 2115 1*82

P2°5 45 47 131 100

Rb/Sr 1.0 1.73 0.13 0.54

A Chathalain Formation (5 analyses)

B Creag Mhor Formation (3 analyses)

C Garva Formation (11 .analyses)

0 Al 11 Luaidhe Formation (2 analyses)
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The higher total iron, MgO, and Cr content of the Creag Mhor 

semi-peli tes suggest that they probably contained more detrital 

chlorite derived from the decomposition of mafic minerals than 

those of the Chathalain Formation.

The student's t-test shows that the A 11t Luaidhe Formation 

semi -pel i tes contain significantly higher A l ^ ,  P2°5’ Nl’ Rb and 

Y, but lower Si02> Na20 and Sr than those of the Garva Formation, 

at the 95% level of confidence. However, given the very small 

number of samples from the Allt Luaidhe Formation, these observations 

must be assessed with caution.

The higher K/Rb, Ba/Rb and lower Rb/Sr ratios and A l ^  

content of the Garva semi-pelites suggests that they had a higher 

proportion of detrital K-feldspar to illite, and hence were probably 

less mature. The higher total iron, MgO and Ni content of the Allt 

Luaidhe semi-pelites suggests that they had a higher proportion of 

detrital chlorite to K-feldspar. Also the higher and Y content

of the Allt Luaidhe semi-pelites suggests that they had a higher 

content of detrital apatite than those of the Garva Formation.

The greater maturity of the Glenshirra Succession in the 

Corrieyairack Pass area inferred from these geochemical criteria 

is therefore consistent with the sedimentological observation that 

paleocurrent and hence sediment transfer direction was towards the 

NNW (Chapter A), implying a more extended transport for the sediments 

of the Corrieyairack Pass area, 

i i) Semi-psammites and Psammites

The Creag Mhor psammites are chemically similar to the 

Chathalain psammites. The student's t-test shows that they differ 

significantly only in their Nb contents, at the 35% level of 

significance. The slightly higher Nb and P ^  contents of the Creag
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Table 7 .7 : Means of psammites and semi-psammi tes from the Glenshirra
Succession of the Corri eya i rack Pass a rea

A B c

SiO, 7 6 . 7 6 ( 3 . 5 7 ) 6 6 . 9 2 ( 8 . 0 8 ) 6 5 . 0 8 ( A . 8 5 )

Z
Tï02 0 . 3 3 ( 0 . 1 1 ) 0 . 7 9 ( 0 . 0 9 ) 1 . 0 9 ( 0 . 8 0 )

A , 2°3

Fe2°3

FeO

1 1 . 0 0 ( 1 . 6 5 )

0 . 8 A ( 0 . 7 8 )

1 5 . ^ 6 ( 3 . 2 6 )  

1 . 6 9 ( 0 . 6 0 )

1 5 . 9 3 ( 2 . 1 5 )  

2 . 2 7 ( 1 .7A )

1.14(0.56) 1 . 7 A ( 0 . 0 3 ) 2 . 0 3 ( 1  .05 )

MnO 0 . 0 5 ( 0 . 0 1 ) 0 . 0 8 ( 0 . 0 1 ) 0 . 0 8 ( 0 . 0 2 )

MgO 1 . 0 1 ( 0 . 9 9 ) 1 . 2 9 (1 .2 1 » ) 1 . 2 8 ( 0 . 5 7 )

CaO 1 . 0 6 ( 0 . 2 2 ) 1 . 3 9 ( 0 . 8 6 ) 2 . 8 5 ( 0 . 3 5 )

Na20

K O

2 . 8 0 ( 0 . 6 0 ) 3 . 6 9 ( 1 . A 3 ) 3 . 6 1 ( 0 . 5 3 )

3 . 8 2 ( 0 . 7 2 ) A . A l ( 1 . 67 ) 3 . 8 0 (0 .  A8)

0 . 0 7 ( 0 . 0 8 ) 0 . 8 1 ( 0 . 1 3 ) 0 . 1 2 ( 0 . 0 7 )

Ba 8 8 6 ( 1 2 6 ) 1 2 6 8 (6 1 1 ) 1802 (87A )

Cr 1 8 ( 5 ) 2 9 (2 5 ) 3 A (1 0 )

Nb 2 8 ( 8 ) 2 6 ( 1 1 ) 1A ( 12)

Ni 1 M 3 ) 1 9 (1 1 ) 1 8 (5 )

Rb 1 0 2 ( 2 8 ) 9 8 ( 3 7 ) 5 8 ( 2 7 )

Sr 2 3 A ( 3 A ) 3 A 3 Í2 3 3 ) 7 0 9 (3 3 3 )

Y 1 3 ( 6 ) 19 (9 ) 9 ( A )

Zr 1 9 1 ( 1 1 9 ) 3 1 9 (8 A ) 2 5 9 ( IS A )

K20/A1203

K/Rb

0.35 0.29 0.2A

311 37A 5AA

K/Ba 36 29 18

Ba/Rb 9 13 31

K20/(Ca0+Na20) 0.99 0.87 0.59

Sr/Ca0 221 2A7 2A9

A Creag Mhor Formation (Corrieyairack Pass area, 7 analyses)

B Al 11 Luaidhe Formation (Corrieyairack Pass area, A analyses)

C Gairbeinn Pebbly Semi-psammite (Corrieyairack Pass area,
5 analyses)



Mhor psammites suggest that they had a higher content of detrital 

apatite and oxide phases. Also the slightly higher K/Rb,

K^O/(CaO+Na^O) and Ba/Rb ratios of the Creag Mhor psammites suggest 

that they contained a slightly higher proportion of detrital 

K-feldspar to plagioclase and hence were a little more "mature" 

than the Chathalain psammites. Again, this observation is consistent 

with the conclusions reached for the associated semi-pel i tes.

The A 111 Luaidhe Formation semi-psammites are also chemically 

similar to those of the Garva Formation, differing significantly 

only in their Nb contents presumably for the same reasons suggested 

above.

The slightly higher K/Rb, Ba/Rb and Sr/CaO ratios of the Allt 

Luaidhe semi-psammites suggest that they had a somewhat higher 

content of detrital K-feldspar, while the semi-psammites in both 

formations contain similar amounts of total iron, MgO, Cr, Ni and 

MnO suggesting a similar content of basic detritus derived from 

their source rocks.

Analyses of the Gairbeinn Pebbly Semi-psammite (Haselock, 1982) 

are, strictly, not comparable with those of the Garva Formation 

because they were only obtained from the matrix of the rock. These 

matrix analyses contain higher CaO, Ba and lower Rb than the Garva 

semi-psammites. The higher K/Rb, Ba/Rb and Sr/CaO ratios of the 

Gairbeinn Pebbly semi-psammite matrix suggest that if contained a 

higher proportion of detrital K-feldspar in their sediments. Also, 

the higher TiO^ and total iron content of the Gairbeinn pebble 

matrix suggest that it may have contained a higher proportion of 

detrital ilmenite than the Garva semi-psammites.
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b) The Corrieyairack Succession 

i) Semi-peli tes

The Coire nan Laogh semi-pelites of the Corrieyairack Pass 

area (Haselock, 1982) contain significantly higher F e ^ ,  Ba, and 

Nb but lower FeO, Cr and Ni than the stratigraphically equivalent 

formation in the Loch Laggan-Upper Strathspey area, as indicated 

by a student's t-test at the 95% level of confidence (Table 7.8).

These features suggest that the Corrieyairack Pass area 

Coire non Laogh semi-pelites were more oxidised than those of the 

present study area. The higher K/Rb, Ba/Rb and Sr/CaO ratios of 

the Corrieyairack Pass semi-pelites suggest that they contained a 

higher proportion of detrital K-feldspar to i11ite than those of 

the Loch Laggan-Upper Strathspey area. The higher Nb content of 

the Corrieyairack Pass area semi-pelites is additional evidence of 

a higher content of detrital heavy minerals in these rocks.

By contrast, the higher FeO, Cr and Ni content of the semi-pelites 

of the Loch Laggan-Upper Strathspey area suggest that they had a 

higher proportion of basic detritus in their source rocks.

The semi-pelites of the Glendoe Formation in the Loch Laggan- 

Upper Strathspey area contain significantly higher CaO, Na20 and 

Sr but lower Ba than those of the Knockchoilum Formation in the 

Corrieyairack Pass area. These differences, taken together with 

the higher K/Rb, Ba/Rb and Sr/CaO ratios of the Knockchoilum semi- 

pelites indicate that they contained a higher proport'on of detrital 

K-feldspar to plagioclase than those of the Glendoe Formation. This 

suggests that the Knockchoilum semi-pelites were slightly more 

"mature" than those of the Glendoe Formation. Their comparable 

contents of total iron, MgO, Cr and Ni (Tables 7.1 and 7.8) suggest 

that they had similar proportions of basic detritus in their source

rocks.
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Taala 7.j: naan* of semi-sel¡tes from the Cornavai rack Succass .on in the Loch laooan-uooar Stracn»p«yj.
t o r r «vi 'jck

A

..... . . 0  

• C 0 C r 0 N 1

SiO, 59.84(1.*5) 59.59(4.39) 60.10(2.36) 59.25(4.51) 56.70(4.4)) 59.76(4.10) 5*.440.1 6 ) 40.63 0.26) 58.07(4.60

TIOj 3.97(0.04) 0.91(0.6 l) 1.06(0.61) 0.38(0.13) 0.95(0.13) 0.38(0.15) 0.46(0.09) 0.87(0.12) 0.94(0.14)

*1,0. •8.58(0.65) 18.46(1.73) 17.64(1.56) 17.99(1.57) i8.r7(2.05) 16.83(2.18) 18.40(7.01) 17.410 .8 8 ) 1 8 .94'2.441

f«,°, 1.67(0.35) 2.840.76) 1.47(0.38) 1.30(0.19) •8.29(1.»*) *7.71(1.)*) 1.63(0.47) 1.54(0.75) *7.560 .61»

f«0 5.10(0.9*) 3.8*0.89) 6.76(1.20) 4.82(1.13) - * 5.08(0.66) 5.01(0.90 *

m 0 3.12(0.36) 0.13(0.10) 0.14(0.38) 0.12(0.03) 0 .1 3 (0 .0 2 ) 0.16(0.07) 0 .1 0 (0 .0 3 ) 0.15(0.05) 0.19(0.04)

•^0 2.20(0.29) 2.20(0.55) 2.35(0.37) 2.70(0.42) 2.68(0.48) 2.50(0.48) 2.22(0.65) 2.61(0.50) 2.49(0.5?)

CaO :.i*(o.9S) 1.89(0.51) 3.52(1.50) 1.9K0.76) 1.54(0.30) 2.35(2.10) 1.58(0.87) 2.56(0.36) 2.320.13)

V
<.3

2.56(0 98) 2.68(0.91) 3.20(0.S9) 2.46(0.52) 2.46(0.66) 3.16(0.98) 2.36(1.05) 3.49 0  . 05) 2.76(1.50)

3.52(0.45) 3.83(0.65) 3.24(1.09) 4.71(1.67) 4.38(0.97) 3.32(1.18) 6.84(1.51) 2.910.15) 3.36(2.19)

V î 3.29(0.10) 0.29(0.08) 0.40(0.21) 0 .3 3 (0 .1 8) 0.23(0.07) 0.27(0.09) 0.31(0.12) 0.27(0.12) 0.27(0.06)

3CM
3a 753(224) 1019(262) 814(308) 1265(241) . . 1256(508) 768(305) .

Cr 64(5) 57(11) 60(16) 59(9) 114(13) 111(23) 7K8Î 67(12) 116(21)

sb 17(2) 29(5) 17(4) 2 2 (8 ) 17(3) 17(2) 1 6(1) 25(6) 15(5)

SI 37(12) 23(9) 3K7) 39(7) *3(5) 38(5) 32(15) 38(7) 36(8)

4b ’56(27) 157(18) 147(28) 167(3) 187(26) 138(41) 1 8 0 (2 8 ) 132(37) 161(71)

Sr 277(135) 262(78) 369(68) 275(65) 242(69) 3 1 2 (8 0 ) 259021) 357003) 295(276)

Y 39(8) 34(5) 40(21) 36(12) 36(8) 41(8) 40(6) 3701) 36(5)

l r ’89(23) '97(40) 37K35D 219(54) <68(32) 225(94) 728(76) 261(86) 214(109)

Sr/CaO 129 139 144 157.14 »32 139 127

</4b 187 2 0 2 234 215.45 201 ’83 197

</ta 39 31 31 31
la/R* 4.83 6.49 7.46 5.82

:a0/v 5*9 556 531 * 2 8 560 692 682

W 76 85 92 64 64 73 79
4b/Sr 3.56 3.60 0.61 0.78 3.44 0.37 0.55
ir/Y 7.10 7.91 7.64 6.72 7.40 9.65 3.68

<.0/'Ca0*ka,31 0.75 3.84 1.38 1.22 0.60 9 .1 8 0.76

Total iron il r«jOj

4 Cairt -»an laoqh Formation 'loci* Laoaan-Uooar Strathsoav araa, 14 analytes) 
Î loir« n«n „aoqn formation ^Corrlevairack *ass ar«a. ’ 0 anaivtas) 

iItnooa "ormatton Locn .aqqan-Uooar Strathspey area, 3 analysas)
3 'nocucftoi I urn formation (Corr¡ayairaçk 9a n  araa. 6 analysas)

<nockchoi lorn formation (Kill in araa, 9 analysas) 
e j i «naoe formation (Kill in araa. 13 analysas)
3 “oriaM nth formation (Loch .aggan-'jpper Strathspey araa. 7 analysas)
H ^onaohiiath formation (Corrlayairack “ass araa. 23 analysas)

*onaOhliath formation (Kill In araa, S analysas)
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The Monadhli ath semi-pelites of the Corrieyairack Pass area 

(Haselock, op.cit.) contain significantly higher amounts of MnO,

CaO, Na 0, Nb but lower K20, Ba and Rb than the Monadhliath 

Formation semi-pelites of the Loch Laggan-Upper Strathspey area 

(Table 7.8).

These differences suggest that the Monadhliath semi-pelites 

of the Corrieyairack Pass area contained a higher proportion of 

detrital plagioclase to K-feldspar than those of the Loch Laggan- 

Upper Strathspey area.

As a result of the small number of samples considered and 

the very low concentrations of MnO and Nb in these rocks, the 

differences in the content of these two elements must be assessed 

with caution. These differences may not, in reality, be significant.

The similarity in the total iron, MgO, Cr and Ni contents of 

the two groups of semi-pelites suggest that they both contained 

similar proportions of basic detritus in their sediments, and 

hence had a similar provenance.

Statistically, there is no significant difference between the 

chemistries of Glendoe Formation semi-pelites in the Killin area 

(Whittles, 1981) and those of the Loch Laggan-Upper Strathspey 

area, except for the higher Cr and Ni contents of the Killin area 

semi-pelites. This may suggest that the Killin area rocks contained 

a higher proportion of basic detritus in their sediments.

Compared with the Knockchoilum Formation semi-pelites of the 

Killin area (Whittles, 1981), the Glendoe Formation semi-pelites 

of the present study area contain significantly higher CaO, Na20, 

P205 and Sr but lower K20, total iron, Cr, Ni and Rb.

These differences imply a higher proportion of detrital 

plagioclase to i11ite and chlorite in the Glendoe semi-pelites
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of the Loch Laggan-Upper Strathspey area, and hence their greater 

immaturity. This observation is consistent with paieocurrent 

trends and hence sediment transfer towards the NNW (Chapter 4) 

and implies a more extended transport for the Kill in area sediments.

The Monadh1i ath semi-pelites of the Kill in area (Whittles, 1981) 

are chemically similar to the Monadhliath semi-pelites of the 

present study area. The student's t-test shows a significant 

difference only in their contents of MnO and Cr, at the 95% level 

of confidence. The small numbers of the samples considered suggest 

that these differences may not, in reality, be truly significant, 

and should be assessed with caution. However, they may suggest 

that the Killin area sediments contained a slightly higher proportion 

of basic detri tus.

i i) Semi-psammi tes

The Coire nan Laogh semi-psammites of the Corrieyairack Pass 

area (Haselock, 1982) (Table 7.9) contain significantly higher 

MnO, CaO, Sr and Nb but lower K20 than stratigraphically equivalent 

semi-psammites of the Loch Laggan-Upper Strathspey area. These 

differences taken together with its lower ^ 0  (Ca0+Na20) ratio 

imply that the semi-psammites of the Corrieyairack Pass area 

contained a higher proportion of detrital plagioclase to K-feldspar.

Their higher Nb and P2®5 contents maY suggest that they also 

contained higher proportion of detrital heavy minerals including 

apatite and oxide phases. They, however, contain similar concentrations 

of total iron, MgO, Cr and Ni indicating a similar proportion of 

basic detritus in their sediments and hence source rocks.

The Knockchoilum semi-psammites of the Corrieyairack Pass 

area (Haselock, op.cit.) (Table 7.9) contain significantly higher 

Sr and Nb but lower K20 and Ba than the Glendoe semi-psammites of



Table 7.9: Means of semi-psammites from the Corrieyairack Pass and 
— ' Ki11 in areas

A B C D E

SiO, 65.31(2.67) 66.84(4.06) 70.01(1.78) 69.40(2.76) 68.90(0 .74)
2

Ti02 0.64(0.06) 0.67(0.15) 0.55(0.11) 0.68(0.09) 0.64(0.06)

A,2°3
Fe2°3

FeO

17.08(1.93) 14.17(1.79) 13.47(0.89) OO CD KjJ 00 13.33(0.98)

0.97(0.13) 1 .03(0.50) 0.78(0.18) *4.81(0.75) *4.34(0.58)

3.74(0.45) 3.72(1.06) 2.91(0.25) - -

MnO 0.25(0.02) 0.11(0.04) 0.12(0.06) 0.09(0.02) 0.12(0.03)

MgO 1.58(0.36) 2.16(0.64) 1.40(0.19) 1 .60(0.27) 1.42(0.19)

CaO 4.05(1.13) 2.51(1.70) 2.65(0.85) 1.57(0.24) 2.92(1.17)

Na20

KO

3.48(1.39) 3.37(0.50) 3.87(0.43) 3.08(0.53) 3.11(0.52)

1.43(0.45) 2.63(0.84) 1.75(1.04) 2.93(0.45) 2.15(0.57)
L
P 0
2U5

0.35(0.14) 0.21(0.09) 0.14(0.06) 0.15(0.04) 0.15(0.03)

Ba 350(280) 677(216) 516(325) - -

Cr 38(7) 42(7) 34(3) 85(13) 81(6)

Nb 29(9) 24(5) 24(7) 16(3) 17(2)

Ni 36(12) 28(6) 25(5) 30(3) 28(2)

Rb 76(42) 106(30) 71(24) 101 (2.1) 89(13)

Sr 410(98) 327(51) 439(107) 263(42) 367(71)

Y 25(2) 29(6) 22(5) 29(5) 32(5)

Zr 219(31) 250(107) 270(129) 225(68) 265(67)

K/Rb 156 206 205 241 201

K/Ba 34 32 28 - -

Ba/Rb 5 6 7 - -

K20(CaO+Na2O) 0.19 0.45 0.27 0.63 0.36

Fe^total+MgO 

*Total iron as

6.70

Fe203

7.32 5.40 6.41 5.76

A Coirenan Laogh Formation (Corrieyairack Pass area, 3 analyses) 

B Knockchoilum Formation (Corrieyairack Pass area, 21 analyses)

C Monadhliath Formation (Corrieyairack Pass area, 6 analyses)

D Knockchoiium Formation (Kill in area, 4 analyses)

E Giendoe Formation (Kill in area, 9 analyses)
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the Loch Laggan-Upper Strathspey area. These differences taken together 

with the higher mean CaO and Zr values of the Knockchoilum semi-psammites 

suggest that they contained a higher proportion of detrital plagioclase 

and heavy minerals to K-feldspar than the Glendoe semi-psammites.

This is exactly the opposite of the differences observed between 

their associated semi-pelites and may imply that the Glendoe Formation 

sediments which were largely graded turbidites (see Chapter A) were 

less well sorted than those of the Knockcholium Formation.

Again the Monadhliath Formation semi-psammites of the Corrieyairack 

Pass area contain significantly more Nb but less Tefly FeO, MgO 

and Cr than the stratigraphica1ly equivalent semi-psammites of the 

Logh Laggan-Upper Strathspey area.

These differences imply a higher proportion of basic detritus 

in the sediments of the Loch Laggan-Upper Strathspey area semi- 

psammites, but proportionately less detrital heavy minerals, when their 

lower mean Zr content is also considered.

Compared with the Glendoe semi-psammites of the Killin area 

(Whittles, 1981) (Table 7-9), the stratigraphically equivalent rocks of the 

present study area contain significantly higher A^O^, Ti02» MgO, 1^0,

Rb but lower SiO^» MnO, CaO, total iron, Cr, Sr, Y and Zr. These 

differences suggest that the Glendoe semi-psammites of the Loch Laggan- 

Upper Strathspey contained a higher proportion of clay minerals to plagioclase 

(and possibly carbonate) and detrital heavy minerals than those of the 

Killin area.

Also, the Glendoe semi-psammites of the present study area contain 

significantly higher Al^O^i MgO but lower SiO^ and Cr than the 

Knockchoilum semi-psammites of the Killin area. Again this implies a 

higher proportion of clay mineral to quartz in the Loch Laggan-Upper 

Strathspey rocks.
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The higher Cr content of the Kill in rocks is difficult to 

explain since the Glendoe semi-psammites contain higher total iron 

and MgO than the Killin rocks. Given the small number of samples 

considered, it is possible that this difference in their Cr contents 

is not really significant.

Psammite analyses are not available from the formations of the 

Corrieyairack Succession in the Corrieyairack Pass and Killin areas.
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^ g  C om parison with other metasediments f r o m  the Scottish Highlands

Lambert et al.(1981) have found that the most useful geochemical 

parameters for distinguishing the more mature semi-pelites of the lower 

part of the Dalradian Appin Group from those of the Moines of the 

northern Highlands were the following element ratios: CaO/Y, P ^ / Y ,

K/Rb, Rb/Sr; Ca0/Y<310, P^/Y cS S, K/Rb<2A0 and Rb/Sr>0.65 characterising 

the Appin Group semi-pel i tes .

Except for the Chathalain semi-pe1ites, semi-pelites of the other 

lithostratigraphic units in Loch Laggan-Upper Strathspey area have 

much higher mean CaO/Y, P ^ / Y  and K/Rb ratios than the APP'n GrouP 

semi-pelites (Table 7.1). Except for the Monadhliath and Chathalain 

semi-pelites, the semi-pelites of the other formations of the present 

study area also have lower mean Rb/Sr ratios than the Appin Group rocks. 

These semi-pelites therefore possess "Moine"-like chemical characteristics 

with regard to these chemical parameters, whereas the Chathalain semi- 

pelites are thus similar to those of the "mature" Appin Group in 

certain respects.

Such similarities cannot, however, be equated with stratigraphical 

equivalence. Such correlations must be based on detailed sedimentological, 

structural and chronological equivalence.

Analyses published by Lambert et al« (1981) and Winchester et al.

(1983) (Table 7.10) show that the Basal Morar semi-pel ite contains 

higher P ^ ,  Rb, Y and Zr but less Ti02 than the Garva semi-pelites.

These differences taken together with the higher K/Rb, Ba/Rb, Sr/CaO,

CaO/Y and lower Rb/Sr ratios of the Garva semi-pelites suggest that 

they contained a higher proportion of detrital K-feldspur and Ti02” 

bearing phases to clay minerals, apatite and zircon than those of the 

Basal Morar Pel ite. They may also be related to some differences in the 

mineralogy of the source rocks for the two units.

The Garva and Chathalain psammites are chemically similar to the
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Table 7.10: Means of semi-pelites from parts of the Scottish 
H i qhlands

A B C

S10, 60.1 63.13(1.05) 62.22(1*.66)

T102 0.86 0.80(0.07) 1 .1Í» (0 .28)

A12°3

Fe2°3
FeO

17.3 17.33(0.21) 16.130 .33)

*6.2 0.73(0.36) 1.70(0 .38)

l*.98(0 .26) 5.07(1.11)

MnO 0.09 0 .13(0 .02) 0 .10(0 .03)

MgO 2.2 2 .01(0 .11) 3.1*5(1 -31)

CaO 2.7 2.03(0.65) 1.69(0.70)

Na20

K O

3.8 3.38(0.45) 2.32(0.55)

1*. 3 3.10(0.90) 5.95(1.1*2)

4 0.25 0.2i*(0.03) 0.21(0.06)

Ba 1210 898(270) 1075(325)

Cr - 63(8) 6 8 (72)

Nb 11 20(5) 23(6)

N! 27 32(A) 23(8)

Rb 111* 125(32) 217(58)

Sr 506 3**7(7M 261* (1*9)

Y 27 37(3) 1*9(17)

Zr 320 199(52) 1*66(393)

*Tota1 iron as Fe2°3

313K/Rb 206 228

Ba/Rb 11 7 5

Rb/Sr 0.23 0.36 0.82

Sr/CaO 187 171 156

CaO/Y 1000 5<*9 3i*5

p2°5/y 93 65 i*3

A Basal Morar Pel ite (25 analyses)

B Glenshero Lodge area (5 analyses)

C Tummel Psammlte (16 analyses)
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Lower Morar Psammites (Table 7.11). The higher total iron, MgO and Cr 

contents of the Morar Psammites suggest that their sediments contained 

a higher proportion of basic detritus.

Analyses of supposedly Central Highland Division semi-pel i tes near 

the Glenshero Lodge (NN550932) (J.A. Winchester, personal comm.)

(Table 7.10) show that they are chemically similar to the Glendoe 

semi-pel ites except for their significantly higher Si02 and lower F e ^  

contents. The slightly higher total iron and MgO contents of the 

Glendoe semi-pelites taken together with their lower K/Rb, Ba/Rb ratios 

suggest that they contained a slightly higher proportion of chlorite 

to detrital K-feldspar, and hence were a little more "mature".

Also, analyses of the Tummel semi-pelites (J.A. Winchester, personal 

conn.) (Table 7.10) show that they are closest chemically to the 

Chathalai n semi-pel i tes , except for the significantly higher A l ^  

and Ni contents of the Chathalain rocks. These differences may be 

the result of sampling more pelitic bands in the Chathalain Formation 

since both groups of semi-pelites contain similar total iron and 

MgO concentrations.

Analyses of the Eilde Flags (Hickman, 1972) quoted by Haselock 

(1982) (Table 7.11) show that the semi-psammites contain significantly 

less total iron, P ^ ,  Ba, Sr but higher Y than those of the Garva 

Formation. These differences taken together with the higher Si02 content 

of the Eilde semi-psammites suggest that they were more mature. They 

also indicate that the Garva semi-psammites contained a higher proportion 

of heavy minerals and basic detritus in their sediments, and hence were

probably from a different provenance.

A plot of Sr/Y against A l ^ / N a ^  ratios of Lewisian Gneisses 

and various northern and central Highland semi-pelites (Fig.7-18) 

(Winchester, pers. comm.) shows a negative correlation of Sr/Y with 

Al203/Na20.
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Table 7. 11 : Means of psammites and semi-psammi tes from parts of the
Scott i sh 

A

H i qhlands

B C D

SiO, 75. OA 75.16 77.35 72.03(2 .5A)

Ti 02 0.55 0.76 0.61 .70(.26)

Al2°3

*Fe2° 3

MnO

11.91 11 .A8 11.06 12.77(3.IA)

3.05 3.05 3.12 3 .1A ( .87)

0.06 0.05 0.07 .05(.02)

MgO 0.81 0.73 0.88 1.81(3.08)

CaO 1.26 1 .AA 1.56 2.20(1.50)

Na?0

k2°

P2°5

2.65 2 .A6 2.A3 3 .11(1.28)

3.91 A . 00 2.39 3.26(.97)

0.15 0.12 0.10 .06(.05)

Ba 879 938 628 776(318)

Cr 106 111 30 -

Nb 8 12 13 15(A)

Ni 6 8 15 -

Rb 117 116 66 8A(27)

Sr 3A8 311 290 179(70)

Y 17 21 21 26(8)

Zr 257 391 273 698(358)

K/Rb 280 290 300 322

Ba/Rb 7.5 8 9.5 9

K20(Ca0+Na.0) 1.0 1 .02 0.6 0.61

Sr/CaO 276 216 186 81

Rb/Sr 0 .3A 0.37 0.23 0.A7

Fe^Ojtotal+MgO 3.81 3.78 A.00 A.95

A Lower Morar Psammite No.2 (29 analyses)

B Lower Morar Psammite No.A ( 18 analyses)

C Glenfinnan Division (16 analyses)

D Eilde Flags semi-psammites (2A analyses)

total iron as Fe20j



1 5  3

High Sr/Y and low A l ^ / N a ^  ratios characterises the Lewisian, 

and with decreasing Sr/Y and increasing A l ^ / N a ^  ratios the semi-pelitic 

rocks in the various units plot in the order shown in Fig.7.18. The 

Basal Morar Pelite and those of the Garva and Gairbeinn Pebbly unit 

plot closest to the Lewisian gneisses, whereas those of the Lower 

Dal radian Appin Group are farthest from the Lewisian.

This diagram which is essentially a plot of plagioclase against 

clay minerals suggests an increasing proportion of clay minerals to 

plagioclase from the Basal Morar Pelite and the Upper Glenshirra 

Succession semi-pel ites to those of the Lower Dal radian. It implies an 

increase in sediment "maturity" from the former group of rocks to the 

pel ites of the Appin Group. In this respect, it seems that the Basal 

Horar Pelite retains most of the characteristics of its inferred 

Lewisian-1 ike source rocks (Plant et al , 198M . In this respect the 

semi-pelites of the upper part of the Glenshirra Succession are similar 

to those of the Basal Morar unit in resembling first-cycle sediments.

The semi-pelites of the remaining Moine, Grampian and Torridonian 

units appear to have been derived from more chemically weathered rocks, 

while those of the Appin Group appear to have been more recycled and 

may have been second generation sediments (see also Plant et al, op.cit.).
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CHAPTER 8 

IGNEOUS ACTIVITY

8.1 Introduction

A wide range of igneous rocks intrude the metasediments of the 

Loch Laggan-Upper Strathspey area. They include dykes, sills and stocks 

of microdiorltes (sensu Smith, 1979), andesites, granitic pegmatites, 

granites, porphyritic felsites as well as the batholithlc Corrieyairack Granite

Complex.

Some of these igneous rocks were described by Anderson (1956) and a 

more detailed petrologic and isotopic study of the granites and pegmatite 

complexes has been recently undertaken by Clayburn (1981). The detailed 

petrology of these Igneous rocks is beyond the scope of this research, but 

a brief description of their petrography and their relationship to the late 

deformation phase, D3, are discussed below. The thermal effects of the 

Corrieyairack Granite Complex on the country rocks has been discussed in 

Chapter 6.

8.2 The Corrieyairack Granite Complex

The Corrieyai rack Granite Complex is a composite elongate body 20km 

long and 1.6 to A.8 km wide (Fig 8.1) trending NE-SW (Anderson, 1956; Clayburn, 

1981; Haselock, 1982) comprising early pink granites of the Corrieyairack 

vein complex, which were later cut and partially removed by the later 

hornblende granodiorite (Clayburn, op. cit.). Only the latter granitic 

variety was observed in this study area.

The contacts of the complex with the country rocks are often marked by 

extensive veining and it also contains xenoliths of the metasediments.

a- Early pink grani te

Clayburn (op. clt.) describes this as a medium-grained, leucocratic 

granite varying in colour from white to red, the colour variations arising from





the changing proportions of pink feldspar. Essentially the rock contains 

microcline, orthoclase, plagioclase and quartz with minor amounts of biotite 

and muscovite as well as accessory zircon, apatite, sphene and opaques.

Clayburn also observed garnet in the more evolved aplites and pegmatites 

associated with the granite.

b. The Hornblende granodiorite

The hornblende granodiorite is medium-grained and consists of plagioclase 

(c. 60%), orthoclase (c.15%), quartz (c .17S) biotite (c.6%), and hornblende 

(c.2%) as well as accessory sphene, zircon, apatite and opaques. (Plate 8.1).

Plagioclase has the composition of oligoclase (An 22-28) and occurs 

as euhedral to subhedral grains which occasionally show oscillatory zoning and 

sericitised cores. Plagioclase albite twin lamellae may be bent as a result 

of late deformation (DA).

Orthoclase may be perthitlc and occasionally shares myrmekitic 

intergrowths with plagioclase.

Quartz occurs as anhedral grains which show weak undulatory (strained) 

extinction.

Biotite occurs as brown, subhedral grains and as anhedral inclusions 

in hornblende. It may be partially altered to greenish chlorite.

Hornblende occurs as greenish, euhedral to subhedral prisms which 

occasionally show multiple twinning.

8.3 The Loch Laqgan Pegmatite Complex

The Loch Laggan Pegmatite Complex (Anderson, 1956) consists of a 

concentration of vertical dykes in a belt trending NE-SW north-west of Loch 

Laggan from Its western end to Garva Bridge (NN 5229^7) (Pig 8.1). According 

to Anderson (op. cit.) and Clayburn (op. cit.) the pegmatites extend both to 

the SW and NE beyond the present study area. The main focal centres of 

Pegmatite dyke Intrusions in this study area occur extensively immediately north 

°f Loch Laggan, on the southern slopes of Creag Liath (NN A9A936) and the
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Plate 8.1 : Corrieyairack Granodiorlte containing hornblende 

with inclusions of magnetite, and also biotite, 

plagioclase and quartz. Plane polarised light 

Scale bar represents 0.1mm

Plate 8.2 : Large mlcrocline phenocryst containing smaller 

grains of quartz, plagioclase. Pink Pegmatite. 

NN 5089k0. Crossed niçois. Scale bar

represents 0.2mm.
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Plate 8.1 : Corrieyairack Granodiorlte containing hornblende 

with inclusions of magnetite, and also biotite, 

plagioclase and quartz. Plane polarised light 

Scale bar represents 0.1mm

Plate 8.2 : Large microcline phenocryst containing smaller 

grains of quartz, plagioclase. Pink Pegmatite. 

NN 508940. Crossed ntcols. Scale bar

represents 0.2mm.



Plate 8.1 : Corrieyairack Granodiorite containing hornblende 

with inclusions of magnetite* and also biotite, 

plagioclase and quartz. Plane polarised light 

Scale bar represents 0.1mm

Plate 8.2 : Large mlcrocllne phenocryst containing smaller 

grains of quartz, plagioclase. Pink Pegmatite. 

NN 50891(0. Crossed nicols. Scale bar

represents 0.2mm.
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south-easterly slopes of Stac Buidhe (NN 522928) where they may locally 

occupy up to 70% of the exposed rock area. They vary from greyish to pink 

granite pegmatites. In some places, e.g. at NN 484885> early members of this 

pegmatite dyke complex have been folded during D3 (Plate 5.12, Chapter 5).

8.3a Pink Pegmatites

The pink pegmatites are more abundant than the grey variety. They 

consist predominantly of microcline (c.70%), plagioclase (c.4.5%) and quartz 

(c.25%) with very minor muscovite.

Microcline occurs as very coarse grains up to 20cm in diameter which 

is occasionally perthitic and contains inclusions of small plagioclase grains 

(Plate 8.2).

Plagioclase composition is albite (An6-8) with twin lamellae which are 

occasionally bent by late deformation (D4). It may be partially sericitised.

Quartz occurs as anhedral grains, up to 1cm in diameter, intergrown

with microcline, and show undulatory extinction.

Muscovite occurs as rare inclusions in microcline. Opaques probably

magnetite occur as accessories.

8.3b Grey pegmatitic granites

The grey pegmatitic granites are generally porphyritic and contain 

megacrysts of perthitic microline up to 20 cm in diameter which together 

with smaller mlcrocllne grains comprise up to 65% of the rock. Plagioclase 

(4% ) occurs as anhedral alblte-ol igoclase (Anl0-15) inclusions in microcline. 

Plagioclase albite twin lamellae are occasionally bent by late deformation (04). 

Quartz (c.25%) occurs as anhedral grains up to 1cm in diameter which are 

intergrown with microcline and show undulatory (strained) extinction.

Muscovite (c.4%) occurs as subhedral inclusions in microcline. Blotite occurs 

as rare laths, 0.5-l-5mm long, contained in microcline.

/»I_I___  /infil ) Use alcn reoor t-oH namet from some of the "white" pegmatites



1 5 7

of the Loch Laggan Complex, but none was seen in the few samples collected 

in this study.

These pegmatitic granites may represent the effects of injection of 

volatile-rich pegmatite fluids into granitic veins. By Loch Laggan cross

cutting relationships imply that several, up to four broadly contemporaneous 

suites of pegmatites and aplitic veins are present.

The concentration of these pegmatites near Loch Laggan may suggest that 

an unexposed batholith exists at depth.

8.It Porphyritic Felsites

These are pink, fine-grained rocks which have been observed to cut and 

hence post-date the pegmatites and the granites of both the Loch Laggan and 

Corrieyairack complexes respectively.

The felsites contain phenocrysts of orthoclase, quartz and plagioclase 

up to 2mm in diameter in a ground mass consisting of fine-grained orthoclase 

and quartz (Plate 8.3). The plagioclase feldspars are extensively sericitised.

Discuss!on

The late alteration observed In the granites, pegmatites and felsites 

suggest late-stage volatile activity. Since these rocks largely represent 

the last stages of the evolution of a granitid magma, high volatile 

concentrations are to be expected. Clayburn (op. cit.) has suggested that 

some of the muscovite grains in the pegmatites may be the product of this 

later alteration. Similar, deuteric alteration has been reported in the 

granodiorite of the Corrieyairack Pass area (Haselock, 1982).

Isotopic analyses of Sr, Pb and Nd (Clayburn, op. clt.) indicate that these 

granitic rocks were the products of crustal melting in response to adiabatic 

decompression of the Grampian metamorphic pile arising from uplift and erosion.



Plate 8.3 : Phenocrysts of orthoclase in a groundmass of fine-grained 

K-feldspar and quartz. Porphyritic felsite of the Loch 

Laggan Complex. NN *159850.

Crossed nicols. Scale bar represents 0.1mm.

Plate 8.k : Aligned blotlte and early muscovite grains defining 

the iineation in early gneissose granite. Late 

porphyroblastic muscovite (M) is at upper left-hand 

corner. NN 5229**7.

Plane polarised light. Scale bar represents 0.1mm
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1 Plate 8.3 : Phenocrysts of orthoclase in a groundmass of fine-grained

K-feldspar and quartz. Porphyritic feisite of the Loch 

Laggan Complex. NN 1*59850.

Crossed nicols. Scale bar represents 0.1mm.

(

E

Plate 8.1* : Aligned biotlte and early muscovite grains defining 

the lineation in early gneissose granite. Late 

porphyrob 1 astic muscovite (M) is at upper left-hand 

corner. NN 52291*7.

Plane polarised light. Scale bar represents 0.1mm
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metased ¡merits at several localities (Fig 8.1). These granites are relatively 

rare compared to the earlier described granitic bodies. Both pink and grey 

varieties of these gneissose granites have been observed on Creag Chathalain 

(NN 1*919̂ 7) but no direct relationship could be seen between them in the 

field, although Clayburn (op. cit.) suggested that they pass gradationally 

into one another. The colour variation arises from the varying proportions 

of microcline to plagioclase in the rocks. Also the plagioclase-rich rocks 

lack muscovite. Textural evidence suggests that these rocks have been 

metamorphosed; their qneissoslty is defined by the preferred orientation of 

biotite,ear1y muscovite grains and elongate quartz grains.

It has also been observed that these granites are intruded by the andesite 

at NN 520937 indicating that these granites are earlier than the andesite.

Biotite is usually the more abundant mica, constituting about 6? of the 

rock. It occurs as anhedral grains, 0.5-lmm long, which define the lineation 

(Plate 8.¡i) and is occasionally partially replaced by chlorite.

Muscovite is a minor constituent in the microcline-rich variety. Two 

generations of muscovite were recognised: an earlier aligned group of grains 

0.5-lmm long and a later porphyroblastic suite consisting of grains 1.2-1.5mm 

long cross-cutting and enclosing earlier-formed minerals (Plate 8.1»).

Microcline may comprise up to 31% of the pink gneissose granite. It occurs 

both as small grains about 0.5™ in diameter and larger ones 1.5-2mm in diameter 

which are occasionally perthitic.

Plagioclase is oligoclase (Anl4-20) and occurs as subhedral grains 0.5- 

lmm In diameter, occasionally sharing myrmekitlc boundaries with microcline 

grains. It may constitute up to 50% of the grey varieties of gneissose granites.

Quartz comprises up to 1 »  of the rock occurring as anhedral grains 

0.5-lmm in diameter and showing undulatory extinction. Accessory minerals 

include opaques (probably magnetite ) epldote, apatite and zircon.

Discussion

The presence of blotlte fabrics In some of the granites of this area has 

been attributed to inheritance from absorbed xenollths (Clayburn 1981).
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However, the observed parallelism of the granite mica fabrics to the regional 

D3 llneatlons suggests that this pervasive fabric In the granites Is the 

result of their intrusion during this episode of deformation (Chapter 5).

This llneatlon in the granites is cross-cut by the late porphyro blastic 

muscovite Inferred (Chapter 6) to be the product of the M3 metamorphlc event, 

which probably produced the recrystallised, metamorphlc fabric observed In 

these rocks.

3.6 The microdiorite suite

The microdiorites (sensu Smith, 1979) occur as thin 0.1-0.5 m thick 

subconcordant dykes and sills In the metasediments (Fig 8.1). The thinner 

sheets are usually fine-grained while the thicker ones possess fine-grained 

chilled margins and sharp contacts with the host rocks. Rare cross-cutting 

relationships (eg at NN 433881) indicate that the microdiorites post-date 

the pegmatites.

The microdiorites are unfoliated, equigranular rocks varying in 

composition from dark, hornblende-rich rocks to a leucocratic, plagioclase- 

rich variety.

a. Mafic microdiorite consists predominantly of hornblende (up to 70%)

with varying amounts of colourless amphlbole, plagioclase and epidote. Colourless

amphibole and epidote are more abundant in the more highly altered rocks.

Hornblende occurs as green to brownish subhedral grains 0.5-2mm long 

commonly overgrown by late, colourless amphibole thought to be actinolite 

(Plate 8.5). In the more highly altered rocks, this secondary amphibole 

becomes very abundant (Plate 8.6). Some of the hornblende grains may be

bent by late deformation Inferred to be D4.

Secondary, colourless amphibole occurs as pale green or colourless, aclcular 

grains 0.8-1.5mm long which commonly overgrows or replaces hornblende. It may 

comprise up to 40% of the highly altered microdiorites.



Plate 8.5 : Hornblende overgrown by pale, actinolitic? amphibole.

Plate 8.6

in mafic microdiorite. NN 1(32881,

Plane polarised light. Scale bar represents 0.1mm

More intensely altered mafic microdiorite. Hornblende 

has been more extensively replaced by pale actinolitic? 

amphibole, and plagioclase by epidote and albite.

NN 431881*.

Plane polarised light. Scale bar represents 0.1mm



Plate 8.5 : Hornblende overgrown by pale, actinolitic? amphibole, 

in mafic microdior1 te. NN 432881,

Plane polarised light. Scale bar represents 0.1mm

Plate 8.6: More intensely altered mafic microdlorite. Hornblende

has been more extensively replaced by pale actinolitic? 

amphibole, and plagioclase by epidote and albite.

NN 431884.

Plane polarised light. Scale bar represents 0.1mm
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Epidote occurs mainly in the more highly altered rocks as xenoblastic 

grains, 0.5-1.5nn in diameter (Plate 8.6) It is commonly intergrown with 

albite and the late, colourless amphibole.

Biotite may constitute up to 20% of the rock in some of the very highly 

altered rocks where it occurs as greenish brown subidioblastic grams 

overgrowing hornblende, and intergrown with pale, acicular amphibole.

Some biotite is partially chloritised.

In the least altered rocks, the plagioclase composition is oligoclase 

(An 20-25) which occurs as anhedral grains 0.8-1.6mm in diameter, comprising 

up to 25% of some samples , and is commonly sericitlsed. Albitic plagioclase 

occurs in the more highly altered rocks (Plate 8.6). Plagioclase may show 

osci1latory zoning.

Quartz is a very minor constituent of these rocks, comprising less than 

1% of the groundmass in highly altered samples.

Accessory minerals include epidote and apatite.

b. Leucocratic microdiorite

A dyke of an unfoliated rock consisting almost entirely of plagioclase 

was found intruding the semi-psammites exposed in the crags of Coire Ardair 

(NM3A877) (Fig 8.1). Although, this leucocratic dyke occurs In close 

proximity to some of the mafic microdiorite dykes described above, no direct 

physical relationship could be found between these two varieties of the 

microdiorite suite.

Plagioclase (andesine An3i«-38) comprises up to 90% of the rock and 

occurs as euhedral to subhedral grains 0.5-2mm in diameter which commonly 

show oscillatory zoning. The cores of the plagloclase grains are commonly

ser I cl t i sed.

Quartz Is a rare constltutent of these rocks and occurs as fine

Interstitial grains in the groundmass.

Epldote U  occasionally present as a I... alteration product of plaploclase.
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Chlorite is also occasionally present, and intergrown with epidote and 

opaques. It is occasionally observed overgrowing relict, brown biotite. 

Accessory minerals include opaques (magnetite and a little pyrite).

Di scuss ion

Analyses by Haselock (1982) and Whittles (1981) of similar rocks of the 

microdiorite suite collected from the Corrieyairack Pass area suggest that they 

are chemically similar to calc-alkaline lamprophyres as well as to the 

"meta-applnites" of northern Ross-shire (Winchester, 1976) and the appinites 

from Appin (Wright and Bowes, 1979) and Donegal (Hall, 1967; French, 1976).

Hall (op. cit.), Wright and Bowes (op. cit.) suggest that these rocks were 

products of a crustal accumulation of hydrous basaltic magma enriched in 

some trace elements and potassium.

Textural observations described earlier therefore suggest that the 

mineral assemblages are the result of varying degrees of the alteration of the 

primary igneous mineralogies following initial crystallisation. Similar 

observations have also been reported by the afore-mentioned works.

The leucocratlc mlcrodiorites (andesinites? ) may represent a special 

fraction of the differentiating basaltic magma (Wright and Bowes, op. cit.)

Field evidence indicates that the emplacement of the microdiorites post

dated that of the pegmatites.

8.7 Andes!te

A body of grey andesitic rock has been found at NN520937, south of Stac
2

Buidhe (Fig 8.1). It forms part of a larger body about 500m in area, whose 

northern margins consists of an earlier dyke of gneissose granite which it 

has cross-cut. This granite has also been found as xenoliths In the andesite.

Cl inopyroxene comprises about 15* of the rock and occurs as pale, brown 

subhedral grains, up to 1.5"»" in diameter. It Is commonly replaced and 

pseudomorphed by chlorite and opaques (Plate 8.7).



Plate 8.7: Clinopyroxene phenocryst in a groundmass of small

plagioclase laths and opaques. The clinopyroxene is 

partially replaced by chlorite.

Andesite. NN 521938.

Plane polarised light. Scale bar represents 0.1mm.

Plate 8.8 : Phenocrysts of plagioclase in a groundmass of

small grains of plagioclase, magnetite and little 

calcite. Andesite. NN 521936.

Plane polarised light. Scale bar represents 0.1mm.



Plate 8.7: Clinopyroxene phenocryst in a groundmass of small

plagloclase laths and opaques. The clinopyroxene is 

partially replaced by chlorite.

Andesite. NN 521936.

Plane polarised light. Scale bar represents 0.1mm.

Plate 8.8 : Phenocrysts of plagioclase in a groundmass of

small grains of plagioclase, magnetite and little 

calcite. Andesite. NN 521936.

Plane polarised light. Scale bar represents 0.1mm.
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„„ich is occasionally factored and overgrown by secondary chlorite and 

o p a q u es.

Plaglocl.se (and.slne An3t-15) comprises .boot 70% of the rock and 

Indicates that the rock „  an andesite. I. occurs as phenocrysts op to 3.5™ 

,o„g and occasionally show complex oscillator, toning. The groundmass of 

th, rock also consist, of tiny plagloclas. lath. Intergrown with opaques. 

Plagtocl.se ph.nocrysts occasionally show corroded outline, and are 

commonly serlcltlsed and replaced by calclte (Plate 8.8). The.r alblte 

thin lamella, are occasionally bent by late deformation, probably M .

Quartz ,s rare and occur, as fine grains typically Intergrown with the

secondary calclte.

Accessory minerals Include opaques, apatite and calclte.

Pi scuss ion

following chemical and mln.raloglca, studies of the Devonian lava, of 

the Lorn. Plate,«. Scotland, Groom, and H.,1 (197« have suggested that these 

,„as are genetically related to th. "applnl.lc" Intrusions. They argued 

that the applnltes dykes acted as feeders for the lavas. As no direct 

relationship could be seen In the field between the andes

related. .

Whittles (1981) has reported the occurrence of -younger basalts

of aygite and andesine plagioclase in the Kill in area.

The origin of garnet In the andesite of the present stud, are, I.

problematical. If .. «  « * . » . » -  ^  Ph" “ rV't*
th. rock, a h „ h  pressure environs, (below 9kb, a, great depths correspsn

to ,h. lower crus, or upper mantle Is Indicated (Green and Plng-od. > * » •

On the other hand, these garnets could be xenocrysts derived

metasedlmentary country rocks which locally contain garnet, information

available, so far, does not allow an unequivocal conclusion to b. ~  ^
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Ringwood, op. clt; Oliver, 1956) similar to that inferred to have produced 

the andesite of this study area.

8.8 Timing of the intrusion of the igneous rocks_

The widespread occurrence of deformed minerals in the igneous rocks 

indicates that they were emplaced prior to the late, dominantly brittle

episode of deformation, D1» (Chapter 5).

n „ d  relationships and stad.es of rock fabrics indicate that the «.riles, 

igneoas In,ration, were the weakly gnelssose granites which have been inferred 

to be syn-to late-tectonic to D3. Claybarn (op. clt.) has obtained an 

Rb/Sr age of 439 * 7«a for the .»Placemen, of these rooks. This was probably 

accompanied or followed by ,h. In,ration of the pegmatites which hare also 

yielded similar ages (Claybarn. op. c.t) and have been deformed by D3 (Chapter

5).
Their date of Intrasion Is comparable with e . W  "a obtained by van 

„reemen and Pi,seek, (1983) for the in,ration of the Glen K„iachy Granite.

These earl, tntrasl-.s were followed by the rocks of the „Icrodlorlte 

salte and the. andesite, and then the Corri.yatrack hornblende granodiorite 

which has been dated at USA. (Claybarn. op. clt.) and finally by the 

porphyrltlc falsi,es which are all post-tectonlc to D3. The age of the 

granodiorite Is slightly yonnger than c.AIJIf obtained by van Sreem.n and 

Piasecki (op. cl«.) for th. post-tectonic Findhorn Granite, ba, Is 

comp,table w „ h  chOkM. obtained by Brown a. (.968) for the All, Cron

Grani te.
This correspondence in the ages obtained for these late, granitic ro

accords with the proposition by Anderson (1956) that the Corn,eya,rack and

the Crom Intensions are part, of a large b.tholl.h extending at depth

from the Corriey.lr.ck Pass to the Findhorn Valley beyond Tomatln.

Th. . 1 .  NE-SW trend of the Igneons bodies Is close to the .nferred

a,L«*. naup rise to D3 folding
direction of the maximum principal stress, r

„ that fractures generated by this stress system 
(see Chapter 5). This suggests that fracture

msu hauo nTrtV
,a'a _ „ k  rones then exploited by ,h. Intending Igneoo. rocks.
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Table 8.1 : Timing of the Igneous activity and the relationship to 

regional deformation

Age (Ma) Deformation Igneous Activity

U 05

(D<* )
Late, brittle movements

Porphyri tic felsi te 

Hornblende granodiorite

Andes i te

The microdiorlte suite

Granite pegmatites

AAO D3
Weakly gneissose, blotlte granites

J
D2

Age uncertain-t
01
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r u a P T F R  g ; CONCLUSIONS AND DISCUSSION

g 1 Summary of conclusions

a. The metasedlmentary rocks of the Loch Laggan -Upper Strathspey area 

consist of a varied assemblage of psammites, semi-psammite- and semi-pelites 

with sporadically-developed thin calc-silicate bands and pods.

The entire 1ithostratigraphic sequence has been subdivided mainly 

on a lithological basis Into seven formations comprising two successions, 

the Glenshirra and Corrleya.rack successions, which are separated by a 

tectonic break, the Gairbeinn Slide. The 11thostratigraphic sequence exposed 

in this area is at least 6.8 km thick.

Petrographical 1 y , «ha Gar,. Formation Is distinct fro« th, other 

formations; Its higher con,an, of he.., minerals: magn.tlta, llmanlta. sphan. 

and epidote as «ail as mUrociin. i n d i c e s  that its sediments „era siighti, 

arkosic and »ore proximal compared with ,h«_other formations which ware

largely greywackes.

a Geochemical analysis also dl.tln,pishes the sem,-pell.es of th. Garva 

Formation which are less "mature" « -  «<—  of th. other formations implying 

that their source rocks had undergone less chemical weathering and faster

erosion and that the detritus were deposited more quickly.

. of the Garva and Chathalaln
The s e m i-psammites and psammites or tne

Formation, emerg. mainly as l.thic .ran,,.. w „ h  some arkose whereas those of

,h, Corr,eyalrack Succession classify d^ln.ntl, a. greywackes. ai.hough ii.hic

arenltes also occur within the Glendoe Formation.

Pro.en.nc. an.iysls suggests that the sediment, which formed th. rocks

of the present study area were derived from calc-alkaline basement ,

u r Ice or reworked Lewlsian-type gneisses perhaps 
similar to the Annagh Gneiss or reworked

. cL.» f-kpep source rocks rney 
I A nranites Studies also suggest that these Intruded by evolved granites. (

have been located In tectonic environments ranging from npaS5W e  m a r g ^ ^

M Merinf inpnts 1 Island arcs .
c l _________I— II ___________t n e
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because there maybe some differences between the scale and style of tectonic 

processes In the Pre-cambrlan and those in the Phanerozolc, such deductions 

can be only tentative.

d. Sedlmentolog leal studies suggest that the sediments which formed 

these rocks were deposited In varied environments. The Garva Formation 

was probably deposited in an alluvial environment, the Chathalain Formation 

was probably deposited In a shallow water environment. The depositlonal 

environments of the Corrieyalrack Succession probably ranged from deltaic for 

the Coire nan Laogh Formation to deeper-water submarine turbldlte fans for the 

Glendoe and Monadhllath Formations. The Carn Leac Formation shows more 

tractlonal sedimentary structures and probably records a shallowing of the 

depositlonal basin with Increased current activities,

Paleocurrent indicators suggest that the sediments were transported 

from the south to the north. For the Inferred submarine fans of the Glendoe 

and Monadhliath Formations this Implies a northerly paleoslope and sediment 

sources to the south. For the Chathalain and Garva Formations these currents 

may have been redistributing sediments derived from basement sources situated

to the NW or W.

Although lithological, sedlmentologlcal and chemical differences 

distinguish the various formations recognised in this study area 

individually, the absence of any chronostratlgraphlc criteria together with 

the problems caused by diachronism and lateral facies changes pose serious 

problems to stratigraphic correlation.

The c.lc-,lllcte bends »»a pods « e ™  the r“ ult °f '°ca" s<,d 

precipi tat ion of erbonete, fro« ov.rs.tur.ted por. f W l d .  during the dl.g.n.sls 

of the sediments. They ««re restricted to per.eebl. bends only.

The met.sedlm.nts he«« been .objected to polyp*.*« deformetlon 

end me,.morph,,«. The first episode of deform,„on produced .  pen.tr.tWe 
foil.,ion SI which Is generally sobper.llel to ,h. bedding SO. This foll.tlon

, * . . an/4
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and q u a r t z o - f e l d s p a t h i  c veins. Continued D1 movements led to displacement 

on the Gairbeinn Slide. NW-facing, medium scale reLmbent D1 isoclinal folds 

are developed locally near the slide and on Meall Ghoirleag (NN517907).

The second phase of deformation produced minor, tight to close, 

subvertical folds and a crenulation of SI and refolding of D1 structures.

The major D2 structure is the Laggan Antiform which trends ENE-WSW except 

locally near Na Cnapanan where its axial trace has been rotated to NNE trend

by the later D3 folding.

The third episode of deformation resulted in the re-orientation of 

Dl and D2 structures. D3 produced open minor folds associated with a 

crenulation of SI. Major D3 folds which generally trend NW-SE include the 

Coire Ardair Synform, Carn Liath Antiform and the Allt a Chrannaig Synform.

The fourth episode of deformation involved brittle movements on 

ENE-WSW trending faults and fractures, and on a less common conjugate set 

trending NW-SE. One fault displaces the axial trace of the Laggan Antiform by

about AKm.

f. Middle amphibolite facies metamorphism of the rocks lasted from early 

Dl to D2 times. Lower grade upper greenschist conditions followed D3, while 

localised contact metamorphism was associated with the intrusion of the 

Corrieyairack Granite Complex.

The climax of the regional metamorphism was pre-D2,and involved 

the growth of garnet, biotite and muscovite in the semi-pelites, and 

hornblende, garnet, bytownite and cllnozoisite in the calc-silicates of 

suitable composition. Late, retrograde metamorphism involved the breakdown of 

bytownite to clinozoisite (zolsite), partial replacement of hornblende by 

biotite, growth of fibrous, colouriess, amphibole, partial replacement of 

garnet by calc.te, and chlorite in the ca,c-s.1.cates, and the replacement of 

garnet by biotite, quartz and magnetite in the semi pelites.

Contact metamorph.sm In the aureole of the Corr.eya.rack Granite 

complex led to the growth of andalusite and cordierlte in the outer aureole. 

AnH fihrnlite.orlaiMtlc slllimanite and K-feldspar as well as the outer
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aureole minerals in the Inner aureole.

The metasediments were Intruded by late Caledonian granitic rocks.

The „rllest intrusions were of the weakly foliated two-mica granites and 

granite pegmatites dated at «OHa; these were probably syn- to late 03.

Then followed the Intrusion of the mlcrodlorltes and andesites and finally 

,h, hornblende granites (dated a, W5«a> and the felsl.es which were probably

emplaced a little later.

The various formations recognised in this study area have been 

broadly correlated with those mapped by H.selock (1982). Whittles (198.) and 

Kaselock «. .1 (1982) In the Corrl.yalrack Pass and Klllln areas.

The rocks mapped In the Loch Laggan-Upper Strathspey area are also 

11,ho,og,tally similar to those of the "younger" Moines of the N.W. Highlands

(Strachan , 1982. P.aseck, and »an Bre.men, 1979, 1983! «  *' '98,)

b„, are different fro. the rocks of the lower Paired,an .ppin Group (Hickman 

1975; Harris et al.1978). In view of this the rocks studied in this area have 

been placed ,n ,h. Grampian Glvlson. H~.v.r, Harris et „  (1973, ,978. consider 

these rocks to be par. of the 0.1 radian Supergroup and refer to them as the

Grampian Group.

b. r.hemost rati graphical correlations
m  stratiqraphical correlation 

The use of geochemistry as an aid to strat.gr P

. discussed by Lambert et al. (1981, 1982), 
in the Scottish Highlands has been d.scussed y

Winchester et . 1 . 0 9 8 , . .  • -  “right « ' * »  -

<’̂ 83,' The present -srk finds that there are broad similar,.- ,n the bulk

rock chemistries of the „ . h o s t . . , , graphic., units ,n the —
,-h them in them In the Corrleyal rack
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pa!, area (Haselock 1982) and In the Klllln area (Whittles 1981). The slight 

chemical van 1 ionsobserved between the se.l-pellte, In the present stud, 

are. and those In the Corrieyal rack Pass end Killin ar.es which suggest that 

,h, latter are slightly more mature are consistent with the sedimentological 

observations that paieocurr.nts and hence sediment transport was ,ppro„m...!y 

from the south to the north.

However, the marked chemical contras, recognised by Haselock (1982, 198k) 

between the Glenshirr. and the C.rrieya,rack Successions has no, been found 

t0 be so distinct in the loch Ugg.n-Upper Strathspey area, while there are 

chemical and petrographic difference, between the Parv. Formation and the 

formations of the Cottle,..rack Succession, differences are a,so found between 

„  and the Chatha.ain Formation, which In some chemical respects Is more

similar to the Appin Group.

The „ocheml.tr, of the rocks of the Loch L.ggan-Upper Strathspey are. 

are broad,, similar »  those of the Heines of the N.W. Highlands (Lambert 

e, al, op. cl,.. Winchester e, ai. op. c„.) bu, are different from the rock,

Of the lower Dalradlan Appin Group. The differences between the Mome and 

the Crampian Civ,s,on on the one heed and those of the iower Pa,radian on

the other, result fro. the °f ‘h* ^  ™ S *

the result of a differehce in their provenance. .... -  M W . «  - »  - »  

been second generation sediments or may have been derived frem similar bu

J . . „rntoliths The geochemical similarity
more intensely weathered and sorted protollths.

mu „ eaf rhp Molne does not however prove 
of the Grampian Division rocks to those of the

. 1» mtw merely Indicate that both groups of rocks
that the latter are Molne ; It may merely

had a similar provenance.

c Serilmentology

Harris et al. (1978) and Anderton (1982) have contended that the

„ of the Lower Dalradlan which were deposited 
Grampian "Group" rocks form part of the Lower

, h idlna shelf This conclusion has been based on Hickman 
on a stable subsiding sheir. , ,

. ciiHe Flags of the Lochaber were probably deposited 
(1975) suggestion that the El Id
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Detailed sedimentological analyses of the rocks of the Loch Laggan 

Upper Strathspey area, discussed earlier suggest that they were deposited in 

environments quite different from those proposed for the Lower Dalradian 

rocks, although their sediment transport directions were generally the same, 

namely, from the south to the north (see Hickman, 1975).

d. Structure

The three principal phases of deformation which have been recognised; 

in this study area can be correlated with the major deformational events

. . the Forestident ified in

of Athol 1 and north Schiehal1i0n areas (Thomas , 1979, 1980), the Lochaber 

district to the S.W. (Roberts and Treagus 1977; Treagus, 197**; Hickman, 1978) 

and the Corrieyairack Pass and Killin areas (Whittles, 1981; Haselock,1982, 

Haselock et al, 1982). The specific correlations which can be made with these

areas have been discussed in Chapter 5*

Although comparable deformational events have been recognised in 

these areas, the geometries and importance of specific events may vary from 

place to place as a result of several factors including rock competence and 

strat¡graphical level.

Thomas (1980) proposed that the two early phases of deformation D1 and 

D2, were associated with the Grampian Orogeny, with the underthrusting of the 

"younger" Moine by "older" Moine and the Lewisian basement. He attributed 

the later deformations D3 and DA to the late Grampian or Caledonian Orogeny 

as a result of continental collision associated with the closing of the lapetus 

Ocean in the late Ordovician (Lambert and HcKerrow, 1976). The effects of 

both events have been recognised In the Grampian Division and the Dalradian

Supergroup rocks of the Grampian Highlands.

The effects of a late Proterozoic tectonothermal event, the Morarían

Orogeny, has been recognised In the "older" Moine basement and the lower 

levels of the Grampian Division (Plasecki, 1980; Plaseck! and van Breemen,

1979, 1983; Piaseck! et al, 1981). They attributed the first phase of 

deformation recognised In the lower part of the Grampian Division and the
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movement on the Grampian Slide separating the Central Highland and Grampian

Divisions to this event which has been dated at 750Ma.

This late Proterozoic event has not yet been recognised in the higher 

stratigraphical levels of the Grampian Division studied here and in the 

Dalradian. Also no unconformity marking the epeirogenic stage of this 

event has yet been recognised in the approximately 7 Km thick section of 

the Grampian Division rocks of the Loch Laggan-Upper Strathspey area or in 

the Corri eyai rack Pass area (Haselock, 1982). The absence of an unconformity 

between the upper and lower levels of the division may be attributed to this 

event having affected only the basement and the deeper levels of the Grampian 

Division while sedimentation was still going on (Piasecki and van Breemen,

op. cit.).

For the amphibolite facies metamorphism associated with the emplacement 

of the dated syntectonlc pegmatites, pressure equivalent to, at least, 15Km 

of rock cover is required. Unfortunately the total thickness of the Grampian 

Division is not yet known. It may or may not be sufficiently thick.

Hickman 0975) and Haselock (1982) have reported that the upper part 

of the Grampian Division passes bv a normal sedimentary transition Into the rocks 

of the Appin Group. This implies additional sedimentary cover and hence 

pressure for this 750«. event and may suggest that the Apple Group was 

deposited prior to this event. The age of deposition of the Apple Group I. 

no, definitely known. Aiso the V.ndlan Tlllt.e which marks the base of the 

Argyll Group of the Dalradlan Supergroup I. unsuitable a, a marker for 

the unconformity (Piaseck, and van Gr.em.n, op. citl Winchester . pers. comm.)

Alternatively, sufficient pressure could have been provided by 

imbricate thrusting and tectonic thickening accompanying ,h. 750». event.

A,though several sildes have been recognised within the rocks of the Grampian 

Division and the Appin Group (Thomas, op. clti Ha,.lock, et ,1.19«« "»'r' 

and geometrical implication, are no, clear, large,, ,, a resuit of poor 

chronological and stratigraphic., constrain,,. Also the probi.m of the 

unconformity remains unresolved. Perhaps any unconformity if ,t ha,
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been obscured by later tectonometamorphic convergence and would be extremely 

difficult to identify.

These problems underscore the need for more detailed studies of the 

various rocks of the Grampian Division designed to elucidate their chronological

and stratigraphical relationships.

The rocks of both successions in the Loch Laggan-Upper Strathspey

area have undergone the same number of phases of deformation and 

metamorphism which may be tentatively correlated with the Grampian and 

Caledonian orogenies.
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appendix a

AMAI YTICAL TECHNIQUES

Whole rock analyses

157 samples of metasedlmentary rocks Including 51* of the calc-sl 1 icate 

rocks were analysed for ten major and eight trace elements by X-ray Fluorescence.

Approximately 1 Kg of each sample was collected except for the calc- 

sl licates, smaller samples of which were commonly obtained because of the 

thinness of the bands and pods. The complete list of the analyses and sample 

locations are given In Aopendlx B.

The samples were split Into small pieces using a Denbigh fly-press rock 

splitter after the removal of all weathered material. The split samples 

were then passed through a Sturtevant 2" x 5" jaw crusher, which reduced 

the rocks to chips between 0.3 and 0.6 cm In size. The samples were then 

homogenised by successive coning and quartering until two quarters approximately

120am In weight were selected.

The quarters were then crushed In a tungsten carbide Tema mill for 

approximately 15 secs (for FeO determination) and 30 secs (for X.R.F. analyses). 

After further homogenisation approximately 20am of the fraction for X.R.F. 

was milled for 30 mins in a Glen Creston M280 tunasten carbide ball mill.

Analyses for major elements were performed on glass discs produced 

by mixing 0.5 am of the rock powder, which had been ignited to 1000°C . with 

2.5gm of Spectroflux 101A (Lithium Metaborate). The mixture was then fused 

over a Meker burner until a clear melt was obtained. This melt was cast in 

a brass mould with a copper binding ring,the excess melt being pressed out with

an aluminium plunger.
i and Na were carried out on pressed powderAnalyses for the trace elements and Na were

These were prepsred ty -.'"9 « - »  •* <"S°/981 b,~ r

w „ h  6 „  pf .he powdered ,-pl. In en ape.e ™r,.r with , pest.e. Thl, w.s

then pressed ,n . hydreeUe press be.we.n two .enps.ee eerb.de fore.r, e.

25 .on. per sqeere Inch for b ».no... end <hen dried In en oven
a pressure
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overnight.

Analyses for both major and trace elements were Derformed on a Phillips 

PW 1212 fully automatic sequential X-ray spectrometer In the Department of 

Geoloay, University of Keele. The operating conditions are given In Tables 

A1 and A2.

Each "glass" bead was run three times for the major elements and the 

mean of the three analyses noted. For the trace elements and Na two cycles 

were run for each side of the pressed Del let. Because of the shallow penetration 

of the X-rays, these represent duplicate analyses. Both peak and background 

counts were recorded and the net counts were used with or without corrections 

for Interference effects. A Keele Geochemistry Laboratory standard was run 

simultaneously with the studied samples as a drift monitor.

A selection of international standards (Flanagan, 1971*) and Keele 

Geochemistry Laboratory standards were run and were used for the construction 

of calibrations after the application of the Norrlsh and Hutton (1969) 

correction matrix. The apparent fluorescence values obtained for the 

samples were also corrected using the same matrix in reverse. A silica brick 

and a fire brick were used as additional standards to Improve the accuracy 

of the calibrations at high SIO^ and A ^  0^ values.

The machine detection limits and precision estimates are given in Table

A3.
FeO values were determined by titration against potassium dichromate.

0.5gm of rock powder was dissolved In a K1 mixture of H ^ O ^  and HF over a 

steam bath for 15 mins. Any excess acid was neutralised with 500 ml of 

saturated boric acid and the resulting solution was titrated against 

potassium dlchromate, with sodium d 1phenlylamlne sulphonate as the indicator.
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TABLE A.2 : X.R.F. Operating Conditions : Trace Elements
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Table A3. C a l c u l a t e d  m a c h i n e  p r e c i s i o n  and d e t e c t i o n  limits

E l e m e n t

Si02

Ti02

Al2°3

Fe2°3

FeO

MnO

MgO

CaO

Na20

k 2 o

P2°5

L.O.I,

Ba

Cr

Nb

Ni

Rb

Sr

Y

Zr

P r e c i s i o n  (vrt X)  

0.95 

0.02 

0.23 

0.12 

0 .02*

0.005

0.35

0.079

0.07

0.02
0.009

0.02*

(ppm)

56

2
3

4 

7 

6

5 

13

D e t e c t i o n  limit (vrt X) 

0.088 

0.003 

0.035 

0.017

0.002

0.32

0.009

0.034

0.003

0.006

37

1

3

4  

4 

3 

3 

9

(ppm)

From duplicate determinations.

Standard deviation background(s) * Standard deviation peak

Preci s i o n
S l o p e  factor

2 x Standard deviation background

D e t e c t i o n  limit
S l o p e  f a c t o r
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Table B2 : Analyses of aluminosilicate-bearing semi-peli tes

Sample No. 225 229 628 642 644

s ì o2 52.51 52.45 53.65 51.24 49-38

Ii02 1.15 1.26 1.41 1.20 1.37

A,2°3 21.53 23.49 23.81 23-77 25.97

Fe2°3 1.7*» 1.71 1.37 1.52 1.40

FeO 7.11 5.70 4.83 5.96 5.57

MnO 0.16 0.11 0.00 0.15 0.13

MgO 3.06 2.88 1.82 2.54 2.69

CaO 1.43 1.23 0.68 1.55 1.86

Na20 1.63 2.73 3.28 4.30 2.54

k2o 5.5** 5.45 7.41 5.26 6.09

P2°5 0.39 0.11 0.22 0.29 0.33

UOJ. 2.01 2.13 1.03 0.95 1.43

Tota 1 99.04 99.87 100.13 99-40 99-37

ppm

Ba 1775 1709 2120 1799 2179

Cr 81 68 103 84 87

Nb 16 20 20 22 17

Ni 61 35 27 62 51

Rb 207 184 185 215 206

Sr 268 410 118 376 263

y 43 48 59 52 58

Zr 131 243 352 194 218

501

60.12

0.95

18.36

1.19

5.17

0.09

2.23

1.94

2.51

3.62

0.31

2.39

98.89

1133

70

15

47

142

250

39

195



Ca
O/
Al
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APPENDIX C: SAMPLE LOCATIONS

Table C 1 : Metasediments

Sample No. Grid Reference Rock Type Formation

1*92 NN 1*8891*9 semi-pel 1te Chathala in
716 NN 4899W seni-peli te Chathalain
213 NN l*929l*0 semi-peli te Chathalaln
621 NN 1*9691*2 semi-peli te Chathalain
8221 NN 1*7791*5 semi-peli te Chathaialn
1*87 NN 1*9091*6 semi-psammi te Chathalain
1*90 NN 1*8991*8 semi-psammite Chathalain
617 NN 1*9691*2 semi-psammi te Chathalain
7** NN 1*9091*5 psammi te Chathalain

201* NN 1*9191*2 psammi te Chathalain
211* NN l*929l*0 psammi te Chathalain
i*93 NN 1*8895) psammi te Chathalain
619 NN 1*9791*2 psammi te Chathalain

6 NN 52091*1 semi-peli te Garva
30 NN 51 391*1* semi-pel 1te Garva
102 NN 1*82026 semi-peli te Garva
21*7 NN 1*88928 semi-peli te Garva
21*8 NN 1*88927 semi-peli te Garva
2l*9 NN 1*85928 semi-pel ite Garva
252 NN 1*88926 semi-peli te Garva
310 NN 1*93929 semi-peli te Garva
311 NN 1*93929 sem i-pe1i te Garva

1 NN 51991*0 semi-peli te Garva
720 NN 52291*7 semi-peli te Garva

31 NN 50891*0 sem i-psammi te Garva
101 NN 1*81927 semi-psammi te Garva
103 NN 1*82926 semi-psammi te Garva

115 NN 518939 semi-psammi te Garva
130 NN 52)9l*l semi-psammi te Garva
2l*5 NN 1*91930 semi-psammi te Garva
312 NN l*9l*929 semi-psammi te Garva
505a NN 1*67926 semi-psammi te Garva
690 NN 5229l*7 semi-psammi te Garva
718 NN 51791*6 semi-psammi te Garva

2 NN 518939 psammi te Garva

3 NN 519939 psammi te Garva

76 NN 5129l*6 psammi te Garva

313 NN 1*91*928 psammi te Garva

703 NN 1*99928 psammi te Garva

11 NN 520935 semi-pel 1 te Coire nan Laogh

36 NN 519938 semi-peli te Coire nan Laogh

101« NN 1*82925 semi-peli te Coire nan Laogh

131 NN 5219l*0 semi-peli te Coire nan Laogh

132 NN 520939 semi-peli te Coire nan Laogh

133b NN 520939 semi-pel 1te Coire nan Laogh

135 NN 519939 semi-pel 1 te Coire nan Laogh

253 NN 1*86926 semi-peli te Coire nan Laogh

315 NN 1*95928 semi-peli te Coire nan Laogh

317 NN 1*95927 semi-pel 1te Coire nan Laogh

318 NN 1*96927 semi-pel 1 te Coi re nan Laogh

506 NN 1*67926 semi-pel 1te Coire nan Laogh
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Sample No. Grid Reference

70** NN 1*99928
7 H NN 1*99927
321 NN 1*98926
319 NN 1*97927
320 NN 1*98926
316 NN 1*95927
710 NN 1*99927
1*1» NN 521*939

l*0a NN 526931*
38 NN 529935
l*0b NN 526931*
1*1 NN 525931*
35 NN 531938
56 NN 523919
63b NN 529911*
20b NN 528928
1*9 NN 536922
50 b NN 535922
59b NN 538918
85 NN 516908
158 NN 508888
62 NN 529915
17b NN 51*1927
2** NN 523919
26 NN 517912 ,
1*5 NN 539921*
l*6a NN 538923
81 NN 535907

1*01 NN 1*51858
1 l+b NN 518927
52 NN 531*920

231 NN 1*33911
233 NN 1*32911
23** NN 1*31*912
236 NN l*3l*913
1*1*2 NN 1*1*3898
l*5l* NN 1*37878
630b NN 1*36913
227 NN 1*32913
1*50 NN 1*38876
1*52 NN 1*38877
61*5 NN 1*37916
627 NN 1*3591**
630a NN 1*36913
61*6 NN 1*37917

Rock Type Format i on

semi-peli te Coire nan Laogh
semi-pel i te Coire nan Laogh
sem i-psammite Coire nan Laogh
semi -psammi te Coire nan Laogh
semi-psammi te Coire nan Laogh
semi-psammi te Coire nan Laogh
semi-psammite Coire nan Laogh
psammi te Coire nan Laogh

semi-peli te Transi tional
semi-psammi te Transi tional
semi-psammi te T ransi tional
semi-psammi te Transi tional
psammi te Transi tional
semi-pelî te Glendoe
semi-peli te G lendoe
semi-peli te Glendoe
semi-peli te Glendoe
semi-peli te Glendoe
semi-pel i te Glendoe
semi-pel i te Glendoe
semi-peli te Glendoe
semi-psammi te Glendoe
semi-psammi te Glendoe
semi-psammi te Glendoe
semi-psammi te Glendoe
semi-psammi te Glendoe
semî-psammi te Glendoe
semi-psammi te Glendoe
semi-psammi te Glendoe
psammi te Glendoe
psammi te Glendoe

semi-pel i te Monadhlîath
semi-peli te Monadhli ath
semi-pel î te Monadhliath
semi-pel i te Monadhliath
semi-peli te Monadhl1ath
semi-pel I te Monadhlîath
semi-peli te Monadhliath
semi-psammi te Monadhliath
semi-psammi te Monadhliath
semi-psammi te Monadhli ath
semi-psammi te Monadhliath
psammi te MonadhlIath
psammi te Monadhliath
psammi te Monadhl1ath
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Table C2: Aluminosilicate-bearing semi-pelites from the contact au

Sample No Grid Reference Formation

225
229
638
642
644
501

NN 431913 
NN 433912 
NN 435914 
NN 439913 
NN 438916 
NN 466928

Monadhl 
Monadhl 
Monadhl 
Monadhl 
Monadhl 
Co ire n

i ath 
iath 
iath 
i ath 
iath 

Laogh

[
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T able C3. C a l c - s i l i c a t e s

S a m p l e  No G r i d  R e f e r e n c e F o r m a t i o n

3A N N  5 1 9 9 3 8 C o i r e  nan Laogh
103A N N  4 8 2 9 2 6 C o i r e  nan Laogh

830 N N  5 1 2 9 2 6 T r a n s i t i o n a l
832 NN 4 9 9 9 2 4 T r a n s i t i o n a l

147 NN 500 8 9 1 G l e n d o e
269 NN 4 5 7 8 7 6 G l e n d o e
353 N N  4 8 5 9 0 6 G l e n d o e
362 NN 4 8 1 8 8 6 G l e n d o e
276 NN 518 9 2 7 G l e n d o e
363 NN 4 8 2 8 8 7 G l e n d o e
365 NN 4 8 2 8 8 9 G l e n d o e
14A NN 518 9 2 7 G l e n d o e
16A NN 513 9 2 6 G l e n d o e
2 0 A NN  5 2 8 9 2 8 G l e n d o e
63A NN  529 9 1 4 G l e n d o e
27A NN  519 9 1 2 G l e n d o e
4 7 A NN  5 3 7 9 2 2 G l e n d o e
50A NN  5 3 5 9 2 2 G l e n d o e

424 NN 4 6 3 9 0 2 G l e n d o e
462 NN 4 9 8 8 8 7 G l e n d o e
526 NN 534924 G l e n d o e
331 NN 4 4 7 8 6 9 G l e n d o e
561 NN 4 6 1 8 6 8 G l e n d o e

803 NN  4 6 2 8 7 8 G l e n d o e

808 NN  4 7 0 8 6 5 G l e n d o e

557 NN 4 6 1 8 7 0 G l e n d o e

563 NN  4 6 2 8 7 0 G l e n d o e

566 NN  4 6 3 8 6 9 G l e n d o e

573 NN  4 6 4 8 6 9 G l e n d o e

601 NN 4 6 8 9 1 9 G l e n d o e

603 NN 4 6 7 9 1 9 G l e n d o e

655 NN  4 4 9 9 2 3 G l e n d o e

661 NN  4 4 6 9 2 1 G l e n d o e

684 NN  4 5 6 9 1 9 G l e n d o e

748 NN  5 2 0 9 1 8 G l e n d o e

764 NN  5179 0 5 G l e n d o e

765 NN  5199 0 4 G l e n d o e

769 NN  5239 0 5 G l e n d o e

367 NN 4 8 1 8 9 2 G l endoe

398 NN 4 4 6 8 6 8 Gl e n d o e

414 NN  4 7 5 8 9 4 Gl e n d o e

422 NN  4 6 2 9 0 1 Gl e n d o e

456 NN  4 9 2 8 8 7 Gl e n d o e

457 NN  4 9 3 8 8 8 G l e n d o e

458 NN  4 9 4 8 8 8 Gl e n d o e

556 NN  4 6 2 8 7 1 Gl e n d o e

433 N N  4 5 0 8 9 6 M o n a d h l i a t h

435 N N  4 5 0 8 9 8 M o n a d h l i a t h

447 NN 4 4 1 8 8 4 M o n a d h l i a t h



381 NN  4 4 3 8 7 0 M o n a d h l i  ath
392 NN 4 3 3 8 7 2 M o n a d h l i  ath

420 NN 4509 0 1 M o n a d h l i  ath

453 NN 4388 7 7 M o n a d h l i a t h

773 NN 4 4 4 8 9 3 M o n a d h l i a t h
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APPENDIX D

Discriminant Function Analysis

Discriminant Function analysis of the chemistry of some of the 

metasediments of the Loph Laggan-Upper Strathspey area has been performed 

in order to test the differences between the semi-pelitic rocks of 

Coire nan Laogh and Monadhliath Formations, as well as to elucidate other 

'distinguishing characteristics which may not have been picked out during the 

comparisons and analyses described earlier.

In particular, the problem of closure, or the constant sum of geochemical 

data may cause the suppression of important differences between the groups 

when the data are plotted on triangular diagrams or bivariate plots.

The principle of discriminant function analysis

The aim of discriminant function analysis is to find a mathematical 

combination of the discriminating variables in such a way as to produce 

as wide a separation of the groups as possible. The discriminant functions 

are derived in the form of the following equation:

D!« di nZn + di 2Z2 + ... dipZp

where Di Is the score on the discriminant function, d is the weighting 

coefficient, and z Is the standardised value of the P discriminating variable

used In the analysis.

The maximum number of functions which can be derived Is either one 

less than the number of groups or equal to the number of discriminating 

variables If there are more groups than variables. The standardised 

discriminant function coefficients are important since they measure the 

relative contribution of the associated variables to the function. The sign 

associated with the variable Indicates whether It is making a positive or a 

negative contribution.

Since there are many more discriminating variables (elements) than 

necessary to achieve a satisfactory discrimination, a step-wise procedure was 

used to select the most useful variables according to a certain criterion.

Th.. steo-wlse procedure first selects the single best-discriminating variable
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A second discriminating variable is then selected so as to best improve the 

value of the discriminant criterion in combination with the first variable.

The third and subsequent variables are selected according to their ability to 

contribute to further discrimination. At each step, variables already 

selected may be removed if they are found to reduce discrimination when 

combined with more recently selected variables. Eventually all variables 

will have been selected, or it will be found that the remaining variables are no 

longer able to contribute to further discrimination. At this point, the 

procedure is stopped and further analysis is carried out using only the 

selected variables.

The Wilk's Lamda method was used as the step-wise criterion which 

gives the overall multivariate F ratio for the test of differences between 

group centroids. The variable which maximises the F ratio also minimises 

Wilk's Lamda, a measure of the group discrimination. This test takes into 

consideration the differences between the centroids and the cohesion within 

the groups.

As a test of the efficacy of the discriminant function, the original set 

of data were classified using a separate linear combination of the 

discriminating variables for each group. A probability of group membership is 

then produced which is used to assign each sample to the group with the highest

probabi1i ty.

More detailed discussion of discriminant function analysis is given in

Davis (1973, Le Maitre (1984) and Nie et al (1975).

Discriminant analysis of the metasediments of the present study area 

was performed using the program from the Statistical Package for the Social 

Sciences (SPSS, Nie et al, 1975) available from the University of Manchester 

Regional Computer Centre (UMRCC).
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