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ABSTRACT 

CARBON AND OXYGEN ISOTOPE EVOLUTION IN 
THE MAGNET COVE COMPLEX, ARKANSAS 

MICHAEL LEE JOHNSON 

The Magnet Cove Complex is a highly differentiated ring 

dike sequence of alkaline igneous rocks and carbonatite. 

18 
Analyses of silicate rocks show increasing *0 -values 

(vs. SMOW) from early to late differentiates: trachyte 

(+8.6%;), phonolite (+7.9%), nepheline syenites (+8.8 to 

+9.7%) , jacupriangite (+9.4%), melteigite (+11.0%) , ijolite 

(+11.1%) and late dikes (+12.6 to +13.8%). 60^®-values 

of calcites from silicate rocks display a similar trend. 

Carbonatite, a supposed late-stage differentiate, has a 

18 
60 -value of +8.6%. Unexpectedly, this value corresponds 

18 
with the 0 -values shown by early silicate rocks and 

13 
associated calcite. ÔC -values of calcites from the 

silicate rocks show a decrease with differentiation ranging 

13 
from -4.8 to -6.7% vs. PDB. Similarly the ÔC -value of the 

carbonatite, -5.4, coincides with early rather than late 

differentiates. 

1 6 
Early crystallization and removal of 0A -enriched mafic 

18 
minerals shifts the late residuals to higher 60 -values. 

13 
The 6C -trend is explained by loss of isotopically heavy 



CO- during differentiation. The discrepancy between 

18 13 
60 - and 6C -values of the late stage silicate rocks and 

the carbonatite may result from early separation of an 

13 
immiscible carbonate liquid. The narrow range of 6C 

values displayed by the complex indicates that the 

carbonatite carbon source (mantle C?) was uniform in 

isotopic composition and isotopically similar to supposed 

sources of carbonatites world wide. 
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I. INTRODUCTION 

The petrology of carbonatites and the alkali silicate 

rocks associated with them have been controversial topics 

for many years. Many hypotheses have been advanced over 

the years to explain the origins of these unusual rocks. 

Limestone syntexis was one of the earliest hypotheses used 

for the origin of carbonatites. This theory is considered 

untenable by Powell, Hurley and Fairbairn (in Tuttle and 

Gittins, 1966) on the basis of the Sr 87/Sr 86 values of 

carbonatites, which are similar to basalts and distinctly 

different from limestones. Experimental studies by 

Watkinson and Wyllie (1964) and others also tend to rule 

out limestone syntexis as the origin of carbonatites. 

Stable carbon isotope analyses by various authors indicate 

13 
ôc -values of carbonatites that are not typical of lime¬ 

stones. However, Deines and Gold (1969) point out that 

these 5C^-values are of limited use in disproving lime¬ 

stone syntexis. 

P. J. Wyllie (in Tuttle and Gittins, 1966) summarized 

experimentally documented hypotheses for the origin of 

magmatic carbonatites and their relationship to the asso¬ 

ciated alkali silicate rocks as follows: 

(1) Carbonatites are residual magmas derived by 



2 

fractional crystallization of a carbonated alkali 

peridotite magma. 

(2) Carbonatite magmas are primary partial melts and 

associated alkali silicate rocks in the complexes 

are formed by graded fenitization of country rocks. 

(3) Carbonatite magmas represent an immiscible liquid 

fraction separated from a parent ultrabasic or 

basic magma. 

(4) Carbonatite is formed at a late stage in the 

crystallization of a peralkaline magma as a 

precipitate of alkali-alkaline earth exchange 

reactions of the type: 

Ca Al2Si20g + Na2Co3 -Ï NaAlSio4 + CaC03 

The objective of this study is to use stable carbon 

and oxygen isotope ratios of the various cogenetic rocks at 

the Magnet Cove Complex, Arkansas, to consider the following 

specific problems: 

1) The crystallization - fractionation relationship, 

if any, between carbonatite and the alkali silicate rocks. 

2) The character and origin of the parental magma of 

the complex and its crystallization history. 

3) The source of carbon for the complex, i.e. mantle 

vs. crustal sources. 

The Magnet Cove Complex represents an exposed alkali rock- 



3 

carbonatite complex that has been documented chemically 

and structurally by Erickson and Blade (1963). The stable 

isotope analyses and their implication will be compared to 

Erickson and Blade's interpretations in order to compare 

and contrast the conclusions made in each case. The 

combination of these data should result in a more thoroughly 

documented hypothesis for the genesis and evolution of the 

Magnet Cove Complex. 
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II. GEOLOGIC SETTING 

The Magnet Cove igneous complex is a Cretaceous, 95- 

99my (Zartman et al, 1967), intrusion that consists of a 

series of nearly vertical ring dikes intruded into tightly 

folded Paleozoic sedimentary rocks. The complex is 

elliptical in outcrop pattern, 4.6 square miles in area, and 

was emplaced where the major structural trend of the area 

changes from northeast to east-west in the Ouachita géo¬ 

synclinal trough (See Figure 1 and Danilchik and Haley 

U.S.G.S. Map 1-405, 1964). This major zone of weakness may 

have tapped a deep seated magma chamber (Erickson and Blade, 

1963). Heinrich (1966) classified the exposed Magnet cove 

Complex as being emplaced in the plutonic mesozone level. 

According to Heinrich, this level is characterized by a 

well defined ring structure, coarse grained nepheline- 

bearing rocks with ultramafics, syenites, and ore rocks 

common, pseudoleucite present, with strong fenitization but 

a lack of feldspathic metasomatites, and rare intrusive 

breccias. Magnet Cove fits this general picture except that 

little fenitization is present and intrusive breccias are 

found. 

Chemically the rocks of the complex are silica under¬ 

saturated high in calcium, volatiles, alkalis, and titanium. 

Spatially (Figure 2) the complex consists of an outer ring 



Figure lî Locality map of Gulf Coast area showing the 
position of the Magnet cove complex and similar 
age intrusives relative to major structures. 
Modified from Erickson and Blade (1963). 
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Figure 2; Geologic map of the Magnet Cove complex showing 
major rock types analyzed in this study. Modified 
from Erickson and Blade (1963). Sample localities 
are identified by letters and keyed to Table II. 
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of nepheline syenites with masses of jacupirangite and 

melteigite, an intermediate ring of trachytes and phonolites, 

and a core of ijolite and carbonatite. Minor radial and 

concentric dikes of tinguaite, nepheline-bearing pegmatites 

and others occur both inside and outside the complex. Minor 

lamprophyre dikes and plugs occur outside the complex. 

Erickson and Blade (1963) visualize this complex as 

being formed by fractional crystallization and differen¬ 

tiation of an undersaturated olivine basalt such as those 

described regionally by Lonsdale (1927) and Moody (1949) in 

the Balcones fault zone area and the northern Gulf Coastal 

plain. Erickson and Blade (1963, pp. 86-87) derive the . 

hypothetical chemical composition of the immediate parental 

magma of the complex, a melanocratic phonolite, by a mixing 

calculation in which seventy parts of an olivine melagabbro 

is subtracted from one hundred parts of the regional basalt 

(see Table 1). The phonolites of the complex most nearly 

approximate the weighted average chemical composition of the 

complex, and,based on limited field observations, they are 

the earliest intrusions in the complex. This evidence 

supports the concept of a melanocratic phonolite as the 

immediate parental magma from which the complex was formed. 

Erickson and Blade postulate that after the initial 

intrusions of phonolite and trachyte the remaining magma 



1. Olivine Basalt: Average of 4 analyses of Balcones 
Region basalts (Lonsdale, 1927). 

2. Olivine Melagabbro: Theoretical composition of material 
subtracted from 1. to yield residual composition of 3. 

3. Melanocratic Phonolite: Theoretical residual of 70 
parts of 2. subtracted from 100 parts of 1. 

4. Melanocratic Phonolite: Weighted average of entire 
Magnet cove complex. 

5. Phonolite-Trachyte: Orthoclase, plagioclase, nepheline, 
pyroxene, biotite, garnet. 

6. Altered Phonolite: Orthoclase, pyroxene, biotite, 
nepheline, calcite. 

7. Jacupirangite-Sphene Pyroxenite; Pyroxene, magnetite, 
sphene, nepheline, garnet. 

8. peldspathoidal Syenites: Orthoclase, nepheline, horn¬ 
blende, pyroxene, biotite, garnet. 

9. Ijolite: Nepheline, pyroxene, garnet, biotite, 
magnetite. 

10. Average of Late Minor Dikes (Tinguaites, Trachyte 
Porphyry, Sodalite Trachyte): Orthoclase, nepheline, 
Na-pyroxene, biotite, sodalite. 

11. Average of Eudialyte Nepheline Syenite and Nepheline 
Syenite pegmatites: Orthoclase, Na-pyroxene, nepheline, 
garnet, sodalite, zeolites. 
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TABLE I 

Average chemical compositions of 
rock types, taken from Erickson and 

Blade, 1963. 

1 2 3 4 5 6 7 8 9 10 11 
Si02 47.8 48.9 46.7 45.0 50.9 40.4 43.5 50.3 38.8 53.5 52.1 

Al2°3 14.6 13.8 18.3 17.6 20.8 15.4 4.7 20.3 16.7 20.5 20.0 

Fe2°3 2.5 2.2 3.9 3.7 1.2 ' 1.4 5.3 2.8 5.6 3.1 2.6 

peO 9.2 10.6 4.4 3.9 4.8 7.4 7.8 2.5 3.3 1.5 1.5 

MgO 7.0 7.6 2.5 2.5 1.2 2.1 7.2 .7 4.2 .4 .6 

CaO 12.6 13.2 10.6 10.1 5.1 9.8 20.7 4.9 13.7 2.7 3.5 

Na20 3.0 2.1 6.5 6.3 6.2 7.3 1.4 7.5 6.4 7.9 7.7 

K2° 1.0 0.0 4.6 4.4 5.2 3.2 .8 6.8 3.4 7.8 7.7 

H2O- N.D. N.D, . N.D . N.D. . .1 .1 .1 .1 .3 .1 .1 

H2O+ N.D. N.D . N.D . 1.5 1.1 1.0 .5 1.4 2.2 1.0 1.3 

Tio2 1.5 1.4 1.8 1.8 1.6 2.5 4.8 .8 2.3 .4 .6 

n
 
o
 

to
 N.D. N.D . N.D . 2.1 .1 6.2 .4 .8 1.2 .2 .8 

P2°5 
.6 .5 .6 .6 .3 .6 1.8 .1 .7 .1 .1 
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began to differentiate following the agpaiatic series of 

Ussing (1911) (see Figure 3). This differentiation scheme 

involves the early crystallization of leucite (subsequently 

altered to nepheline and potassium feldspar) and nepheline, 

both of which will tend to rise in the more dense mafic 

magma, the volatile-charged mafic residuum tending to con¬ 

centrate downward in the magma chamber. The intrusion of the 

chemically contrasting rock types of the complex involved 

the development of fractures tapping different levels of the 

compositionally stratified magma chamber. The final 

residuum of the magma, rich in volatiles, is thought to form 

the latest intrusives, i.e., the pegmatites, minor dikes, 

and carbonatite. 

Chemical and stable isotope studies of several alkali 

rock-carbonatite complexes have been made. Deines (1970) 

and Conway and Taylor (1969) studied the Oka Complex, but 

did only limited whole rock or silicate mineral $0^® deter¬ 

minations of the alkali silicate rock suite, analyzing only 

carbonates and minerals in carbonate rich rocks. Taylor, 

18 
et al.(1967) did 60 -analyses of silicate whole rocks and 

minerals as well as 6C^- and fiO*®-analyses of calcite 

throughout the differentiation sequence in the Laacher See, 

Germany, area. This work, however, used only fresh ejecta 

as representatives of the differentiation sequence and thus 



Figure 3î Differentiation -» intrusion sequence postulated 
by Erickson and Blade (1963) to explain the 
evolution of the Magnet Cove Complex. 
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field relations were limited. The Magnet cove Complex 

offers the advantage of being an exposed complex where 

intrusive relationships, structural relationships, and chem¬ 

ical compostions are documented. Here an éxtensive differen 

tiation sequence, including silicates and carbonatites is 

available for analysis. 
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III. SAMPLE DESCRIPTIONS 

petrographic descriptions of the analyzed samples are 

summarized in Appendix 1. Most of these samples correspond 

closely in mineralogy and texture to the samples analyzed 

chemically and petrographically by Erickson and Blade (1963). 

All of the samples analyzed lie within the mineralogical 

variations shown by Erickson and Blade for each different 

sample type. Texturally the rocks vary from fine-grained 

to coarse-grained pegmatitic. Recrystallization fabrics are 

absent in all of the samples analyzed. Deuteric alterations 

are ubiquitous in most of the rock types in the complex. 

In the silicate samples calcite occurs in three 

petrographic associations that give insight into the genesis 

of the calcite. These associations are: 

(1) Primary (Plate I) - Calcite occurs as large (1mm), 

well-formed crystals in ocelli with minor inter¬ 

stitial hornblende, biotite, nepheline, and 

zeolites. These ocelli have rims of mafic minerals 

arranged tangential to the ocelli. Physically 

these ocelli resemble those described by Philpotts 

and Hodgsen (1968) and Ferguson and Currie (1971); 

mineralogically they are very similar to those 

described by the latter authors. These authors 



Plate I 
Figure Is Calcite ocelli in sample UT-1 (trachyte- 

phonolite). Interpreted as globule of immiscible 
Carbonate liquid. Dimensions of photo are 
1.55 mm x 2.28 mm. 

Figure 2: Orthoclase nepheline, sodalite, zeolite, 
calcite ocelli in sample UT-1 (trachyte-phonolite). 
Shows cuspate margins and could be possible 
immiscible phase or replaced crystals. Dimensions 
of photo are 1.55 mm x 2.28 mm. 
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Figure 1 

Figure 2 
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interpreted the ocelli to be droplets of immiscible 

liquid and not late stage pore fillings or assim¬ 

ilated xenoliths. 

(2) Deuteric (Plate II) - Calcite also occurs as 

disseminated grains in nepheline, orthoclase, and 

biotite crystals, and in alteration rims associated 

with biotite around pyroxenes. Calcite grains in 

nepheline show a rim of cancrinite around them. 

(3) Hydrothermal and/or Secondary (Plate III) - Minor 

amounts of calcite occur in a few samples as veins 

and interstitial pore fillings between minerals. 

Many times this occurrence is associated with 

kaolinitization of feldspar and chloritization of 

pyroxenes and could be deuteric. 

The genetic implications of the petrographic occur¬ 

rences of calcite are of importance in interpreting the 

isotopic values of the calcite in relation to the whole 

rock. Isotopic and "genetic", relations of calcite should be 

consistent from the standpoint of the proposed origin. The 

problem of determining the crystallization - fractionation 

relationship between alkali silicate rocks and carbonatite, 

as well as the source of carbon in the complex, would be 

simplified if isotopic values from only definitely igneous 

calcite are used as representatives of primary magmatic 



Plate il 
Figure 1î Calcite intergrown with biotite as a rim 

around pyroxene crystal in sample MCDP-30 (garnet- 
pseudoleucite syenite). Interpreted as deuteric 
calcite alteration. Dimensions of photo are 
1.01 mm x 1.47 mm. 

Figure 2: Calcite as blebs in orthoclase and nepheline 
crystals, with cancrinite rims around calcite, in 
sample GPS-2 (garnet-pseudoleucite syenite). inter¬ 
preted as deuteric calcite alteration. Dimensions 
of photo are 1.55 mm x 2.28 mm. 
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Figure 1 

Figure 2 



Plate ill 
Figure 1: Calcite veins in pyroxene crystal in sample 

APB—CE (pyroxenite nodule in altered phonolite). 
Interpreted as hydrothermal calcite alteration. 
Dimensions of photo are 1.55 mm x 2.28 mm. 

Figure 2: Calcite, zeolite, sodalite vein in sample 
sample SNS-1 (sphene-nepheline syenite). interpreted 
as hydrothermal calcite alteration. Dimensions of 
photo are 1.55 mm x 2.28 mm. 



16 

Figure 1 

Figure 2 
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fluids. Calcite introduced by meteoric water and/or 

extraneous hydrothermal fluids presumably would not be 

isotopically representative of primary igneous fluids. 

Therefore, secondary calçite should be viewed with caution 

in applying isotopic data to problems of petrogenesis. 

The petrographic appearance of most of the samples 

analyzed is fresh, with only minor amounts of alteration. 

A few samples have pronounced alteration, however this is 

generally of deuteric origin. Such samples have mafic 

phenocrysts altered to biotite and magnetite, with 

groundmass minerals fresh and unaltered (Plate iv). In 

most of the samples analyzed late-forming minerals such as 

orthoclase are generally clear and free of inclusions, 

kaolinitization,. and turbid alteration products. Acces¬ 

sory amounts of zeolites and sodalite group minerals are 

present in some rocks. These minerals are usually present 

as disseminated patches in large orthoclase and nepheline 

crystals and sometimes occur in veins and pore fillings in 

the rocks. The patches are interpreted to be deuteric in 

origin and not produced by secondary hydrothermal alteration. 



Plate iv 
Figure 1: Diopside crystal with biotite reaction rim 

in BGI-1 (biotite-garnet ijolite). Shows the 
abundant deuteric reactions of early formed crystals. 
Dimensions of photo are 1.55 mm x 2.28 mm. 

Figure 2: Clinopyroxene crystal with hornblende 
reaction rim in SNS-1 (sphene-nepheline syenite). 
Deuteric reaction of early formed crystal. Dimen¬ 
sions of photo are 1.55 mm x 2.28 mm. 
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Figure 1 

Figure 2 
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IV. ANALYTICAL PROCEDURES 

Fresh samples of rock types representing approximately 

82% of the exposed igneous complex were taken from outcrops 

in the field. The remaining 18% of the exposed complex rock 

types were too badly weathered to yield samples fresh enough 

for meaningful isotopic analysis. The field samples were 

trimmed on a water cooled saw to remove the weathered por¬ 

tions of the sample. This procedure ensured fresh, unaltered 

samples free of surficial weathering effects. These trimmed 

samples were washed with distilled water and dried. The 

samples were crushed by an alumina jaw crusher to reduce 

the sample to approximately 1 cm size. These fragments 

were further pulverized by an alumina rotary micropulverizer. 

This procedure reduced the samples to <100 mesh size. The 

micropulverizer was thoroughly cleaned with compressed air 

after each sample. A small portion of each sample was run 

through the micropulverizer and discarded before each sample 

was crushed to cut down on carry over of material between 

samples. The powder produced by pulverizing was used for the 

oxygen and carbon isotope extraction methods. 

Silicate mineral separates of the rocks were hand 

picked from the coarsely crushed, 1 cm size samples, washed 

with distilled water and dried. These minerals were then 
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hand crushed in an alumina mortar and the powder used for 

oxygen isotope extraction. 

Calcite was extracted from the whole silicate rocks and 

carbonatite using the method described by McCrea (1950), 

in which the rock powder is reacted at 25°C with 100^, 

H^PO^ in a vacuum for 12 hours. evolved by this method 

is used for isotopic analysis. One sample with abundant 

magnetite and sulfides was reacted in this manner and pro¬ 

duced excess water and hydrogen sulfide. This sample showed 

poor isotopic reproducibility, probably caused by the 

spurious production of water and possibly the contaminating 

aspect of HjS in the mass spectrometer inlet system. It 

was found that the reaction of H^PO^ with magnetite and 

sulfides was sluggish. Therefore this sample was reacted 

for only 3 hours and the gas evolved passed over 400°C Ag 

wire to remove H^S. This procedure improved reproducibility 

to the same range as the other samples. Precision by the 

acid evolution method was better than + ,2%o for carbon and 

oxygen. The variations among the different rock types are 

much larger than precision. A 10.00» correction was sub¬ 

tracted from the oxygen isotope values of the evolved CO- 

18 18 

to convert 60 of evolved CO2 to 60 of the total oxygen 

of calcite (see Sharma and Clayton, 1965). 

Oxygen was extracted from silicate minerals and whole 
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rocks by the BrF,. method described by Clayton and Mayeda 

(1963) and modified by James (1973). Whole rock samples, 

many with abundant garnet and magnetite, were reacted with 

BrFg in nickel vessels at 650°C for 18 hours. Micas, 

pyroxenes and hornblende were reacted at 550°C for 12 hours. 

These temperatures and times produced the best repro¬ 

ducibility for these type materials. Reproducibility by 

this method was better than 1.3&, for whole rocks and î.lç£, 

for mineral separates. Again variations among the different 

rock types are greater than the precision estimates. 

A 6-inch radius, 60 sector, Nier-McKinney type ratio 

mass spectrometer was used for the carbon and oxygen isotope 

analysis of CC>2 gas produced by the two methods described 

above. This spectrometer has a routine precision of .1%,. 

1 A NBS-20 was used as a working standard and &0 ° values given 

13 here are reported relative to SMOW and ÔC relative to PDB. 

Procedures outlined by Craig (1957, 1961) were used to con¬ 

vert NBS-20 to PDB and SMOW and to account for instrumental 

corrections of the mass spectrometer. 
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V. RESULTS 

18 13 
Table II summarizes the 60 SMOW and 6C PDB results 

of the whole rock and mineral separates analyses for the 

rock types studied at Magnet Cove. Figure 4 plots the 

18 
60 SMOW values of whole rocks and mineral separates versus 

Erickson and Blade's postulated differentiation sequence. 

Figure 5 plots 6C^PDB of calcite in the rocks versus this 

differentiation sequence. Figure 6 summarizes the weight 

per cent calcite in each of the rock types analyzed. 

18 
Figure 4 shows a progressive 0 -enrichment as 

postulated differentiation progressed. However, the 

18 
carbonatite 60 -values do not lie on this trend. Figure 5 

13 shows a slight C depletion as differentiation progressed, 

13 
but again the 6C -value of the carbonatite does not lie on 

this trend. Figure 6 shows that the complex does not con¬ 

tain many rock types that are transitional between silicate 

rich and carbonate rich. 



TABLE II - Stable isotope data of samples from the Magnet 
Cove complex analyzed in this study. 
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TABLE II 

SAMPLE* LOCATION PHASE ANALYZED g018SMOW 6C
13
PDB 

UT—1 A Whole Rock 
Calcite 

+8.6+ .1(2) 
+9.1± .2(2) -5.8+.2(2) 

APB-6 B Calcite +11.0+ .2(2) -5.lt.1(2) 
APB-CE C Calcite +11.5Î .2(2) -5.6+.M2) 
APB-8 D Whole Rock 

Calcite 
+7.9Î .1(3) 

+11.1+ .3(3) -4.8Î.1(3) 

J-l E Whole Rock 
Calcite 

+9.8+ .3(2) 
+10.9± .1(2) -6.4t.1(2) 

J-2 F Whole Rock +9.2+ .2(3) 
J-3 G Whole Rock +9.1+ .1(2) 

GPS-2 H Whole Rock 
Calcite 

+9.7+ .2(3) 
+11.6+ .3(2) -7.4+.2(2) 

GPS-CG I Whole Rock +8.8± .1(2) 
GPS-30 J Whole Rock 

Calcite 
+8.0+ .1(2) 
+9.3Î .2(2) -5.3+. 1 (2) 

SNS-1 K Whole Rock 
Calcite 

+8.8+ .3(3) 
+13.4+ .1(2) -5.7+.l(2) 

GBM-1 L Whole Rock 
Biotite 
Calcite 

+11.ot .3(3) 
+9.9Î .1(3) 

+18.9+ .1(2) -5.6t.1(2) 
GBM-33 M Whole Rock +11.1 (1) 

BGI-1 N Whole Rock 
Biotite 
Calcite 

+11.9± .2(2) 
+10.lî .1(2) 
+17.6+ .2(3) -6.2t.1(3) 

BGI-2 0 Whole Rock +10.0 (1) 

LS-82 P Whole Rock 
Phlogopite 
Calcite 

+9.4+ .1(2) 
+8.7Î .1(2) 

+10.4+ .1(2) -5.5±.1(2) 

AOM-1 Q Whole Rock +12.6± .2(3) 

TG-1 R Whole Rock 
Calcite 

+12.9Î .1(2) 
+29.9i .3(2) -4.5t.1(2) 

TG-2 S Whole Rock +11.5+ .2(2) 
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TABLE II (cont.) 

SAMPLE* LOCATION PHASE ANALYZED 6018SMOW çC
13
PDB 

Lp-la T Whole Rock +13.8+ .2(2) 
Hornblende +11.0Î .2(2) 
Calcite +14.6± .3(3) -6.7+.K3) 

DJ=2 U Whole Rock +12.41 .1(2) 
ENSP-1 V Whole Rock +15.0± .2(2) 

Aegirine +9.4+ .1(2) 

c-l W Calcite +9.0+ .1(2) -5.41.1(2) 
Phlogopite +7.9Ï .1(3) 

C-2 X Calcite +8.6+ .2(3) -5.4+.1(3) 
C-3 Y Calcite +8.0+ .2(3) -5.61.1(3) 

MS-1 Zl Whole Rock +11.2(1) 
MS-2 Z2 Whole Rock +11.5(1) 
MS-3 Z3 Whole Rock +12.2(1) 
MS-4 Z4 Whole Rock +8.3(1) 
MS-5 Z5 Whole Rock +11.4(1) 

♦identification of sample notations UT - undivided trachyte 
phonolitey APB - altered phonolite and breccia; J - jacu- 
pirangite; GPS - garnet pseudoleucite syenite; SNS - sphene 
nepheline syenite; GBM - garnet biotite melteigite; 
BGI - biotite garnet ijolite; AOM - analcime olivine 
melagabbro; TG - tinguaite; LP - lamprophrye; DJ - nepheline 
syenite pegmatite; c - carbonatite; SM - metasedimentary rocks; 
LM - lime silicate rock* ENSP - eudialyte nepheline 
syenite pegmatite. 



Figure 4: $0 data on the major rock types at Magnet cove 
SMCW 

plotted versus Erickson and Blade's differentiation 
intrusion sequence. 
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Figure 5î 6CpDB data on igneous calcites in the major rock 
types at Magnet Cove plotted versus Erickson and 
and Blade's differentiation - intrusion sequence. 
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Figure 6: Weight percent calcite in the major rock types 
at Magnet cove versus Erickson and Blade's 
differentiation - intrusion sequence. 
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VI. DISCUSSION AND INTERPRETATIONS 

A. Origin of the Complex: Oxygen Isotope Data 

Erickson and Blade (1963) have postulated that the 

immediate parental magma of the Magnet Cove Complex was a 

melanocratic phonolite in composition. This magma is 

postulated to have been a differentiation product of an 

undersaturated olivine basalt of regional distribution. 

The average composition of the Magnet Cove Complex (see 

Figure 7) corresponds well with the melanocratic phonolite 

residual left after the subtraction of an olivine melagabbro 

from the regional basalt (see Table I). 

Erickson and Blade (1963) weighted the chemistry of 

each rock type according to its outcrop area in order to 

determine the average chemical composition of the complex. 

The major underlying assumption is that area is proportional 

to volume, which is uncertain and subject to considerable 

error, but the method can produce a rough estimate. This 

method can be similarly employed to derive the average 

18 
Ô0 SMOW of the complex, producing an average value of 

+9.0&, vs. SMOW for the complex as a whole. This value is 

near that of the trachytes and phonolites, which are 

postulated by Erickson and Blade to represent the first 

liquids derived from the immediate parental magma of the 
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complex. The trachytes and phonolites are chemically 

closest to the average composition of the complex, and 

Erickson and Blade postulate that the other rock types were 

18 
formed from this magma. Thus the correlation of the 60 of 

the complex and the 60^® of the trachytes and phonolites is 

consistent with Erickson and Blade's hypothesis. 

18 
The average 60 -value for the complex, as well as the 

18 trachytes and phonolites, is higher than 60x -values re¬ 

ported for basalts thought to be primary in origin. Taylor 

(1968) gives a 00^8-value of +5.9ft» vs SMOW as a good esti- 

18 
mate of the 60 of primary uncontaminated basaltic magma. 

The high fiO^® of the Magnet Cove complex can be explained 

by a number of plausible mechanisms for the origin of the 

complex, discussed in turn below. 

1. Fractional crystallization 

The process of fractional crystallization of a basaltic 

magma, as envisioned by Erickson and Blade, could cause a 

60^® increase in residual magmas. Taylor (1968) points out 

that the fractional crystallization of plutonic rocks under 

high PH2O produces an increase in 6()1® along the differ¬ 

entiation trend of as much as 3%, above the parental magma. 
A high PH2O also lowers the liquidus temperature of the 

magma, thus increasing crystal-melt fractionation of oxygen 
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isotopes. The abundance of hydrous minerals in the Magnet 

Cove complex (and other similar complexes) testifies to the 

probably high PI^O of the magma that produced these rocks. 

A crude mass balance calculation can also prove the 

IQ 

point that the high 60xo of the complex could have been 

produced by fractional crystallization. The initial magma 

of the complex has been postulated by Erickson and Blade 

(1963) to have been basaltic in composition. Taylor (1968) 

gives a SO-*-®-value of +5.9^ vs. SMOW as a good estimate for 

primary uncontaminated basaltic magma. The first crystal¬ 

lization product of this magma was probably rich in olivine 

and pyroxene. Garlick (1966) and Taylor (1968) studied 

olivines and pyroxenes from ultramafic rocks and found a 

tight grouping of 60^® ” values from +5.4L to +6.6L- If 

18 the first crystals formed in a basalt liquid with 60 = 

5.9<L had a value of +5.4^ then the residual liquid would 

1 ft 
tend to be enriched in 0 . Eighty parts of a +5.4^ crystal 

cumulate subtracted from one hundred parts of a +5. 

parent magma would yield twenty parts of a +8.C%. residual 

liquid. This +8.0|L 60^®-value is very close to the 60^ 

of the trachyte-phonolite in the complex and the average 

18 
60 of the complex. The 80-20 split of early crystals - 

*1 ft 
residual liquid to produce the 60 of the complex is also 

very close to the 70-30 split Erickson and Blade postulated 
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based on major element chemistry. This agreement supports 

the idea that the high 60^® of the Magnet Cove Complex could 

have occurred by fractional crystallization. 

2. Assimilation or exchange of country rocks with magma. 

18 
The high 60 -value for the complex can also be explained 

by assimilation of included country rocks by a basaltic 

18 
magma. A mixture of crustal rocks with high 0 contents and 

18 basalt with low 0 contents could result in an intermediate 

18 
0 content for the mixture. A 3 to 1 mixture of +5.9^ 

basalt and +18.0^ sandstones and shales (Savin and Epstein, 

18 
1970 a,b,c.) would give a +9.0$,, 50 for the mixture. This 

18 
60 -value xs near that of the trachyte-phonolites and the 

average value of the complex. The chemistry of the Magnet 

Cove Complex which includes silica undersaturation, as well 

as primitive strontium isotope ratios (Powell, et al, 1966) 

tends to rule out assilimation of sandstones and shales by a 

basaltic magma as a possible origin for the complex. 

The exchange of numerous incorporated country rock 

xenoliths with the magma is a possible mechanism for the 

high 60^®-value of the complex. As seen in Table II, MS-4 

18 
and MS-5 have 60 -values similar to the syenites within 

18 
which they are included. These rocks have &0 -values 

unlike unaltered sandstones and shales outside the complex, 
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represented by MS-3. These metamorphosed sedimentary rocks 

thus appear to have exchanged oxygen isotopes with the 

syenite at high temperatures without being otherwise 

assimilated. The previously discussed 3 tô 1 ratio of magma 

to country rock exchanged at high temperatures but not 

* 18 
assimilated could explain the generally high 60 for the 

complex as a whole and the trachytes and phonolites. 

3. Limestone syntexis origin 

18 
The high g0 -value for the complex could also be 

explained by direct derivation of a mafic phonolite magma 

by partial melting of the mantle influenced by subducted 

limestone. A 6 to 1 ratio of +5.9^ partial melt to +27.0&, 

18 
marine limestone would be needed to derive the +9.0^, g0 

average of the complex. This hypothesis appears unlikely 

for Magnet Cove since little if any limestone is present 

in the known stratigraphy of the area. This idea is also 

ruled out by the primitive strontium isotope ratios for the 

rocks at the complex (Powell, et al, 1966). 

B. Origin of the Carbonatite: carbon isotope Data 

Several workers (Craig, 1953; Hoefs, 1973; Pearson and 

Baker, 1974; and Fuex and Baker, 1973) have analyzed supposed 

mantle derived rocks and found the carbon isotope 
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composition to be relatively light. The reported values 

vary from about -14^ to -3(%> vs. PDB. Other authors who 

have analyzed carbonatites, kimberlites, and diamonds, such 

as Deines and Gold (1973), believe that the -2^ to -8%,. 

vs. PDB range of these presumed mantle materials are char¬ 

acteristic of the carbon isotope composition of "deep 

13 seated" carbon. The values of carbonatites, 

kimberlites, and diamonds are approximately equal to the 

TO 
average 6c of crustal carbon as shown by Craig (1953). 

This agreement tends to support Rubey's degassing hypothesis 

for crustal carbon and thus supports the idea that the 

13 
§C of carbonatites and diamonds do represent mantle 

carbon. 

The presence of light 6C^ -carbon in mantle derived 

igneous rocks indicates that some part of mantle carbon may 

be lighter than previously believed on the basis of 

carbonatite and kimberlite studies. it is possible that the 

13 
6c of carbonatites and kimberlites reflects a mixture of 

light mantle carbon and heavier crustal carbonate carbon. 

13 The average 6C of calcites from the Magnet cove complex 

13 is -5.5^ and, as is shown m Figure 4, the range of 5c 

in the calcites of the complex is overall extremely small. 

13 The tight distribution of 6C -values and the tight distribu- 

tion of $c -values of carbonatites and kimberlites worldwide 
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(Deines and Gold, 1973) seems to rule out any random mixing 

of light mantle carbon and heavy crustal carbonate. 

Deines and Gold (1969) pointed out that contact 

13 
metamorphism of limestone can produce a 6c PDB value 

characteristic of carbonatites. The source of carbon for 

the Magnet cove Complex could have been marine limestone, 

which has undergone some sort of decarbonation reaction at 

depth. This reaction could have altered its original 

13 
6c -value as shown by Deines and Gold. Figure 4 displays 

13 
a very narrow ÔC -range, indicating either a very 

homogeneous source of carbon and/or a consistent process 

13 that produced this narrow gc -spread. 

In summary, it appears from evidence mentioned 

earlier (the lack of limestone in the stratigraphy of the 

Magnet Cove area and the primitive strontium isotope ratio 

of the carbonatite) that the source or carbon in the Magnet 

Cove Complex is most likely the mantle. However, it is 

13 impossible to be certain from §C -data that the carbon of 

the complex is pristine and not recycled crustal carbon. 

C. isotopic Evolution during Differentiation of the complex 

18 
1. Crystallization-fractionation origin for $0 -trend. 

18 
The general trend of increasing $0 along the 

differentiation trend of the complex is shown in Figure 4. 
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Fractional crystallization under the influence of high 

18 
PH2O could account for the observed 60 -trend. Erickson 

and Blade believe that after the initial intrusions of 

trachyte and phonolite the residual magma began to 

crystallize. The high pI^O during crystallization, as 

shown by the abundance of hydrous minerals, probably caused 

the early precipitation of magnetite (Osborne, 1962) and thus 

the lack of iron enrichment in the complex. Magnetite makes 

up as much as 25% of the pyroxene-rich jacupirangite which 

is thought to be an early crystal cumulate of the complex. 

Erickson and Blade postulate that during the time the 

jacupirangite was crystallizing and sinking in the magma, 

leucite, nepheline, and orthoclase were rising as they 

crystallized in the denser mafic magma. These early formed 

leucocratic minerals thus floated to the top of the magma 

chamber, which was subsequently tapped to produce the 

syenites. The syenites show similar gO^-S-values to the 

18 
60 -values of the trachytes and phonolites. This agreement 

18 of 60 -values suggests the syenites were produced early in 

the evolution of the complex, and thus supports Erickson and 

Blade's hypothesis for the early origin of the syenites in 

the crystallization sequence. 

The early crystallization and removal of large amounts 

16 
of magnetite (which is characteristically rich in 0 ) as 
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IQ 

in a jacupirangite, could lead to an increase of 0 in the 

residual magma. Thus, theoretically, the magnetite-rich 

cumulate of the magma should be enriched in 0 relative 

to the magma. However, the jacupirangite analyzed has a 

value that is slightly higher in 0^® than the magma it 

supposedly crystallized from, as represented by the trachytes 

and phonolites. This discrepancy may be due to post 

crystallization alteration by volatiles and will be dis¬ 

cussed later. Taylor (1968) suggested that the early 

18 
crystallization of magnetite could lead to an 0 increase 

in a residual magma. He also suggested that from O'Neil's 

(1967, 1969) data the lower crystallization temperature 

of a melt high in pI^O would increase crystal-melt oxygen 

isotope fractionation in the magma. These effects would 

18 account for the increase in 60 of the rocks during 

differentiation of the volatile-charged magma of Magnet cove. 

The residual magma left after the crystallization of 

jacupirangite and syenites would be of the melteigite- 

ijolite-urtite series according to Erickson and Blade (see 

Figure 7). They suggest that melteigite fractions crystal¬ 

lized and sank in the magma. The crystallization and removal 

of this biotite-rich rock would also tend to enrich the 

18 
residual magma in 0 , as biotite is generally enriched in 

0^®. The final differentiates of the complex-ijolites, 



38 

tinguaites, pegmatites and other late dikes-show a high 

18 
60 -value compared to early differentiates and the initial 

intrusions. Carbonatite does not lie on the increasing 

00^® trend for late differentiates, an inconsistency which 

18 is discussed below. The increasing 5O -trend for the complex 

is consistent with the crystallization differentiation 

history of the complex outlined by Erickson and Blade. 

2. Origin of alkali silicate rocks: Reaction of carbonatite 

magma with wall rocks. 

The reaction of a carbonatite magma with country rock 

has been suggested as the origin of the alkali silicate 

rocks in carbonatite complexes (Von Eckermann, 1948). This 

hypothesis could also account for a discrepancy between 

60^® of carbonate and silicate rocks in these complexes. 

18 However, for this hypothesis to be valid, the &0 values 

for the alkali silicate rocks should increase progressively 

from the most altered core to the least altered rim. 

Intrusive relationships among the alkali silicate rocks 

would be absent and the chemistry of the wall rocks and 

alkali silicate rocks should be similar for this idea to be 

valid. None of these conditions are present at Magnet cove, 

so this hypothesis can be ruled out to explain the discrep- 

18 
ancy between 60 of the late stage silicate rocks and 
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carbonatite. 

TO 
3. ÔC -Trend of calcite during differentiation. 

13 Figure 5 shows the gC “trend along the differentiation 

sequence. The calcites in the silicate rocks show a slight 

trend of decreasing gC"^ along the differentiation 

sequence. This trend is very slight but may be significant. 

O'Neil and Epstein (1966) showed that CO^ in equilibrium with 

calcite at 500°-600°c would be enriched in by about 

2^ relative to the calcite. A process of progressive loss 

of this relatively heavy CO2 during differentiation would 

act to deplete in residual CO^ that crystallized as 

18 
calcite. The carbonatite, as pointed out before for 60 , 

n 
also does not lie on the decreasing gC -trend for late 

ip 
stage differentiates. This data along with the g0 -trends 

tends to indicate that the carbonatite is a liquid 

immiscibility product. 

D. Origin of the carbonatite: Liquid Immiscibility vs. 

Fractional Crystallization. 

Erickson and Blade as well as many other authors believe 

that carbonatites typically reflect a collection of late 

stage volatiles produced by fractional crystallization of a 

carbonated magma. Watkinson and Wyllie (1971) have shown 
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experimentally that carbonatite may be derived as the end 

product of fractional crystallization of a carbonated 

nepheline-rich liquid. If the carbonatite at Magnet cove 

18 
represents this relationship, its 60 -.value should lie 

18 
along the increasing ô0 -trend shown by the silicates and 

18 should be similar to the 60 composition of the other 

late stage dike rocks. However, the carbonatite calcite and 

18 
phlogopite 60 -values are conspicuously off the increasing 

$0^®-trend for late differentiates shown in Figure 4. In 

contrast, the carbonatites ô0^®-values are in the range 

shown by the early differentiates and initial intrusions of 

the complex. A striking observation is the overlap displayed 

by carbonatite calcite Bc^-and 50^-values and the values 

for the calcite in the ocelli of the undivided trachyte- 

phonolite. Ocelli similar to these have been interpreted by 

von Eckerman (1961) and Ferguson and Currie (1971) to result 

from the immiscible separation of a carbonate liquid from a 

silicate liquid. Ths overlap of stable isotope values for 

these two occurrences in the complex could be very signif¬ 

icant as an indication of the genesis of the carbonatite. 

Koster Van Groos and Wyllie (1968, 1973) have also 

suggested that carbonatite may be the product of liquid 

immiscibility between a carbonate liquid and a silicate 

liquid. They showed from experimental evidence that the 
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separation of an immiscible carbonate liquid from a silicate 

liquid can occur over a wide compositional range representing 

carbonated feldspar rich magmas, it was postulated by 

these authors that when the carbonate liquid separates from 

the silicate liquid the former rises and collects in the 

top portion of the magma. 

It is possible that the separation and removal of an 

immiscible carbonate liquid from the silicate liquid could 

preserve the higher temperature silicate-carbonate oxygen 

isotope equilibrium between the two at the time of their 

separation. The silicate liquid would crystallize and its 

18 
5O -value would change during crystallization as pointed 

out above. However, the separated and isolated mass of 

immiscible carbonate liquid may not exchange with the 

residual silicate liquid due to its immiscibility and small 

surface area as a collected mass. A hydrous carbonate 

liquid would remain liquid to a lower température (about 

600°C according to Wyllie and Tuttle, 1960) than a silicate 

liquid and thus would be the last liquid intruded in the 

complex. This hypothesis could account for the lack of 

agreement between late stage differentiates sO-1-0-values 

and these values for the carbonatite. 
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18 
E. Problems of 60 interpretations. 

18 
It is possible that the $0 -values of the coarsely 

crystalline rocks are higher than those of the liquid 

differentiates they represent. This increase may be due 

to the high volatile contents of these rocks during and 

after intrusion. The volatiles present in the liquid as 

it was intruded were in equilibrium with silicates and 

oxides present at depth at magmatic temperatures. O'Neil 

(1967, 1969) has shown that the volatiles, mainly E^O,would 

be enriched in O^8 by 2 to % relative to the minerals. The 

exchange of these 0-*-®-rich, volatiles with the rock as it 

cooled to lower temperatures, in the region where minerals 

18 
are enriched in 0 (as suggested by Taylor, 1968) could 

18 have shifted the 60 of the rock to a higher value (see 

Figure 8). Hornblende and biotite from the volatile-rich 

18 
melteigite, ijolite, and lamprophyre show higher 60 -values 

than those previously published for these minerals (Taylor 

and Epstein, 1962, 1963; Garlick, 1966; and Taylor, 1968), 

18 and the jacupirangite is higher in 60 than is expected 

for a magnetite-pyroxene cumulate. These rocks and minerals 

18 could be enriched in 0 due to post-crystallization exchange 

as mentioned above. 

Post-crystallization exchange between volatiles and 

minerals may complicate conclusions drawn from the 60^® _ 
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18 values of the analyzed rocks. The absolute &0 -values 

of the volatile-rich rock types may be misleading and con¬ 

clusions based on them are subject to error. However, if 

late stage volatile exchange has occurred then late dif- 

18 
ferentiates should be most enriched in 0 since they 

contain the largest amounts of volatiles. Thus by this 

reasoning the low 60 -value of the carbonatite shows it 

cannot be a collection of late stage volatiles. This 

argument tends to indicate a liquid immiscibility origin 

for the carbonatite. 

F. Correlation of Petrographic Occurrence and Oxygen 

isotope composition of Calcite. 

It was mentioned earlier that calcite in the Magnet Cove 

Complex has three major occurrences in the alkali silicate 

rocks. These occurrences, primary, deuteric, and hydro- 

thermal also have distinctive oxygen isotope values. The 

calcite thought to be primary in petrographic occurrence, 

1 ft like in sample UT-1, has a 5O -value that overlaps the 

18 60 -value of the whole rock in which it occurs, thus 

implying a high temperature equilibrium between calcite 

and the silicate minerals that make up the whole rock, as 

shown by Epstein and Taylor (1967). The calcite thought 

to be deuteric in petrographic occurrence, like in samples 
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18 
GPS-2, J-l and MCDP-30, is 1-2)^ enriched in 60 over the 

whole rock in which it occurs. This larger gap between 

18 whole rock and calcite 60 -values indicates a lower tem¬ 

perature of equilibrium between the two than in the 

primary occurrence, but still at elevated temperatures. The 

calcite interpreted to be hydrothermal in petrographic 

occurrence, such as in samples GBM-1, and BGI-1, is enriched 

18 in 0 by as much as 7^r over the whole rock in which it 

occurs. This wide gap in 50^®-values indicates a fairly low 

temperature of equilibrium between the two, or possibly 

disequilibrium. 

G. Comparison of the Present Work with Previous Studies 

Conway and Taylor (1969) analyzed magnetite and calcite 

from the carbonatite at the Kimzey Calcite Quarry. The 

18 
agreement between §0 -values for calcite at this location 

from this previous study and the present study is very good. 

18 The calcite-magnetite §0 temperature found by Conway and 

Taylor is about 585°C. The results presented here show the 

fractionation between calcite and phlagopite to be 1.%. If 

phlogopite -H^O fractionation is similar to muscovite -H^O 

fractionation then the calcite-phlogopite temperature may be 

close to 585°C (see Figure 8). A quantitative statement 

of the temperature suggested by the calcite-phlogopite pair 
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cannot be made here due to lack of data on phlogopite 

fractionation. 

Taylor, et, al. (1967) in their study of the Laacher See, 

Germany, carbonatite and associated silicate rocks found a 

18 
decreasing 5O -trend along the differentiation trend, with 

the carbonatite being the lightest of all. This trend is 

the opposite found at Magnet cove, but a close examination 

of the chemistry and petrology of these two occurrences 

offers an explanation for this disagreement. The Laacher 

See rocks displays an iron-enrichment trend as shown by 

chemical analyses of rocks and mineral phases. Clino- 

pyroxenes increase in total Fe and decrease in Mg and 

Ca as differentiation proceeds. By contrast, the Magnet 

Cove clinopyroxenes increase in Ca and Mg while total Fe 

decreases during differentiation (Erickson and Blade, 1963). 

The Magnet cove Complex thus shows no iron enrichment and 

may exhibit an alkaline trend, as suggested by Erickson and 

Blade's chemical analyses (see Figure 9). The Laacher See 

rocks thus imply low fC^ in the magma and may lead to an 

16 
increase in 0 as differentiation occurs. This type of 

18 ôO -trend has been shown in the iron-enrichment trend of the 

Skaergaard rocks by Taylor and Epstein (1963). This is the 

opposite condition from Magnet Cove where high fO prevailed 
A 

10 

with 0 -enrichment of residuals. Laacher See also shows a 



Figure 9 AFM diagram for Magnet cove rock types, 
from Erickson and Blade (1963). 

Taken 
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continuous spectrum from silicate-rich to carbonate-rich 

rocks. Figure 6 shows that only the lime-silicate rock, 

interpreted by Erickson and Blade to be a contact zone 

between carbonatite and ijolite, can be classified as a 

mixed carbonate-silicate rock. The other rocks presently 

exposed are either extremely silicate-rich or carbonate- 

rich, although it is possible that mixed rocks have been 

removed by quarrying. If a carbonatite is the end product 

of fractional crystallization then gradations of mixed 

silicate-carbonate rocks should be present. This condition 

18 as well as the on-trend 60 of the carbonatite at Laacher 

See indicate a possible fractional crystallization origin of 

that carbonatite. However, at Magnet Cove liquid immisci- 

bility appears to represent a more logical origin for the 

carbonatite, using all the data now available. 

Deines and Gold (1973) studied carbonatite and kimberlite 

TO 
occurrences world wide. They found a range of ÔC in these 

occurrences from -2 to -8^ vs. PDB. The values found at 

Magnet cove for carbonatite fall within this range. The 

13 
spread of 6C -values of Magnet Cove for calcites is very 

To 
small and thus little if any effect on 6C of carbonatites 

is observed during the extreme differentiation of a magma, 

as displayed at Magnet cove. Thus it appears that any large 

13 
variations between 6C -values of carbonatites and 
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kimberlites from place to place are due to variations in 

the source material, not differentiation, degassing, or 

liquid immiscibility processes in the complexes. 
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VII. CONCLUSIONS 

Figure 10 illustrates the combination of Erickson and 

Blade's ideas and those derived from this study regarding 

the genesis and development of the Magnet cove complex. The 

oxygen isotope data tend to support most of Erickson and 

Blade's hypotheses for the derivation and synthesis of the 

rock types. 

18 
The §0 -value of the initial intrusives in the 

complex could be explained either by the derivation of the 

complex by fractional crystallization of an undersaturated 

olivine basalt or by the exchange of a primary magma with 

18 
0 rich country rocks. The chemistry of the complex argues 

against crustal rock assimilation as an important mechanism. 

TO 

The increasing 60 -trend during differentiation may be 

due to fractional crystallization or the post-crystallization 

exchange between the minerals and deuteric volatile com¬ 

ponents . 

18 13 The ô0 and 6c -values of the carbonatite in relation 

to these values for the rest of the rock types in the complex, 

tend to support a liquid immiscibility origin for the 

carbonatite. The immiscibility appears to have taken place 

very early in the evolution of the complex. Other inde¬ 

pendent observations in the complex also suggest this 



Figure 10: Differentiation - fractionation sequence along 
with oxygen isotope evolution for the various 
rock types at Magnet cove showing most logical 
mechanisms to explain chemical, structural, and 
isotopic data for the complex. 
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mechanism and cast doubt on a fractional crystallization 

origin for the carbonatite. 

13 
The §c -values for the calcites of the complex fit 

Deines and Gold's range for so-called mantle carbon. The 

13 small variation in ÔC in the complex indicates a common 

source for all of the carbon in the complex. The available 

data are not sufficient to rule out limestone as the carbon 

source, but the stratigraphy of the area renders this 

unlikely. Alternatively the mantle is regarded as the most 

likely source of carbon for the Magnet cove complex. 
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SAMPLE 
GPS-CG 

DJ-2 

LS-82 

C-l 

C-2 

C-3 

ENSP-1 

BGI-2 

APPENDIX I 

ROCK TYPE 
Garnet 
pseudo- 
leucite 
syenite 

CALCITE 
OCCURRENCE 

none 

Nepheline none 

Lime intergrown 
silicate with phlog, 

replacing 
cpx also 

Carbonatite principle 
constituent 

Carbonatite principle 
constituent 

Carbonatite principle 
constituent 

Eudialyte none 
nepheline 
syenite 
pegmatite 

I j dite none 

DESCRIPTION OF ROCK* 
cg, hypaut; 60% or, 
20% cpx, 10% ne, 5% gt, 
2% bt, 2% soda, 1% acc. 
Minor zeo alteration of 
or. 

cg, hypaut-autoy 80% 
or, 12% ne, 5% cox, 2% 
bt, 1% acc. Minor kaol- 
initization of or. 

cg, xeno; 30% cpx, 20% 
phlog, 20% cc, 10% ido, 
10% zeo, 3% ap, 2% per, 
3% soda, 2% acc. Mod¬ 
erate alteration of cpx, 
ido is pseudo-mel. 

cg, auto; 75% cc, 15% 
mon, 4% mt, 4% phlog, 
2% acc. No alteration. 

cg, auto? 85% cc, 5% 
wav, 5% mon, 4% mt, 1% 
acc. No alteration. 

cg, auto; 90% cc, 5% 
mt, 3% way, 2% acc. 
Slight alteration of 
mon and mt. 

cg, hypaut-auto; 30% 
cpx, 50% or, 10% ap, 
5% ne, 3% soda, 1% zeo 
1% acc. Or slightly 
zeolitized with some 
kaolinitization. 

cg, xeno; 30% gt, 20% 
bt, 20% ne, 15% cpx, 
10% zeo, 5% acc. Heavy 
alteration of ne to 
zeo. 
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SAMPLE 
TG-1 

TG-2 

APB-8 

APB-6 

CALCITE 

ROCK TYPE OCCURRENCE 
Tinguaite As veins 

DESCRIPTION OF ROCK* 
fg, xeno, porphy, ting; 
40% or, 30% cpx, 25% ne, 
2% ab, 3% acc. Minor 
alteration of cpx, or, 
and ne to bt and zeo. 

Tinguaite As veins same as TG-1. 

Altered 
phonolite 

As blebs in 
or and ne, 
intergrown 
with bt also 

fg, xeno, microporphy; 
30% or, 30% bt, 10% ne, 
10% cc, 8% cpx, 5% soda, 
3% gt, 2% zeo, 2% acc. 
Moderate to heavy alter¬ 
ation of cpx phenocrysts 
to bt. 

Altered 
phonolite 

bt, 8% cc, 2% acc. 
Slight alteration of cpx 
to bt-mt. 

Same as in fg, xeno; 50% or, 15% 
MDCP-8 cpx, 10% ab, 10% ne, 5% 

APB-CE 

SNS-1 

GBM-1 

Pyroxenite As veins and cg-fg, hypaut; 30% cpx 
xenolith in in pockets in 30% chi, 30% cc, 10% 

acc. Cpx heavily alt¬ 
ered to chi, only rem¬ 
nants of cpx left. 

altered 
phonolite 

the altered 
cpx crystals 

Sphene 
nepheline 
syenite 

As veins and mg, hypaut; 35% or, 
interstitial 20% cpx, 20% hb, 15% 

ne, 5% ab, 4% sph, 1% 
acc. Minor alteration 
of cpx to hb. 

Melteigite As veins and mg-cg, xeno, porphy; 
interstitial 40% bt, 20% cpx, 15% 

or, 10% gt, 10% ne, 2% 
soda, 3% acc. Moderate 
alterations of cpx to 
bt. 



61 

SAMPLE 

GBM-3 3 

BGI-1 

UT—1 

J-l 

J-2 

J-3 

CALCITE 

ROCK TYPE OCCURRENCE DESCRIPTION OF ROCK* 

Melteigite As veins and fg-cg, hypaut, porphy; 

interstitial 60% bt, 20% cpx, 10% ne, 

5% or, 5% acc. Abundant 

alteration of cpx to bt. 

Ijolite As veins and eg, xeno; 30% cpx, 30% 
interstitial ne, 20% gt, 15% bt, 4% 

zeo, 1% acc. Minor 

alteration of cpx, 

moderate to heave alter¬ 
ations of ne to zeo. 

Undivided In ocelli fg, xeno, porphy,pilo,oc; 

trachyte- 35% or, 20% bt, 20% ab, 

phonolite 8% cpx, 3% hb, 5% ne, 3% 

cc, 2% mt, 2% zeo, 2% 

acc. Moderate alteration 

of cpx and hb pheno- 

crysts to bt. 

Trachyte As blebs in fg, xeno, prophy; 40% or, 

dike in or, zeo 25% cpx, 6% gt, 10% bt, 

jacupir- 5% ne, 5% mt, 3% soda, 

angite 3% cc, 2% zeo, 1% acc. 

Minor alteration of 

cpx to bt-mt. 

Jacupir- none mg, hypaut; 65% cpx, 

angite 15% mt, 5% ne, 5% or, 

5% sph, 3% bt, 2% acc. 

No visible alteration. 

Jacupir- none. mg, hypaut; 50% cpx, 20% 

angite gt, 10% ne, 5% or, 5% 

sph, 2% mt, 3% ap, 2% bt, 

2% zeo, 1% acc. Minor 

alteration of cpx and 

ne to bt-mt and zeo. 

Lampro¬ As inter¬ mg-fg, xeno, porphy; 

phyre stitial 40% hb, 35% cpx, 15% ab, 

3% or, 2% sph, 3% bt, 2% 

acc. No alterations. 

Lp-la 



62 

SAMPLE 
GPS-2 

GPS-30 

AOM-1 

MS-3 

MS-2 

MS-1 

MS-4 

MS-5 

ROCK TYPE 
Garnet 
pseudo- 
leucite 
syenite 

CALCITE 
OCCURRENCE 
As blebs in 
ne with can 
rims 

DESCRIPTION OF ROCK* 
mg, xeno, porphy; 40% 
ne, 20% or, 16% cpx, 6% 
gt, 10% cc, 3% sph, 2% 
hb, 3% acc. Minor al¬ 
teration of ne and cpx. 
5-10 mm pseudoleucite of 
ne, or, zeo, and cc. 

Garnet 
pseudo¬ 
leucite 

As blebs in 
ne, or, and 
zeo with can 

mg, xeno, porphy; 35% 
ne, 20% or, 20% cpx, 10% 
gt, 5% cc, 3% hb, 2% 
sph, 2% mt, 3% acc. 
Minor alteration of ne, 
or, and cpx. 2-3 mm 
pseudoleucite of ne, or, 
zeo, and cc. 

Analcime- none 
olivine 
melagabbro 

mg, hypaut; 50% cpx, 20% 
hb, 10% an, 10% serp, 5% 
mt, 4% zeo, 1% acc. Serp 
is pseudo-ol, moderate 
alteration of cpx to 
hb-mt. 

Shale none fg; 90% clay, 10% 
quartz. 

Shale none same as MS-3, but 
slight development of 
bt. 

Shale none same as MS-3, but more 
development of bt. 

Shale none 
hornfels 

abundant recrystall¬ 
ization of clays and 
quartz. 

Sandstone none mg; 90% quartz, 10% 
clays. Some recrystal¬ 
lization of clays and 
quartz seen. 
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♦Definition of abbreviations: eg = coarse grained; mg = 

medium grained; fg = fine grained; xeno = xenomorphic 

granular; hypaut = hypautomorphic granular; auto = 

automorphic granular; porphy = porphyritic; pilo = pilotax- 

itic; oc = ocellar; or = orthoclase; ab = albite; ne = 

nepheline; ap = apatite; cpx = clinopyroxene; hb = horn¬ 

blende; bt = biotite; zeo = zeolite; cc = calcite; wav = 

wavellite; mon = monticellite; mt = magnetite; gt = garnet; 

sph = sphene; soda = sodalite; an = andesine; serp = 

serpentine; phlog = phlogopite; ido = idocrase; mel = 

melilite; ol = olivine; chi = chlorite; acc = accesory 

minerals. 


