Rb-Sr GEQOCHRONOLOGY AND Sr ISOTOPE SYSTEMATICS OF SOME

MAJOR LITHOiOGIES IN CHANDOS TOWNSHIP, ONTARIO

By
LARRY M. HEAMAN, Hons. B.Sc.

A Thesis
Submitted to the School of Graduate Studies
in Partial Fulfilment 0f the Requirements
for the Degree

Master of Science

McMaster University

November 1980



MASTER OF SCIENCE (1980) McMaster University
{GEOLOGY) _ Hamilton, Ontario

TITLE: Rb-Sr Geochronology and Sr Isotope
Systematics of Some Major Lithologies
in Chandos Township, Ontario.

AUTHOR: Larry M. Heaman, Hons. B.Sc. (University
of Western Ontario)

L

SUPERVISORS: Dr. D.M. Shaw and Dr. R.H. McNutt

NUMBER OF PAGES: x; 141.

ii



ABSTRACT

4
¥

The strontium isotopic composition of three major
units in Chandos Township was investigated to determine fée
age of each unit and attempt to discern some geological
enigmas associated with these rocks.

The Loon Lake pluton is composed of a monzonite core
gradational to a quartz monzonite rim with subordinate
isolated outcrops of diorite-gabbro and granodiorite gneiss.
Separate Rb-Sr whole rock isochrons were determined for the
monzonite (t=1052+21 Ma.; Ri=0.7036%6) agd gquartz monzonite
(t=1071%17 Ma.; Ry=0.7034%5). Since these ages and initial
strontium ratios (Rj) are indistinguishable, the data from
both units were combined to form a Loon Lake composite
isochron (t=1065%13 Ma.; R;=0.7034*4). The age determined
from the composite isochron is interpreted as the time of
emplacement of this pluton. The overlap in R; favours a
cogenetic relationship for these two units dominated by
fractional crystallization but the extreme Rb enrichment in
the quartz monzonites and the significant hiatus in the
average 6180y, values (monzonite - 9.5 ©/p0; quartz monzonite
- 11.0 9/5o) are difficult to explain by this model. The
relatively high range of §180y,y values for this pluton
(8.8 to 12.0 9/0p) and the low Rj reflect a source in the

lower crust.
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The Tallan Lake sill consists of an upper 180 meters
of amphibolite which is transitional to a lower 80 meters of
well foliated syenite. Strontium isotope results for samples
" from both horizons were combined in the regression treat-
ment to yield a McIntyre III errorchron age of 1225x50 Ma.
Although there is some uncertainty associated with this
errorchron age, thisﬁdata is interpreted to indicate the
time of intrusion of the sill. This data is consistent with
the contention that these rocks regresent a consanguineous
sequence which now forms part 5f a large scale nappe stfuc—
ture. A mantle derivation for this sill is supported by the
low Rjy (0.7031%7).

A detailed strontium isotope study of the Apsley biotite
gneiss indicated contrasting system$£ics between the "sodic"
and "potassic" suites. The results from a regression treat-—
ment of five "sodic" Apsley gneiss samples indicated an
isochron age of 140257 Ma. This age is interpreted as an
average depositional age for the volcanic and sedimentary
components of this unit thus the Apsley gneiss represents
the oldest known rocks in this part of the Grenville Province.
The low Rj for the sodic samples (0.7022:12) provides
additional evidence that the isotopic composition of this
unit was not severely affected by Grenville metamorphism. On
the other hand, the "potassic" Apsley gneiss shows open

system behaviour.
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CHAPTER I

INTRODUCTION

1.1 Location o

-
-

The area chosen for studf'is located within Chandos
Township, Peterborough County, Ontario (Fig. 1.1). Most of
the local relief is gentle undulating terrain with a max-
imum elevation contrast of 75 meters. Low lying regions are
often occupied by swamps or lgkes, hence the best outcrop

exposures are along lakeshores\agg,roadcuts.

1.2 General Geology

The rocks of Chandos Twp. constitute a small
portion of the Central Metasedimentary Belt in the Grenville
Structural Province (Wynne-Edwards,1972). This belt can be
traced for approximately 400 kilometers in a SSW-NNE direc-
tion (Fig. 1.1, inset) and consists primarily of inter-
calated marbles, calc-silicates, quartzo-feldspathic
gneisses, and amphibolites of the Grenville\SuPergroup.
This supracrustal sequence has been subsequently invaded by
numerous igneous bodies of Qarious composition and geometry
(Wynne-Edwards,1972) .

Previous recoﬁnaissance studies in the SW portion
of the belt (Hewitt,1956; Lumbers,1967; Wynne-Edwards,1972)

have distinguished two types of terrain:

(a) Haliburton Highlands - a high grade meta-

A
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morphic terrain dominated by mantled gneiss
domes. It is bounded to the east by the
Burleigh fault (Fig. 1.1).

(b) Hastings Basin - this region consists pre-

“\dominantly of éreenschist facies supra-

crustal rocks corresponding to the Grenville

group. e of metamorphism
increases to middle amphibolite facies near
the fault controlled NW margin.
Stratigraphic correlation within the Hastings Basin is
‘complicated by the lack of recognizable marker horizons,
absence of sedimentary structures in the high grade
domains, and complex folding (Pumbers,l967; Shaw,1972) .
A regional correlation has be%ﬁ attempted by Lumbers (1967)
but in view of the limitations mentioned above, this
correlation is quite tenuous.

The two prevailing stratigraphic units in the
vicinity of Chandos Twp. are the Hermon and Mayo Groups.
The former is characterized by abundant metavolcanic
members which are-believed to be lower in the stratigraphic
sequence than the metasedimentary members of the Mayo
Group (Lumbers,1967).

Detailed descriptions of individual formations
have been published elsewhere (Adams and Barlow,1910;
Hewitt,1956; 1957; 1961l; Simony,1960; Shaw;1962; Lumbers,

1967; Laasko,1968; and Jennings,1970) and the relevant



information from these studies will be discussed in the

following chapters.

1.3 Previous Isotopic Studies

Many of the early isotopic studies in the Gren-
ville Province, initiated by the Geological Survey of
Canada, employed the K~Ar mineral technique for age
determinations (Aldrich et al.,1958; Lowdon,1960; MacIntyre
et al.,1967). Eventually, it was recognized that this data
did not record the age of intrusive events but represe&ted
the time when a particular mineral phase passed througﬁ\\
its "blocking temperature" (Hurley et al.,1962). Furthergx
more, other radiometric studies using the U~-Pb zircon and !
Rb-Sr whole roc# methods indicated that the correspondingl
‘K-Ar ages were ca. 200 Ma. lower. j

Harper (1967) attempted to synthesize all the K-Ar
data by contouring the ages obtained from biotite separates.
He interpreted the increase in K-Ar biotite ages towards
the Grenville front to represent the progressive uplift
of the Grenville craton through an isothermal plane.

Subsegquently, there have been numerous radiogenic
isotope studies in the Grenville Province and a summary of
the geochronological studies near Chandos Twp. (excluding
the K-Ar age determinations) is presented in Table 1.1.
The location of specific studies are delineated in Figure

1.1 by letters corresponding to the results in Table 1.1.



Table 1.1 Previous cveochronological studies near Chandos Township

Re=-Sr Whole Rock

*
rar Code Location Roch Tyne Age (Ma) Initial Ratio
A Bicroft Mine Pegmatite 959+15 0.7054
B Raladar Granite Gneass 1013+60 0.7110
C Durlexigh Falls Granite Gneiss 1780-39 0.7246
D Deloro Granite 109¢+48 0.7036
E Cheddar Granite 118151 0.6909
F Blue Mountain Ne. Sverite 125841 0.7041
G Umfraville Gabbro 0.70253
H Tallan Lake ltarble (skarn) G.7056
U-Fb Zircon
*
Map Code Location Rock Tvpe Age (l'a) Reference
G Umfraville Syenite 1157-20 5,9
I Elzevir Cranite 1226=25 5,7
J Burnt Lake Metarhyolite 1226+25 10,11
J Tudor Metarhvolite 1286415 S,7
t.tAr_:éAr
*
Map Code Location Rock Type Age (Ma) Reference
*
K Glamorgan Gabbro (Hb) xx 28D 6
L Thanet . Gabbro(lh,Bio) 1290,1090 €

Note: Ages are re-calculated using the revised decay constants (Steiger and

* See Fig. 1.1

** (Hb) - Hornblende separate; (Bio' - Bictite separate

References

Fowler and Doig (1979)

Kroah and Hurley (1968)

Wanless and Loveridge (1972)

Grttains et al, (1969)

Silver and Lumbers (1965)

York (1978)

Davidson et al: (1979)

Fowler (1980)

Syrons (1978) ’
Baer (1978) )
Lumbers 11967) N

e QWD 0~ O Uk W RO

fovpen

Reference

1,
2
2
3
1

2
2
4

8

8



To facilitate comparison of data from previous studies with

the results from this thesis, yall Rb-Sr whole rock and U-Pb
zircon age determinations in ;Lble 1.1 have been re-
calculated using the revised decay constants for 87Rb
(A=1.42 x 10-11 yr.=1) and v (A238=1.55125 x 1010 yr -1
and X935=9.8485 X 10-10 yr.-1l). These decay constants were
approved by the I.U.G.S. Subcommission on Geochronology for
interlaboratory standardization (Steiger and Jager,1977).

Most of the U-Pb zircon age determinations in the
Hastings Basin have been summarized by Silver and Lumbers
(1965). Thgg distinguished two major periods of igneous
activity ca; 1249 and 1115 Ma. (revised ages) which they
suggest coincide with two major pulses of the Grenville
orogeny. There is only one published age determination for
the Grenville Supergroup in the Hastings Basin, a U-Pb

zircon age of 1286 + 15 Ma. for a metarhyolite flow from a

lower section of the Tudor volcanics (Silver and Lumbers,

‘1965).

\\ The grouping of igneous activity defined by U-Pb

zircon ages is supported by Rb-Sr whole rock studies east
of the Elzevir batholith (J.M. Moore, personnal communi-
catioh). However, the Rb-Sr data indicates a period of
younger activity with emplacement of small plutons and
dikes ca. 950~1050 Ma. (qugh and Hurley,1968; Wanless and
Lovefidge,1972). Some of~tﬁe Rb-Sr whole rock studies which

lack sufficient isotopic data (ie. the two point isochron



for the Ridge granite; Krogh and Hurley,1968) or show a
significant scatter in the data (e.g. the Rb-Sr whole rock
errorchron for the Deloro pluton; Wanless and Loveridge,
1972) should be igterpreted with extreme caution.

Rb-Sr whole rock analyses of marbles from the
Grenville Supergroup (Gast,1960; Krogh and Hurley,1968;
Gittins et al.,1969) indicate a range of initial strontiuﬁ
ratios from 0.7048 to 0.7084. There is some evidence that
marbles in contact with intrusive bodies are enriched in
radiogenic strontium (Gittins et al.,1969) so only the
lower values are considered representative of Precambrian
carbonates deposited ca. 1300 Ma. (Veizer and Compston,
1976a).

Stable isotope studies in the Hastings Basin encom-
pass a reconnaissance oxygen and carbon isotope study
of marbles (Sheppard,1966; Sheppard and Schwarcz,1970), a
regional oxygen isotope study of granites and migmatites
{Shieh and Schwarcz,1974; Shieh,1980), and a more detailed
oxygen and carbon isotope investigation in Chandos Twp.
“(Shieh et al.,1976). A compilation of this data is presented
in Table 1.2 and can be summarized as follows:

/}é) The average éxygen and carbon isotopic

- compositions of Grenville marbles in Chandos
Twp. (81%0 = 26.6 °/oo0; §'°C = 3.0 %°/4,) are
in the upper range of marine carbonates

(Shieh et al.,1976). Samples which show a
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{b)

t

depletion in the heavy isotopes were collected
near or within intrusive bodies and may have
suffered decarbonation reactions or isotopic
exchange with the intrusion.

The oxygen isotopic coﬁposition of igneous‘
rocks in the Hastings Basin is more variable
(7.0 to 16.5 °/,4; Shieh,1980) than the range
for intrusive rocks from the Haliburton

Highlands (6.0 to 9.0 °/,,; Shieh and Schwarcz,

1974).
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CHAPTER TII )

ANALYTICAL PROCEDURES

2.1 Sample Collection and Crushing

Fresh hand samples or composite chip samples
weighing between 5 and 20 kilograms were collected from
outcrops that were visibly devoid of veins, extreme
weathering, or faulting. A suite of samples were collected
from each unit to obtaiﬂ”a variable range in the Rb/Sr
ratio.

The samples were prepared for crushing by removing
all weathered surfaces with a hammer. Approximately one
half of the sample was retained for thin sectioning while
the remainder was passed through three pulverizing stages:

(1) Jaw Crusher - hand samples reduced to 2-4 cm3

chips

(2) Ceramic Disk Grinder - sample reduced to 1

cm3 chips

(3) Tungsten-Carbide Beuler - sample reduced to

a fine powder A
The samples were stored in clean 250 ml. polypropylene
containers. All metal parts of the jaw‘crusher were cleaned
with a wire brush and subsequently rinsed with acetone
after each éample The other crushing equipment was cleaned
with air and acefkone.

10

AN
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Table 2.1 Operating conditions for mass spectrometer, AAS, and XRF

sr.
Mass Spectrometer
Ionization current (amps)
Wide Ta filament (0.03x0, 00 1lmm) 2.5
Narrow Ta filament (0.02x0.00lmm) 1.8
Ionization voltage (volts) ca, 1.0
Accelerating voltage (mass 88) 5540
Magnetic field strength (gauss) 4015
Range on VRE (volts) 1
Input resitor (ohms) 10"
Count/delay time (seconds) 10/5
Atomic Absorbtion Spectroscopy
Wavelength (nm) 230
51it setting (nm) 1.4
Light source electrodeless
discharge
Flame a1r-C2H2
Burner head 3-slot
Fuel/oxidant1 45/70
Filter -
Na buffer no
X-xay Fluorescence Spectroscopy
Program Rb-Sr
Voltage (Kv) 80
Current (ma) 30
Target Mo tube
Crystal LiF 200
Collimnator fine (15mm)
Counter scintillation
Count time (seconds) 40
Spinner on
PHA - yes

T Acstylene/y.vgen

Rb

1.0

ca. 0.3
5580
4015
0.300-3
10M

1/3

390

4.0 >
hollow
cathode

alr-C2H2

3~slot /"\\_
45/70
red
no

Rb=-Sr~-Y¥-Zr-Nb
50
50
W tube
LiF 200
fine (15mm)
scintillation
20

on
yes
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2.2 X-ray Fluorescence Spectroscopy

_Trace element concentrations were determined for
each sample using a Phillips PW 1450 automated XRF. The
operating conditions for each program used in this study
are outlined in Table 2.1.

All trace element analyses were obtained on éowder
pellets. These pellets were prepared by combining the sample
powder (3 to 4 grams) with 3 drops of Mowiol binding solu-
tion in a 5 dram glass vial. This mixture was loaded into
cheﬁplex aluminium pellet cups and compressed to 20 tons
pressure in a Spex 30 ton press.

Preliminary analyses for Rb, Sr, Y, Nb, and Z2r
(Table 2.1) were used to select 6 to 12 samples from each
unit with sufficient Rb/Sr variation for isochron analysis.
Triplicate powder pellets were prepared for each selected
sample and analysed for Rb and Sr concentrations following
the Mo-Compton peak method (Rb-Sr program; Table 2.1)
degcribed by Reynolds (1963; 1967) and Turek et al. (1977).
The Rb/Sr ratios were determined as ratios vof the total

corrected peak counts (Doering,1968; Marchand,l973)g:j“\,

2.3 Sample Disscolution and Cation Exchange Si&

The samples selected for isotopic analyses were
prepared for strontium isolation following the procedure
outlined in Appendix A (see Beakhouse and Heaman,1980).

This procedure is similar to that of Gibbins (1972) and
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includes the modifications described By Birk (1977). New
acid digestion bombs with metal retaininé jackets (Parr
model #4745) allowed sample dissolution at higher temper-
atures (135 ©OC) without loss of vapor.

Samples prepared for isotope dilution analyses
were double spiked with isotopically enriched ®’Rb and
8%sr solutions and then processed following the procedure
in Appendix A. The isétopic composition and concentration
of the spike sol tions\arejpresented in Table 2.2,

The relative concentrations of Rb and Sr in the
cation exchange column discharge was determined by atomic
absorbtion spectroscopy (AAS). The operating conditions
for the analysis of Rb and Sr by AAS are tabuI;ted in
Table 2.1.

:-

2.4 Mass Spectrometry

Strontium isotopic ratios plus Rb and Sr concen-
trations for whole rock samples and mineral separates
were determined using a single filament, 10 inch, 90°
sector, Nier~-type mass spectrometer (SS~2 McMaster Geo-
chronology Lab). A detailed description of the hardm@ﬁﬁxhzﬁ\\
and loading procedures for this mass spectrometer has been ~
presented by Wolff (1977a; b).

Prior to loading the saméle‘onto a pre-conditioned

button, the tantalum filament was etched with one drop of

1.0 M H3PO4. The sample was dissolved in double distilled
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Table 2.2

84Sr séike

Sr concentration 9.80

Atomic fractionl 84Sr
87Sr

Sr shelf solution

Sr concentration 40.78

Atomic fraction2 f84Sr
87Sr

87Rb spike

Rb concentration 16.27,

/

Atomic fraction3 87‘Rb

Rb shelf solution

Rb concentration 26.86

Atomic fraction2 87Rb

1

Faure (1977) 4
Measured in this study \

NBS certificate for referenggAmagfr

ugm,/ml
= 0.99892; %y
= 0.00010; S5y

ugm/ml
= 0.0056; 865r
= 0.0704; 885r
e ,_/*»‘
agm/ L
85

= 0.99151; Rb

Py

ugm/ml

= 0.2783; 85Rb

SN

Composition of spikes and shelf solutions

0.00059 }

0.00039 ///f,éx

s

s (\\
I
0.05?7 ﬁ\>

0.8353
0.00849

0.7217

igl\gss"’//

\



]

\
J .
(

Ho0 then {Efee successive drops of this solution were
loaded onto L e filament and allowed to dry under an infra-
red heat lamp. The button was loaded into the mass spec-
trometer followieg the procedure outlined by Wolff (1977a)
then degassed at ;-E§rreﬁt of 1.0 ampere when the vacuum
was less than 10‘5'€$rr. Degassing under poor vacuum
(<10~3 torr) is not recommended as extreme oxidation
weakgps the filament and it may deform at higher temper-
atures. ‘

?o prepare for normal strontium isotope data
collection, the Sr beam was located on the 10 mvolt

range of the vibrating reed electrometer (VRE) and allowed

to stabilize for 0.5 to 1.0 hour. If there was any peak

detected at mass 85 then these conditions were maintaingd
until all the Rb had been Véporized. The ionization
current was then gradually increased until & ’Sr peak
registered on the 1 volt range of the VRE.

The operating conditions for the two filamept
sizes used in this study are outlined in Table J%?T\For
most analyses, wide tantalum filaments were used and
individual runs routinely consisted of 150 to 200 scans
over three strontium peaks (mass 88,87,86). Most of the
data reported in this study were colleeted when the
strontium beam was growingﬂgt a slow and steady rate (ie.

N 200 counts/sec. for the %%Sr peak). Whole rock samples

with less than 50 ppm strontium and samples to be analysed
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—
by isotope dilution were loaded onto narrow tantalum

filaments to increase the run duration.

Isotopic analyses during the winter months were
very stable and operating vacuums between 5 and 8 x 10-8
torr could be achieved consi;tently by "baking" the source
with heating coils between, runs. Analyses during the
summer.months were hindered by the high humidity conditions
in the laboratory.

The source was cleaned with methanol every 4 to 6
weeks during continuous operation and not disassembled in
order to preserve the source plate geometry.

Two major modifications on the mass spectrometer
were made during this study. The first involved inter-
facing a TRS-80 (Radio Shack Corp.) micro-processor to
facilitate automated magnetic field strength switchiﬁg and
on-line data calculations. A copy sf the raw data and
calculations were recorded on a t;ietype which allo@ed the
operator to monitor the emission behaviour of the sample
at the end of each data block (10 to 30 scans).‘Four
programs were written for the micro-processor in Level II
basic (Appendix C):

(1) Strontium isogope data collection and ratio

calculations 4
(2) Strontium isotope data collection for isotope

dilution (ID) analyses

(3) Strontium ratio and concentration calculations
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fdf ID data
(4) Rubidium isotope data collection and calcu-
lations for ID analyses
A brief explanation of each program is included in Appen-
dix C. N
The second\modification eliminated the abundant
high frequency voltage surges in the main power line which
were detected on the VRE and digital voltmeter. A separate

main power supply line was installed which was free of any

extraneous signals.

2.5 Isotope Dilution

In many geochronological studies, isotope dilution
analyses have been replaced by the more rapid XRF method
for determining the Rb/Sr ratio of a sample. However,
isotope dilution is very useful for determining precisely
the trace element concentrations in small sample aliguots
(ie. mineral separates) or in samples with extremely low
or -high Rb and Sr concentrations. The theory of isotope
dilution is covered by Fauré and Powell (1972) and Faure
(1977) and will not be developed here.

To analyse Sr by isotope dilution, data was col-
lected at five mass positions (88 to 84 inclusive) on 8%Sr
spike - sample mixtures using program 2 (Appendix C). This
data was stored on cassette tapes and later reloaded into

program 3 (Appendix C) to simultaneously calculate the
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strontium concentration and isotopic ratio for each sample.
Programs 2 and 3 were not combined so as to maximize the
amount of data collected per sample.

Rubidium analyses were determined on ®’Rb spike-
sample mixtures using a single tantalum filament assembly
(see Table 2.1 for operating conditions). To monitor extreme
fraction;tion effects, the Rb data was collected at three
ionization temperatures (300 mV, 1 V, and 3 V range on the
VRE) but the measured ratios did not vary by more than
t 2 %,

The ®“Sr and °’Rb spikes used in this study were
obtained from the Oak Ridge National Laboratory. The
isotopic composition of the °“Sr spike used in the ratio
calculations is that reported by the National Bureau of
Standards for reference material 988 (Table 2.2). The
isotopic composition of the ®’Rb spike reported in Table
2.2 was measured directly on the mass spectrometer.

Rubidium and strontium shelf solutions, for
calibfation of the spikes, were prepared by dissolving
known guantities of Johnson Matthey "specpure"” RbCl and
Sr(NO3)2 in 50 ml of 2.5 N HCl. These shelf solutions were
guantitatively combined with the corresponding spike
solution and the isotopic composition of the mixtures
analysed on the mass ;pectrometer. The concentration of the
spike solutions (Table 2.2) were calculated from the

expression:
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N x W, X Cp (b2 x Rpm) - abd
s = x / WR

W AbA - (Rp x AbB)

Where: N weight of shelf solution

Cp = concentration of shelf solution
Wnp = atomic weight of an element in the shelf
solution
Wg = atomic weight of an element in the spike
solution
Ry = measured isotopic ratio (A/B)
WR = weight of spike solution
Ab% = abundance of isotope A in the shelf solution
Abg = abundance of isotope A in the spike solution

2.6 Blanks

Total blanks for the complete analytical. procedure
were determined by processing a measured gquantity of spike
solution in place of a sample. The total Sr blanks deter-
mined in this study (Table 2.3) are comparable to values
previously reported for 100 mg samples by this laboratory
(e.g. Gibbins,1973 - 16 ng; Wolff,1977b - 15 ng; and Birk,
1977 - 33 ng). These relatively low total Sr blanks do not
significantly alter the strontium isotopic ratios deter-
mined for whole rock samples with greater than 10 ppm Sr
so a Sr blank correction was not necesséry.

Individual reagent blanks for Sr were also deter-
mined (Table 2.3) and collectively account for most of the
total Sr blank.

One total Rb blank (Table 2.3} determined in‘this

study is relatively high compared to other laboratories
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Table 2.3 Blanks analysed during this study

1 st
Tgkal Blanks
6/05/79 32 ng
21/09/79 6 ng
8/02/80
2
Reagent Blanks
HF 1.6 ng
Hzo 0.7 ng
HC1* 1.1 ng
HNO3* 3.2 ng

Total blanks determined for 250 mg samples
Values reported per ml
* Analysed by G. Beakhouse

&

85 ng
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(e.g. Peterman et al.,1967 - 20 ng; Chappell et al., 1969 -~
1l ng; Menzies et al.,1978 - 0.1 ng; and Wooden and Goodwin,
1980 - 1.0 ng) but the source of this Rb contamination is
uncertain. Therefore, a Rb blank correction was applied to

all the Rb analyses reported in chapter 3.

2.7 Analvytical Errors

In order to evaluate the error associated with a
particular analytical method it is essential to determine
the accuracy and reproducibility (precision) of the total
procedure. In the following discussion £he error associated
with the Rb and Sr elemental data includes the accuracy
and precision of the XRF analyses plus sample inhomogeneity.
The error in the isotopic analyses include the repro-
ducability of the total chemical procedure and the mass
spectrometer analyses.

2.7.1 Accuracy

Detailed analyses of several U.S.G.S. standards
determined by isotope dilution (Compston et al.,1969;

De Laeter and Abercrombie,1970; Fairburn and Hurley2197l;
Pankhurst and 0'Nions,1973) and a compilation of XRF
analyses (Abbey,1977) provide the best references for
evaluéting the accuracy of trace element and isotopic
analyses. A comparison of trace element data determined by
XRF in this study for two U.S.G.S. standards (G-2 and GSP-1)

with the corresponding values reported by Abbey (1977) is
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presented in Table 2.4. The Rb and Sr data from this study
agree within 2% of the values reported by Abbey (1977).
The Rb/ér ratios, determined by the Mo-Compton peak method
deviate by less than 1% from Abbey's data (Table 2.4).

Rubidium and strontium concentrations determined
for these same two standards by isotope dilution (Table 2.4)
are not as accurate as the XRF results. If these isotope
dilution results are compared to the analyses of Pankhurst
and O'Nicons (1973), the error in the Sr data is less than
2%. The isotope dilution data for Rb on standard G-2 is
very close to the value reported by Pankhurst and O'Nions
(1973) but the Rb data for GSP-1 deviates by more than 8%.
This large deviation may reflect the poor control on
fractionation of Rb isotopes using a single filament
assembly.

The accuracy of the strontium isotopic analyses was
determined on three analyses of the Eimer and Amend SrCOj
standard (Table 2.5). The average value of these three
analyses (0.70806 * 5) agrees within 0.01%‘qf the value
assigned to this standard (0.70800). These analyses plus
the fesults for the‘kBS 987 standard (# 0.03%) reflects
only the accuracy of the mass spectrometer analyses. To
determine the accuracy of the total pr&cedure for isotopic
analyses, twé standards (G-2 and GSP-1) were passed through
all stages of the procedure. The results for GSP-1 (Table

2.5) are in close agreement (* 0.01%) with the data



Table 2.4 Trace element data for standards determined by XRF
and isotope dilution

G-2%

GSP-1

Isotope Dilution

G-2

GSpP-1

N %

Abbey (1977)

Pankhurst and O'Nions (1973)

Bb

/
167 ~

170

247

250

170

169

268

255

Average of three analyses

473

480

229

230

484

475

238

235

0.3536

0.3542

1.0815

1.0869

0.3512

0.3558

1.1261

1.0910

Reference
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published by Pankhurst and O'Nions (1973) but the isotopic
data for G-2 has a much greater deviation (& 0.08%). Only
one analyses of G-2 was attemptéd so the large error may

reflect a poor mass spectrometer run and/or contamination

of the standard.

2.7.2 Reproducibility

The brecision of the Rb and Sr data reported in
Appendix B was calculated on three analyses of the standard
G-2 (Table 2.6) using the Rb-Sr XRF program. These results
indicate that the precision of the Rb, Sr, and Rb/Sr data
using the Mo-Compton peak method (Turek et al.,l977) is
better than * 1.0%. The precision for the total analytical
procedure to determine the Rb/Sr ratios was determined
from an average of all samples analysed inAtriplicate. A
blanket error of 1.0% for all Rb/Sr ratios was considered
a generous estimate and hence used in the isochron error
calculations (section 2.8).

Q Two standards (G-2 and JG-1) were repeatedly
analysed with the Rb-Sr-Y-Zr-Nb program (Table 2.6) and
the error in the Y, Zr, and Nb data is generally less
than 15%.

A total of eight samples were analysed in duplicate
for the strontium isotopic ratio on the mass spectrometer
SS~2 in the period 1978 - 1980 by three separate analysts

(Table 2.7). The average error for these analyses is
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Table 2.7 Duplicates analysed on the mass spectrometer

Analyst Sample (87Sr/865r)* 1o Scans (87Sr/865r) % Error
1 LL8 0.73474 0.00026 100
0.73454 0.027
0.73434 0.00015 130
1 LL27 0.72029 0.00022 80
0.72052 0.032
0.72075 0.00013 170
1 TL12 0.74639 0.00007 120
0.74654 0.019
0.74668 0.00009 120 -
1 Dl 0,76161 0.00019 200
0.76138 0.030
0.76115 0.00020 140
2 R~5 0.71411 0.00008 240
0.71388 0.032
0.71364 - 0.00015 200
2 R-52 0.72733 0.00016 60
0.72316 0.004
0.72739 0.00013 130
2 R-70 0.72327 0.00011 200
0.7231¢6 0.015
0.72305 . 0.00008 130
3 CR 0.70855 0.00007 130
0.70863 0.011
0.70870 0.00009 80
1l - L. Heaman 2 - G. Beakhouse 3 - C. Rapela
8

* All ratios normalized to 6Sr/aBSr = 0.1194

% Error calculated from [{(( x, - x2)/2)/ X} x 100

1
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* 0.02% and: this value was used as a blanket error for all

whole rock Sr isotopic ratios.

2.8 Isochron Errors

A comprehensive review of the available two-

error regression models}for isochron error calculations is
presented by Brooks et al. (1972).—It is important to apply
a rigorous statistical treatment to a linear data array on
a *7sr/®%sr versus ®*’Rb/*®Sr diagram to determine if this
array represents the time of some geological event. In the
following discussions, the term isochron will refer to a
regression line in which the data scatter is not in excess

of experimental error. A regression line with data scatter

in excess of experimental error is defined as an errorchron

(Brooks et al.,1972). The theoretical cutoff between ana-
lytical and geological error is obtained from ;n F-distri-
bution table which combines the number of samples regressed
and the number of duplicates used in determining the
experimental error. The suggested cutoff level of 2.5 or
less (Brooks et al.,1972) was not practical in this stuay
since &nly eight samples were analysed in QUplicate.

A compilation of the two-error regression parameters
appropriate for this study are presented in Table 2.8 along
with the statistical indices characteristic of each re-
gression model (ie. MSWD, MSUM, Ix?). A detailed descrip-

tion of each model and an explanation of the statistical
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E'S

indices mentioned ;bove have been pubiished by McIntyre et
al. (1966), York (1966; 1967; 1969), and Wendt (1969). All
the calculated indices for the lithologic units of the Loon
Lake pluton (except the graﬂodiorite gneiss) are consider-
ably lower than the corresponding theoretical cutoff

levels (Table 2.8). Therefore, the data from these units
define isochrons sensu stricto regardless of the regression
model chosen.

The McIntyre I model assumes a constant absolute
error in Y ie. a decreasing percentage error with incrEEsing
87s5r/%%sr values. This trend is contrary to the observed
trend:  for a large number of duplicates covering a rénge of
87%;/968r ratios between 0.7 and 2.0 (Brooks et al.,1972),
hence, the McIntyre I model should be used only if there is
a restricted range in the strontium isotopic data (ie. 0.7
to 1.0). Although most Rb-Sr whole rock studies do have a
limited range in strontium isotopic composition, all
regression lines which result in isochrons (Table 2.8),
for consistency, are reported from calculations using the
York II model. However, both the York II and Wendt II models
yiela similar results. ’

Many studies have used the calculated index MSWD
(mean square of the weighted deviates) to distinguish

N\ between isochrons and errorchrons (eg. Roddick and Compston,
1977; Verpaelst et al.,1980; Brooks,1980) without reporting

the calculated indices from the other regression models.
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In this study, the calculated indices from the York II

and Wendt II models are comparable (Table 2.8) but are
consistently lower than t%e MSWD from the McIntyre I model.
~ This discrepancy complicates the detection of geological
error in the Apsley gneiss, Tallan Lake sill, and grano-
diorite gneiss data because not all the indices indicate
geological error.

However, geological error is suspected if the
calculated index MSWD is greater than the theoretical index
obtained from the F-variate table (see Brooks et al.,1972).
Once an errorchron has been identified then three geological
error models are calculated based on the distribution of
error in excess of experimental error. The McIntyre II
model assumes the excess error is distributed proportional
to the ®*’Rb/%%Sr ratio while the McIntyre III model assumes
the excess error is independant of this ratio. The third
geological error model (McIntyre IV) is a mixture of
McIntyre II and III type distribution and is preferred in
this study because it assigns the excess error to both the
87sr/%%sr and ®*’Rb/®%Sr ratios. Unfortunately, the REGROSS
program only advances to the McIntyre IV model if the other
two models are not applicable (see Potassic Apsley gneiss,
Taﬂle 2.9). For normal-whole rock analyses, there is no
way of determining whether the geologic error should be
attributed primarily to the ®7Sr/®®sr or ®’Rb/®®Sr ratio

so the choice of McIntyre II or III is somewhat arbitrary.
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Therefore, the geological error model which yields the
lowest isochron errors (Table 2.9) is reported in chapter

3 but this data should not be considered reliable.
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CHAPTER III

SR AND O ISOTOPIC RESULTS
FROM CHANDOS TOWNSHIP

3.1 Introduction

The rocks from Chandos Twp. and vicinity selected
for isotopic analyses include samples from the Apsley
biotite gneiss, Tallan Lake sill, and Loon Lake pluton.
Specific sample locations are indicated on Map l. A brief
description of the common lithologies in Chandos Twp. is

presented below.

3.1.1 Country Rocks

The two most abundant lithologies in Chandos Twp.
afe the Apsley gneiss, with good exposures near the village
of Apsley, and the Dungannon marble which is exposed north
of Chandos Lake (Fig. 3.1). Previous studies on the geology
and geochemistry of the Apsley gneiss (Simony,l9éo; Shaw,
1972) indicated that the most abundant member, a quartz-
oligoclase-microciine—bibtite rock, could be subdivided
into a potassic and a sodic suite. Samples from both units
are'massive and remarkably fresh in thin section. The
former can be distinguished by the presence of anhedral
microcline poikiloblasts (0.5 to 2.0 mm.) and a K20:Na20

ratio greater than 0.5 (Simony,1960). Otherwise, both
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suites have a fine grained granoblastic texture with poly-
gonal quartz and feldspar intergrown with biotite laths.
The biotite laths define a weak foliation parallel to the
layering.

The sodic and potassic suites are intercalated
with thin (0.5 to 3.0 cm.) biotite rich layers which
consist of coarse biotite porphyroblasts (ca. 90%) and
microcline poikiloblasts with subordinate garnet and
opagues.

It is difficult to determine whether the banding
in the Apsley gneiss represents original sedimentary
layering or a transposed layering. Simony (1960) inter-
preted the variation in grain size in one outcrop to
represent graded bedding but, in general, sedimentary
structures are rare in the Apsley gneiss. In an attempt to
distinguish high grade gneisses of sedimentary origin from
an igneous precursor, Shaw (1972) used a geochemical
discriminant function (DF) to estimate that 60% of the
Apsley gneiss was compositionally akin to silicic volcanics
(ie. positive DF values). g

The Dungannon marble is layered with alternating
bands of calcite (white) and calc-silicate minerals
(greenish-grey). This marble is commonly associated with

feather amphibolite horizons (Shaw,1962).
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3.1.2 Tallan Lake Sill

The Tallan Lake sill is exposed in the NW quadrant

of Chandos Twp. and occurs as an elongate narrow body

(12 km. x 0.3 km.) trending NE-SW and dipping 60° - 70° sE

(Fig. 3.1). A probable extenéion of this sill occurs in a
dome structu;e centered around Clydesdale Lake. In a3
detailed petrochemical study, Griep (1975) described the
sill as consisting of an upper 180 meters of weakly
foliated amphibolite (metagabbro ?) which is transitional
to a lower 80 meters of well foliated syenite.

' A typical sample of amphibolite from the upper
part- of the sill contains 55% hornblende, 39% plagioclase,
and minor émounts of quartz, biotite, sphene, and ilmenite
(sample 120 from Griep,1975). Below the upperramphibolite
zone, garnet and cummingtonite become important phases.

The éyenite samples contain plagioclase, quartz, alkali
feldspar, biotite, and hornblende (in order of decreasing
abundance) with subordinate zircon, allanite, and ilmenite.

Most of the samples do not show evidence of extreme
alteration, however, the feldspars are often slightly turbid
and are occasionally associated with epidote. Griep (1975)
reported that several samples contained micro-fractures
fiiled with calcite.

Although the Tallan Lake sill has been metamor-
phosed to amphibolite facies subsequent to its emplacement

the syenite end member has been interpreted as a direct



differentiate from a gabbroic parental magma (Griep,1975).
This suggests that the sill has been tectonically inverted

and may form part of a large scale nappe structure.

3.1.3 Loon Lake Pluton

The felsic igneous rocks exposed on the shores of
Chandos (Loon) Lake were initiélly described by Adams and
Barlow (1910) during a reconnaissance mapping project for
the Geological Survey of Canada. Subsequently, several
noteworthy contributions on the structure (Cloos,1934;
Saha,1957; 1959), petrography (Saha,1957; 1959; Shaw,1962;
Chiang,1965; Dostal,1973), and geochemistry (Shaw and Kudo,
1965; McCammon,1968; Dostal,1973; 1975; Shieh et al.,1976)
have been reported.'The‘salient features of this pluton
are summarized below.

At the present erosional level, the Loon Lake
pluton has an ovoidal outline (8 km. x 5 km.) with a
monzonite core transitional to a guartz monzonite rim (Fig.
3.1). This plutoﬁ intrudes the structurally complex
sequence of quartzo-feldspathic gneiss, marble, and amphib-
olite of the Grenville Supergroup.

Thé'average modai composition of the monzonite is
45% K feldspér, 42% plagioclase, 6% bi&tite, 3% hornblende,
2% quartz, 1% opaqgues, and minor amounts of sphene, apatite,
epidote, calcite, and ggricite (Dostal,1973) . The quartz

content of the monzonite increases to a maximum of 12% near
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the margin of the core. There ds a sharp increase in the
modal quartz content of the quartz monzonites and biotite

is the major mafic mineral (ie. 34% plagioclase, 34% K-
feldspar, 25% gquartz, 5% biotite, 1% opaques, and similar
accessory minerals). Samples from both the monzonite and
guartz monzonite suite show a weak but pervasive sericitiza-
tion of plagioclase and a few samples contain slightly
chloritized biotite.’

In most exposures, the monzonite is massive to
slightly foliated (Saha,1959) and contrasts with the sstrong
"flow" foliation of the guartz monzonite. This "flow"
foliation is oriented parallel to the intrusion - wall rock
contact and in some areas, clearly intersects the Sl
foliation of the Apsley gneiss. The intrusion - wall rock
contact is generally abrupt, varying from a brecciated SW
margin to the juxtaposition of monzonite and pyroxene
hornfels facies rocks to the south (Chiang,l9655 but locally
the contact is migmafitic. X

A summary of the trace and major element geochemistry
6f this pluton was pfesented by Dostal (1973). The smooth
’ tfends on many major and trace element variation diagrams
suggest a co-magmatic origin for the monzonite and quartz
monzonite suite. Thesé trends allude to the importance of
fractiépal crystallization dominated by feldspar separation

in the evolution of the parent magma. .

Other major rock types within the pluton include a
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band of granodiorite gneiss pius several isolated bodies of
ﬁiorite - syenodiorite (Fig. 3.1). The former occasionally
eﬁhibits a banded to migmatitic structure but generally is
weakly foliated with abundant mafic inclqsions. In thin
section, the granodiorite gneiss shows a pervasive
sericitization of the feldspars and is enriched in plagio-
clase and mafics (biotite and hornblende) compared to the
quartz monzonite suite (Dostal,1973).

Compositionally, the mafic bodies vary from diorite
in the core to syeno-diorite near their margins (Dostal,
1973) . saha (1957) concluded that these mafic bodies
represent inclusions or roof pendants, a contention which
cannot be eliminated with the geochemical data of Dostal

(1973).

3.1.4 Dikes

Small dikes and veins are ubiguitous in Chandos Twp.
and cross-cut most of the major lithologies. Pegmatite and
aplite dikes are especially common around the Loon Lake
ﬁluton and many have a modal composition similar to the
guartz monzonite suite. A description of their mineraiogy,
texture, and mode of occurrence has been reported by Shaw

(1962).

3.2 Sr Isotopic Composition of the Apslev Biotite Gneiss

‘Preliminary Sr isotopic data for the Apsley biotite
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gneiss indicated that the sodic and potassic suites

(Simony,1960) do not exhibit similér Sr isotopic system-
atics. To understand the strontium isotopic composition
of the Apsley gneiss it was necessary to treat the data

from each unit separately.

i\

&

3.2.1 "Sodic" Apsley Gneiss

Samples representative of the sodic suite were
collected from thick massive bands of the Apsley gneiss.
The strontium isoto;IE\results for six samples from this
unit are presented in ble 3.1 and plotted on Fig. 3.2.
The data scatter in Fig.\3.2 exceedé that expected from
analytical error (see Table 2.8) and indicates a model II
errorchron age of 1444 * 172 Ma. with an initial strontium
ratio (R;) of 0.7016 * 36. It is difficult to determine
whether this age has any geological significance but since

this low Ri falls below the range of values accepted for

the mantrglat this time,. the 1444 Ma. age should be suspect.

e

If the data poiﬁE’AG is omitted from the regression

analysys then the remaining five samples define a Rb-Sr
. whole : iséchro age of 1402‘i 57 Ma. With an R; of
0.7022 + 12. This-Ri lies very close to the mantle growth

line (Fig. 4.2) so e 1402 Ma. age is probably a better

estimate for the time of volcanism for the protolith of

the Apsley gneiss.\Closer inspection of AG 7 indicates a

"thin mafic band alony one surface which may be responsible
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Table 3.1 Rb-Sr data for the Apsley Gneiss

-

e Rbl Srl Rb/Sr 87Rb/86Sr6 87Sr/86Sr2 d(x10—4)3
"Spdic" Bards
) - 50.3 78.5 0.640 1.860 0.73935 0.8860
AG2 11.2 35.1 0.318 0.921 0.72091 1.2878
AG3 . 39.3 67.7 0.581 1.687 0.73636 1.3440
AGS 33.9 49.2 0.689 2.003 0.74299 1.2762
AG7 30.9 47.8 0.647 1.880 0.74261 0.6313
AG;}_A 46.1 g2.5 0.499 1.447 0.73036 1.5809
"Potassic" Bands
AG6H 82.9 72.3 1.147 3.339 0.76289 1.4310
AGS8 90.4 48.5 1.862 5.435 0.79078 1.5452
AG9 58.2 58.4 0.997 2.899 0.75498 1.2849
AGlO 66.1 67.2 0.983 2.859 0.75378 1.2822
AGl2 51.9 38.4 1.352 3.936 0.76735 1.1299
SlabsS . )
AGS8B 182 25.4 7.146 21.216 0.96709 2.3846
AGS8C 40.6 29.7 1.364 3.962 0.77069 1.2684
AGl2A 33.1 33.2 0.9291 2.876 0.73150
'AG12B 26.4 31.1 0.848 2.464 0.74907
AGl2C 24.8 39.6 0.627 1.818 0.73615
AG12D 137 44.4 3.077 9.012 0.81099 -
. 5
Mineral Separates
AGl (feldspar) 9.6 106 0.090 0.262 0.71513
AGl2C(feldspan 3.5 56.6 0.057 0.164 0.71285
AGl2D(feldspar) 26.5 116 0.229 0.664 0.73162 2.2226 )
AG12D (biotite) 232 2.5 94.187 352,984 3.71884 2.9915

Rb and Sr conceﬁﬁrationé reported at the ppm level

87Sr/aGSr ratios normalized to 86Sr/885r = 0.1194

l¢ erxror in 87?#/863r ratio
s (1073 R

Rb and Sr‘conééntrationé determined by isctope dilution
87

oY B S PURY * S

Rb/SSSr calculated .from the expression:

87rp [ap27 x at.wt.Sr]  [re
86__ gl 1
sr/atomic |Ab% x At.wt.Rb Sr |wt

Sr
=[2.69454 + (0.28319 x °'sr/%%sr)] x (Rb/sT)
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FIGURE 3.2 RB=SR ISOCHRON FOR SODIC APSLEY GNEISS SAMPLES
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for the apparent discordance of this sample in Fig. 3.2.

- ‘The age of the Apsley gneiss is considerably older

than the 1298 Ma. U/Pb zircon age for the nearby Tudor vol-
caniesm(gilver and Lumbers,1965). From a regionai strati-
graphic ‘correlation, Lumbers (1967) suggested that the
volecapic members of the Tudor formation are older than the
Apsley gneiss which is contrary.to the above geochronologic

data. Since stratigraphic correlation is difficult in this

a part of the Grenville (see Section 1.2), the older age for

the Apsley gneiss suggests the possibility of structural

inversion.

3.2.2 T"potassic" Apsley Gneiss

Five samples of potassic Apsley gﬁeiss were
selected ot gtrontium isotoéic analysis (Table 3.1). All
these samples fall below the reference 1sochron for the
sodic Apsley gneiss (Flg. 3. 3) and do not form a co-
llnear‘array. RegreSSLOn of these samples indicates a model

III errorchron age of 979 * 131 Ma. (R£ = 017143 £ _70)

which iﬁpl;es that some of the potassic bands have not

" remained closed to’Sr and Rb migration during.metamorphism.

l The complex’ 1s0top1c characterlstlcs of high grade

QRElSSES has been addressed by many authors (e.g. Krogh and

Davxs,1969, 1973; Grauert and Hall,1973; Steiger et al.,

1976; Jacobsen and'Heier,1978: Gray and Compston,1978;

Montgomery and Hurley,1978; Brooks,1980; Aftalion and



‘Figure 3.3

45a

Strontium isotope data For five samples
of potassic Apsley gneiss. These samples
define an grrérchron age of 979 * 131 Ma
(R, = 0.7143 & 70). All of the potassic
Aps;ey gneiss samples plqt below the
refgrence isochron defined by the sodic

Apsley gniess.

5
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Van Breeman,1980). Most of ‘these studies employed the slab
approach of Krogh and Davis (1969) to discriminate between
bands which have remained closed to Sr and Rb migration
(on the scale of cm.) from bands which show open system
behaviour. As pointed out by Hofmann (1977), the scale of
isotopic equilibration is quite variable (cm. to meters)
and the slab approach offers a compromise which often
reveals the maximum isotopic information about the evolution
of a complex system.

Two of the samples analysed from the potassic suite
(AG 8 and AG 12) have thiﬁ/QO.S to 2.0 cm.) mafic bands
(Fig. 3.4) and  'have the highest Rb/Sr ratios on Fig. 3.3.
The other samples have domains enriched in biotite but do
not have discrete mafic bands. To determine the scale of
strontium isotopic equilibration in the potassic suite, the
two banded samples were cut into slabs (Fig. 3.4) similar
to the approach of Krogh and Davis (1969). Strontium
isotopic results for individual slab sections (Table 3.1;
Fig. 3.5) indicate that the mafic bands pius one felsioc
band with a mafic rich domain (AG 12A) display a greater
degree of discordance from the reference isochron thén the
felsic bands. The two felsic bands from saméle AG 12 (B and
C) define a trend which<;s below and at a slight angle to
the reference isochron. This trend could be interpreted to .

represent a relatively undisturbed system with a slightly

lower initial strontium ratio than the sodic suite. Hence,
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FIGURE 3.4  APSLEY GNEISS SLAB SECTIONS
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Figure 3.5

48a

Strontium isotope results for Krogh-type
slab sections from the potassic Apsley
gneiss. The two felsic bands from AGl2
plot close to the reference isochron and
represent relatively undisturbed isotopic
systems. The mafic bands (AG12D and AGSB)
show the largest degree of discordance and

are responsible for pulling the total rock

samples below the reference isochron.
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FIGURE 3.5 SR ISOTOPE RESULTS FOR SLAB
SECTIONS FROM APSLEY GNEISS
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equilibration of strontium isotopes in the felsic bands méy
have been restricted to distanceé less than 0.5 cm;
However, this interpretation is based only on the results
from two felsic bands and more data is necessary to rein-
force this hypothesis.

| An important corollary from the slab study is that
the mafic bands (AG 12D and AG 8B) and the mafic domain in
AG 12A probably experienced some degree of isotopic re-
equilibration during Grenville metamorphism; It is impos-
sible to confirm that the errorchron age from the potassic
suite (979 Ma.) represents the approximate time of re-
equilibration of the mafic bands but thi;/suggestion is

inviting.

3.2.3 Mineral Isochrons

Suppoft for the age and extent of final (cheﬁical
and isotopic) equilibration of individual bands might be
obtained from a mineral isochron study. As demonstrated
in other studies (Krogh and Davis,l973; Grauer£ and Hall,
1973), mineral - whole rock pairs from indiﬁidual bands
often ind;cate younger ages reflecting the exchange Sf
strontium between midérals during a metamorphic event.

Quartz-feldspar mineral separates from felsic
and mafic bands of the Apsley gneiss plus one biotite
sepa;ate (ffom AG 12D)\were obtained using standard mag-

L

netic and hand picking Eechniques. Only small guantities
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of pure mineral separate were collected (50 to 250 mg.) so
the Rb and Sr concentrations were determiﬁed by isotope
dilution (see section 2.5).

The isotopic data for a corresponding feldspar-
whole rock paif (Table 3.1; Fig. 3.6) from a sample of, -
sodic ‘Apsley gneiss (AG 1) indicates an age of 1062 Ma.
This age could represént mineral re-equilibration during
a thermal event (such as emplacement of the Loon Lake
pluton at 1065 Ma.) or the time when the sodic Apsley gneiss
passed through the blocking temperature for Rb and Sr. The
latter process is preferred considering the distance
between the Loon Lake pluton and the outcrop where AG l'wié
collected (ca. 7 km). Regardless of the prevailing
mechanism, this data seems to indicat& that strontium re-
equilibration or at least partial re—eqﬁilibratién may have
occurred on a mineral scale within the sodic Apsley gneiss
bands.

Strontium isotopic ratios for mineral-whole rock
pairs from a mafic and felsic band of potassic Apsley
gneiss are shown on Fig. 3.7. Both bands indicate feldspar-
whole rock ages younger than the mineral' isochron age for
the ‘sodic Apsley gneiss (1062 Ma.) an& the errorchron age
for the complete potassic éuite‘(979 Ma.). The datum for a
biotite. separate from AG 12D (see inset on Fig. 3.7) was
not included in the calculation of the feldspar-whole rock

. age (666 Ma.). Although thefe is a large error associated



Figure 3.6
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Strontium isotopic results for a feldspar-

whole rock pair from the sodic Apsley gneiss.

O ~ whole rock

A - quartz-feldspar separate
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Figure 3.7 Strontium isotopic results for mineral-
whole rock pairs from the potassic Apsley

gneiss (sample AGl2).

0 - felsic band

® -~ mafic band
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with the Rb/Sr ratio of the biotite data and the strontium
isotopic ratio has'not been corrected for common Sr, it is
interesting that similar igotopic diseordancies have been
reported for biotites separated from the Pointe au Baril
paragneiss (Krogh and Davis,1970). These discordancies
possibly reflect the lower blocking temperature for biotite
but could also indicate the necessity for blank corrections
on samples with high strontium ratios. These authors also
obtained a range of ages from plagioclase-whole rock pairs
. between 800 and 900 Ma. for the French River paragneiss
(Krogh and Davis,1970). The range of ages from feldspar-
whole rock pairs in this étudy (666 to 1062 Ma.) indicates
that a 900 Ma. thermal event, és proposed by Krogh and
Davis (1970), is not well defined by the Rb/Sr systematics
in the Apsley area.

One explanation for the decrease in félds§ar~
whole rock ages hinges on a variation in the prevalent
diffusion mechanism operating within each band. For ‘
instance, ‘1f the diffusion mechanism is‘very sluggish (ie.
volume diffusion) then a dgcrease in Eﬁé?g@bient temperature
conditions will severely reduce the~ﬁfg}ation of cations.
Alternatively, if grain boundary diffusion, in the ;rasence
of a fluid phase, ensues tﬁeﬁ a reductian in the ambient
temperature conditions has only a Qecondfprder effect on
cation diffusivity. To reconcile the feldspar-whole rock

data with a variation in the diffusion mechanism, it is
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necessary to infer a sluggish diffusion procesé for the
felsic bands and fluid transport in. the mafic bands.
Similar results could be obtainéd if the degree
of isotopic re-equilibration was controlled by the bulk
chemical composition of a band. This mechanism requires
the minerals 'in thé mafic bands to completely homogenize
isotopicaliy while the minerals in the felsic bands
experience vArying degrees of partial re-equilibration.
There is no simple explanation for the feldspar-
whole rock data and since they age qalculated using only
two data points no geologic significance should be attached
to them. ﬁbwever, it is interesting to compare the results
on felsic slabs from the French River ﬁaragneiss to the
north (1035 Ma.; Krogh and Davis,1973) and the results for
the two felsic bands reported here (1062 and 924 Ma.).
Additional detailed study of the felsic bands from the
Apsley gneiss might cgnfirm a Qidespread ﬁetamorphic event

ca. 1000 Ma. for this part of the Grenville. .

e
{ “” ~
> N

3.3 Rb-Sr Whole Rock Study of the Tallan Lake Sill

The RB-Sr data for amphibélite and syenite samples
from the Tallan Lake sill are presented in Table 3.2. Most
of éhe samples were 'collected around Clydesdale Lake (Map 1)
but one ampﬁgbolite sample (TL 6) was collected from the
main NE-SW #reﬁéiné portion of the sill.

Sevén'of the eight samples analysed indicate an

»
/
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Table 3.2 Rb-Sr data for the Tallan Lake Sill

RB' Sr Rb/Sr 87Rb/sssr 87Sr/sssr1 d(x10_4)
Metagabbro
TL1 11.1 274 0.040 0.117 0.70552 1.4790
TL6 18.9 - 241 0.078 0.227 0.70707 1.4739
Syenite Gneiss .
TL2 16.9 143 0.119 0.344 0.70836 1.7550
TL1Y 29.5 127 0.232 0.673 0.71548 1.2976
TL15 35.6 83.4 0.427 1.237 0.72492 1.3481
TL8 43.8 78.1 0.560 1.626 ~0.73176 2.3620
TL16 45.1 74.1 0.609 1.768 0.73395 0.7911
TL12 141 150 0.938 2.725 0.74668 0.8839

1 87Sr/868r ratios normalized to‘SGSr/BSSr = 0.1192/
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»
Figure 3.8 Strontium isotopic results for the Tallan

Lake sill. Seven 6f the samples define an
errorchron ége of 1225 & 50 Ma. One sample
(TL12) was not included in the regression
treétmént because it contains a fracture

A\

with secondary calcite and epidote.
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FIGURE 3.8 RB-SR ISOCHRON FOR THE TALLAN LAKE SitL
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errorchron age of 1225 * 50 Ma. (Fig. 3.8) with an R, of
0.7031 (McIntyre III geological error model). This age

is similar to the results from the other regression models
(Table 2.9) and considering the co-linearity of the data
(Fig. 3.8) is interpreted as the approximate time of
intrusion of this sill. One sample (TL 12) falls below this
regression line and was not included in the regression
treatment. Detailed examination of this sample revealed a
micro-fracture, which may have provided a passage for fluids
containing Rb and/or Sr. The late addition of strontium is
attested by a 2 cm. wide saussuritized zone and the concen-
tration of calcite near the fracture.

To test whether the amphibolite and syenite units
are consapguineous, the latter unit was regressed separately
(fable 2/79). The five syenite samples indicate an errorchron
age of %239 + 79 Ma. 8?5/;\674029 + 13) which overlaps with
the combined data for both units. Although the Rb-Sr data
is compatible with the contention of Griep (1975) that these
two units are cogenetic, a more detailed study may reduce
the regression errors sufficien£ly to allow a critical

evaluation of this relationship.

3.4 Sr and O Isotopic Composition of the Loon Lake Pluton

[

3.4.1 Rb-Sr Whole Rock Study

Following a comprehensive study of the petrography

/
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¢

and geochemistry of the Loon Lake pluton, Dostal (1973)
suggested two possible origins for the monzonite core:
(a) crystallization from a monzonitic magma,
generated by partial melting of the lower

crust or upper mantle

(b) fractional crystallization of a basic magma
derived from the mantle

In either case, the quartz monzonite rim was considered to
form in part by fractional crystallization of a monzonitic
magma and by mixing with an anatectic melt from the Apsley
gneiss. ‘

In order to evaluate this hypothesis, separate Rb-
Sr whole rock isochrons were determined for the monzonite
core (samples with less than 10% quartz) and thé‘quartz
monzonite rim. Theé results from this study are listed in [

Table 3.3 and plotted on separate isochron diagrams (Fig.

3.9). Considering the overlap in the initial strontium

ratios and ages, the Rb/Sr data for each unit is interpreted

as defining the same event. Therefore, this data was combined

to produce one isqchron (Fig. 3.10) which indicates an age

of 1065 * 13 Ma. for the Loon Lake pluton Ry = 0.7034) and

is interpreted as the time .of intrusion (Heaman et al.,1980a,b).
Additional sample; from the diorite~syeno-diorite:

suite were also analysed (Table 3.3) but the small variation

"in the Rb/Sr ratio precludes the construction of a separate

isochron. This data is shown in Fig. 3.10 (inset) with the

reference isochron for tHe Loon Lake pluton. Combining
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Figure 3.10

6la

Rb-Sr whole rock composite isochron for
thé Loon Lake pluton. Included in the inset
are the results for five diorite samples
from isolated bodies within the pluton. The
éddition of these samples in the regréssion

analyvsis does not significantly alter the

‘age (t=1059 Ma) or initial strontium~£atio

(0.7036) .

(symbols the same as in Figure 3.9)
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FIGURE 3.10 LOON LAKE COMPOSITE ISOCHRON

LOON LAKE
PLUTON

0.790L
t=1065 £ 13 Ma
i . )
Ri= 0.7034 : 4
0.770
0.750
{0.706
0.730
40.705
DIORITE
40.704
0.710
0.04 0.08 0.12 0.16
1 1 ‘J | ]
2 4 .6



62

this data with the Loon Lake composite does not signifi-
cantly alter the age or initial ratio of the pluton (ie.
t = 1059 Ma.; R, = 0.7036). The relationship of this unit
to the pluton (ie. roof pendant versus cogenetic end
member) cannot be resolved by the Rb-Sr method.

Strontium ratios for four granod;orite gneiss
samples are shown in Fig. 3.1l together with reference
isochrons for the Apsley gneiss and the Loon Lake pluton.
A regression treatment of this data (Table 2.8 and 2.9)
indicates a McIntyre II errorchron age of 1286 * 168 Ma.
(Ri = 0.7036 = 14). Since this regression is based on four
samples, the data should not be interpreted as having any
geological significance. A more detailed investigation of
this unit may elucidate its origin (ie. mixture of Apsley
gneiss and monzonite magma or an inclusion of "old" country

rock) .

3.4.2 Oxygen Isotope Dgta

Oxygen isptope analyses on the same whole rock
samples used in the Sr isotope study were determined by
Yuch-Ning Shieh at Purdue University (W.Lafayette, Indiana).
These results are iisted in Table 3.3 and gupplement the
published oxygen isotope data for minerai separates and
whole rock samples from the pluton (Shieh et al.,l976).

The range of G‘BOQr values for the quartz monzonite

and monzonite suite (8.8 to 12.0 °/,0) is significantly
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Figure 3.11 Strontium isotopic fésulté'fo: granodiorite
gneiss samples from a discrete unit within
the Loon Lake pluton. These samples indicate

an errorchron age of 1286 * 168 Ma (R;=0.7036) .
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FIGURE 3.1t SR ISOTOPE RESULTS FOR THE GRANODIORITE GNEISS
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greater than values reported for the low 620 end of e
normal granitoids (6.0 to 8.0 °/,4) and falls partially
within the group of high 6!'%0 granitoids (Taylor,1978).
This range also overlaps with other low to intermediate
§1%0 plutons in this region (Shieh,1980). Although the
average 5‘90wr value for the quartz monzonites (11.0 °/g4)
is higher than the average for the monzonites (9.5 °/,,),
the ;énge for each unit overlaps'(Fig. 3.12).

Also included in Fig. 3.12 are the range of slaowf

values for the granodioite gneiss unit and published data
for the Apsley gneiss (Shieh et al.,1976). The.range for
the granodiorite gneiss unit includes the four samples
listed 'in Table 3.3 and one‘sample (#88) from Shieh et al.
(1976) which was incorrectly included in the quartz
monzonité group., The average 6‘°0wr value for the grano-
diorite gneiss (10.2 °/q¢3 is not considered representative
‘of the entirg unit becaﬁsgAthe four samples analysed in this
study were collected only from the leucocratic bands. Further
investigations are nec¢essary to underétand the oxygen
isotope systematics of this unit.

"The monzonité - guartz monzonite data is discussed

in chapter 1IV.
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CHAPTER IV

DISCUSSION

4.1 Introduction

In addition to the age determinations reported in
‘the previous chapter, the strontium isotopic data can be
used as a useful tracer to monitor major crustal processes.
The first part of,the_diséussion outlin?s the possible
mechanisms for generating magmas with low initial strontium
ratios. Subséquently, two major enigmas will be addressed
‘concerning the origin and pﬁase relationships of the Loon
Lake pluton, attempting to synthesize data from.seyeral

disciplines.

4.2 Low Initial Strontium Ratios (R,)

Models for the evolution of coﬁtinental crust have
been:extensively debated over the past two decades and
cpnsiderable emphasis has been placed on the isotopic
systems of Sr and, more recently, Nd (Hurley et al.,1962;
Moorbath,1975a,b; 1977; 1978; DePaolo,1980). Apart from the
controeversies concerning the isotopic.evolution of the '
Archean crust (Moorbath,1977; Fryer et al.,1979), the
Proterozoic crust preserées'significant variations in the

initial Sr and Nd ratiog and §'°0 data. It is impossible to

L .
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define stringent isotopic boundaries which distinguish
magmas derived from sialic or subsialic precursors but a
relatively high Ri (ie. > 0.706) and §*%0 (ie: > 10 %/4,) -
values almost certainly reflect a high sialic component.
Since all the units studied in Chandos Twp. have a low Ry
(see Fig. 4.2), four possible mechanisms for generating
magmas with a-low R, will be evaluated:
(a) Partial melting in the mantle
(b} Fusion of sialic material with low, mantle-
like, Rb/Sr ratios (e.g. granulite or mafic
eclogite) ’
(c) Partial meltihg of continental crust which
experienced a short crustal residence
history (Peterman et al.,1967)

(d) Disequilibrium®* partial melting of the
"' lower crust

4.2.1 Partial Melting in the ‘Mantle

Frequently, igneous rocks with a low~Ri are
.assumed to be derived directly from the mantle with little
“or no interaction witﬁ continental crust. A low Ri should
be anticipated if the source has a low, mantle-like, Rb/Sr
ratio (ie. 0.02 to 0.04) but such an interpretation should
be supported with data from other iéotopic systems, geo-
chemistry, and ﬁetrography. A good example of the potential
' danger of this approach is offered by the low R, (0.7034)
obtained for the Lpon Lake pluton in this study. Although'
;‘this low Ri alone would support a mantle derivation, the

corresponding high 6'°0 values indicate a,more complicated

* refers to isotopic disequilibrium
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history. It is examples like this which suggest other
mechanisms must also be capable of generating magmas with
a low Ri’

-

4.2.2 Partial Melting of Low Rb/Sr Crustal Rocks

Crustal lithologies with low Rb/Sr ratios (e.g.
granulite, eclogite, and anorthosite) are confined to the
lower crust but exposed in Precambrian terrains where 30
to 40 kilometers of rock has been éroded away. In an
attempt to characterize the strontium and oxygen isotopic
composition of the lower crust, James (1980) analysed the
isotopic composition of lower crustal xenoliths from
Kilbourne Ho}é, Néw Mexico. His results indicated a wide
variation 'in e isotopic composifion of thesé xenoliths
{e.g. mafic granulite - §*%0 = 6.2 to 6.3 /40 . R, =
0.703 to 0.707; garnet granulite - 6'%0 = 9.0 to 12.0 /44,
R, = 0.71 to 0.78) and is one of the first studies to show
that the lower crust has .discrete isotopic domains. It is
therefore possible to generaéé partial melts from these
low R; domains which would also have a low R;.

A full spectrum of'isotopic values may exist in

the lower crust so it is vital to combine information from

other fields with isotopic data to converge on fthe most

-
~

S%obable source material (s).
R

-~

T
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4.2.3 Short Crustal Residence Histories

Partial melting of average continental crust
(Rb/Sr = 0.25) produces magmas with a high Ry (ie. > 0.706)
because of the relatively‘rapid generation of radiogenic
strontium (Moorbath,lB?Sa)X However, Peteérman et al. (1967)
proposed a model whereby fusion of a relatively young
eugeosynclinal sequence could generate magmas with a low
R, . This model requires the time lapse between formation
and fusion of a ﬁrotolith (ie. residence time) to be less
than a few hundféd Ma. Alternatively, if the sequence
contains a large proportion of mantle derived volcanics
with low Rb/Sr ratios then gnatexis of £his sequence\pould
also generate partial melts with a low R, .

A\l

4.2.4 Disequilibrium Partial Melting

In the context of this discussion, disequilibrium

reférs to h%gh grade metamorphic conditions where isotopic

" homogenization between individual minera%E\ZE§rnot achieved.
Equil?brium partial melting is often assumed during ”
anatexis But rarely justified..Detailed studies on high
grade metamorphic rocks indicates that Sr isotopic equi-
librium may be limited to distances less than one centimeter
(Krogh and'Davis,19?3). Evidence from oiygen isotopes
testifies to the isotopic disequilibrium between new

phases thch formed at some specific high grade isograd.

and the main reécting phases (Hoernes and Hoffé},l979).
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Other indirect evidence for isotopic disequilibrium comes
from ultramafic nodules derived from the mantle. Although
the role of contamination is uncertain, studies such as
that of Steuber and Ikramuddin (1974) indicate that the
constituent mineral phases of these nodules are not in
isotopic equilibrium.

It therefore seems appropriate that disequilibrium
partial melting should bg evaluated as a potential mechanism
for maintainihg a low Ri during crustal anatexis. The
following hypotheticél example was selected to qual-
itatively evaluate the effect of diéequilibrium partial:
melting of a high grade gnéiss on the Ri of the resulting
magma.

The strontium isotopic composition of partial melts
derived from non-modal disequilibrium melting of a four
phase system, similar to the "typical" quartz—plagigclase-
K feldspar-biotite paragneiss described by Winkler (1976),
is illustrated in Figure 4.1. In constructing this diagram,
it was assumed that quartz -contributed no strontium to the
' melt and the strontium isogopic composition of plagioclase,
K feldspar, and biétite at the time of melting was 0.702;
0.725, and 0.770 respectively. To examine the effect of
varying the strontium contribution from each phase it was
necessafy to maintain a constant contribution from one
mineral. In this example, the K feldspar contribution (K)

&

was assumed constant and three curves were constructed for‘

Y
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K_valueg of 1, 5, and 10 respectively (Fig. 4.1).

The proportionality index (PI) is a ratio indi-
cating the proportion of strontium contributed to the melt
by plagioclase and biotite (see Table 4.1). The pro-
portion of strontium contributed by plagioclase, for
instance, is related to e strontium concentration in
plagioclase‘and the distribution coefficient for Sr between
plagioclase and ﬁelt. High PI values indicate a substantial

contribution from plagioclase whereas lower PI values -

represent an increasing contributién from biotite.
| One major constrain%f;mposed by this example ik
that biotite and K feldspar must individually contribute
less thaﬁ 5% of the total strontium in the melt/in order

to retain an R, lower than 0.706 (see Fig.l4.l). This

is not unreasonable as the structure of biotite and K -
feldspar do ndt accomodgﬁe significant concentrations of
strontlum and field studies lnymlgmatlte terrains indicate
that biotite, atﬁleast; is strongly enriched in the residual
‘paragenesis (Mehnert,1968; Dougan,l1979). Furthermore,
éxperimental studies confirm the importaqpe of guartz and
plagioclase dissociation during‘the early stages of anatexis

(Winkler,1976). Héwever, eforea model of this nature can

be advanced it is imperative to reconcile other trace and

major element constraints.

-Although this is only a hypothetical ﬁodel, it does ’

support the possibility of genérating hagmas with a low R. .



Figure 4.1

* .strontium to the melt.

}

&

Theoretical calculations for the effect

.of disequilibrium (non—mbdal) partial

melting on initial strontium ratios. A
theoretical.index (PI) is calculated

which relates to the proportion of stron-
tium contributed to the melt by plagioclase
and biotite. The fraction of strontium

contributed by K feldspar is kept constant

-and three models are calculated where

K feldspar contributes”1l, 5, and 10 % of
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FIGURE 4.1

THE EFFECT OF NON-

MODAL PARTIAL MELTING
ON R; VALUES
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by disequilibrium partial melting. A variation of this
model which could equally be as important is the contami-
nation of an ascending basaltic magma, which originated in
the mantle, with partial melts derived by disequilibrium
partial melting of continental crust.

It is not the intent of this discussion to suggest
ways to distinguish between each of these mechanisms but
to merely clarify a common misconception that a low Ry
indicates mantle derivation. With this background it is
now possible to discuss the significance of each R,

determined for the rocks from Chandos Twp.

4.3 1Initial Strontium Ratios From Chandos Twp.

The R, data for the sodic Apsley gneiss (0.7022),
Tallan Lake sill (0.7031), andlLoon Lake pluton (0.7034)
are indicated on the strontium evolution diagram (Fig. 4.2)
by crosses. The rectangle which surrounds each point
represents the associated error. Included on this diagram
is the mantle evolution line (®’Rb/%®Sr = 0.074) which is
defined at 4.6 Ga. by BABI (Basaltic Achondrite Best
Initial) and at present by the average isotopic ratio for
relativély unaltered oceanic basalt (0.704). There is some
controversy over the present day strontium isotopic comp-
osition of the mantle so a range of values (0.702 to 0.706)
are included in' Fig. 4.2 to illustrate the domain of

)>mantle evolution.



Figure 4.2

et ~715a

c
Cod

Strontium evolution diagram for units

from Chandos Township. The size of £he
rectangle represents the error associated
with each Ri and the dashed lines represent

the domain for mantle evolution,
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Preliminary examination of Figure 4.2 indicates
thét all the units analys;d fall within the domain for
mantle evolution. Considering the above discussion, there o
are several possible mechanisms, other than direct mantle
derivation, which could explain these low Ri values so
additional information muét be synthesized in order to
present a meaningful interpretation of this data. The
interpretation of the Loon Lake daté is deferred to a Iate£
section which is devoted to the origiﬁ of this pluton.

‘ The low R.i for the Tallan Lake sill is consistent

with the contentiom of Griep (1975) that this sill rep-

resents a product of differentiation of a basaltic magma 'ﬁ\{
' N\,

which originated in the mantle. Although heat flow calcu- ) >

.lations for a basaltic sill predict contamination by crustal "L

partial melts or circulating fluids (Patchett,lQéO), the
simi;arity of the Fe enrichment trend with other differ-
‘egxiated séquences (Grie§,1975) and the co—liﬁearity‘of
the strontium isotopic data (Fig. 3.8) implies that

significant crustal contamination was not involved in the

-+ evolution of this sill.

\

It is more difficult to interpret the Apsley gneisg
data. The simplest explanation for the‘low Ri is that the -’
sodic Apsley gneiss (positive DF valuesf represents a

.éequénce of.metaﬁorphosed silicic volcanics (see Shaw,1972)

which retained a mantle sigpature. However, Shieh:et al. ' g

(1976) -~ v .+ that the " ha
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8§70 values (8.3 to 13.4 °/,,) and is within the-range
for both hydrated silicic volcanics and sandstones. This
data exemplifies the difficulty in interpreting a low Ri:
especially from high grade metamorphic rocks. Even after
combining the available information it is still difficult
to distinguish between a mang}e derivation followed by
selective crustal contamination * hydration and partial
melting of a eugeosynclinal sequence which experienced a

short crustal residence history.

4.4 Monzonite - Quartz Monzonite Association

Numerous igneous plutons exhibit a compositional
zonation from relatively mafic‘margins %o more felsic cores
(Vance,1961; Karner,1968; Bateman and Chappell,1979; and
Halliday et al.,1980). The most appealing hypothesis for'
this zonation is the preferential crystallization of the
magma from the margins inward (Vance,1961) but oth%r models
such as assimilation of mafic country rock by a felsic magma
or multiple intrusion have also been advanced (Compton,l1955;
Saha,1959).

The zonal pattern in the Loon Lake pluton and other
monz?gitic plutons from the Grenville Province (Ermanovics,
19753 is anomalous in this regard because the more mafic end
member (monzonite) occurs iﬁ the core of the pluton. This

relationship is not amenable to a model which invokes early

preferential crystallization at the margins so the following
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alternative processes capable of enriching the margin in
silica are reviewed below:
(a) Silica Metasomatism (Shaw,1962; Fox and
Moore,1969)
(b) Mixing - Assimilation (Wynne-Edwards,1957;
Saha,1959; Ermanovics,1970)
(c) Separate Intrusions (Saha,1959; Dostal,1973)
(d) Fractional Crystallization
The zonation in t Loon Lake pluton has been
previously addressed by Saha (1959), Shaw (1962), and Dostal
(1973). The following discussion attempts to encorporate
the isotopic and trace element data from this study with

the results from their work.

4.4.1 Silica Metasomatism

Silica metasomatism was initially propgsed by Shaw
(1962) as a viable mechanism for enriching the rim of the
Loon Lake pluton in quartz. The close proximity of
sillimanite~-cordierite-garnet rocks was interpreted as support
for this hypothesis as they could possibly represent
original country rock (biotite paragneiss) depleted in
;ilica. Subsegquently, Dostal (1973) used geochemical criteria
to refute this model because both units exhibit smooth and

often continuous major and trace element patterns and their

”‘-!

normative cbmpositions fall within the low temperature

trough of the "granite" guaternary system. In addition,
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the oxygen isotope data for co-existing mineral pairs
(Shieh et al.,1976) indicates mineral equilibration at
magmatic temperatures in Qoth the margin and core of the
pluton: thus providing further evidence against interaction
of a low temperature fluid with consolidated monzonite.

A slight variation of the silica metasomatism
model was advanced by Shieh et al. (1976) to reconcile the
above information with the highér average 8!%0 data obtained
for the guartz monzonites (see section 3.4.2). These authors
suggested that the available data could be explained by bro-
gressive silicification at the margins of a monzonitic
magma b§ the interaction of a high temperature fluid phase
derived from the country rocks. This mechanism adequately
explaiﬁs the oxygen isotope data, the gradational boundary
between the monzonite and quartz monzonite, and possibly the
normative composition of the quartz monzonites. The position
of the quartz monzonite samples in the Qz-Ab-Or ternary
system (see Dostal,1973) maybe somewhat precariods because
it is possible to shift the normative composition of the
- monzonites from near the Ab-Or join towards the quartz apex
by silica metasomatism as well as fractional crystallization.

It seems inevitable that a fluid phase derived from
the country rock would be enriched in other components,
besides silica, which likewise have a high affinity for the
fluid phase (e.g. the alkalli metals; Holloway,1979). In

fact, the guartz monzonites are strongly enriched in
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rubidium (Fig. 4.3 and 4.6) beyond concentrations predicted
by fractional crystallization or assimilation (see section
4.4.2 and 4.4.4). This enrichment maybe further evidence
for the involvement of a fluid phase in the evolution of
this pluton.

There is no evidence to suggest that strontium from
the Apsley gneiss was introduced into the magma as the
margin and core of the pluton have similar initial strontium
ratios. However,Athere are no strong arguments at variance

with the mechanism proposed by Shieh et al. (1976).

4.4.2 Mixing - Assimilation

Mixing of two unique isotopic reservoifs has been
suggested as an importangrcrustal process in certain geo-,
logical environments (e.g. Vollmer,1976; Langmuir et al.,
1978; Cortecci et al.,1979; Michard-Vitrac et al.,1980;
and Harmon and Halliday,1980). These authors proposed that
simple two component mixing can often be identified and are
not masked by secondary processes. To.evaluate the role of
mixing in the evoluti;: of the Loon Lake pluton, four
potential mixing processes will be/examined:

(a) Vapor-Solid (varidgg hydration and vein

forming processes)

(b Vapor-Ligquid ‘diffusion of a fluid into a
magma)

(c) Liguid~-Solid (assimilation of country rock
by a magma) ‘
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Figure 4.3 K-Rb variation diagram for monzonite
\\ and gquartz monzonite samples from the

\k%oon Lake plgton. This diagram shows
the extreme enrichment in Rb for the

guartz monzonites.
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(d) Liquid-Liguid (mixing of two magmas)

The first two mechanisms were discussed in the
previous section with regard to silica metasomatism and
are not discussed further here.

An alternative mechanism for silica enrichment at
the margin of this pluton is the assimilation of country
rock by a monzonitic magma (Wynne-Edwards,1957; Saha,1959).
The effect of assimilation on the evolution of a magma has
been summarized by Taylor (198§):

"The heat necessary toiéiise the temperature and

then react with and dissolve the stoped blocks

of country rock is produced by the latent heat

of crystallization of the mingrals already

crystallizing in the magma-... The principle

effects are simply to enhance the proportions of
late differentiates and to speed up fractional
crystallization with only slight perturbations

in the normal liguid line-of-descent.”
Consequently, the major element composition of the magma
may not be significantly altered by assimilation but a
contaminated magma is often reflected in isotopic and trace
element patterns.

The most severe constraint on the role of assin?la—
tion in this pluton is the identical initial strontium
ratios for the monzonite core and the quartz monzonite rim
(see section 3.4.1). Total assimilation of Apsley gneiss
would result in a higher Ri for the quartz monzonite than
the primary monzonite magma.

The mixing of a monzonitic magma with an anatectic

melt derived from the country rock (mechanism 4) was

-
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éroposed by Dostal (1973) to explain the origin of the
quartz moﬂéon;te unit. It is possible to maintain a low Ri
in an anatectic melt derived from older crustal lith-
ologies (see sections 4.2.2; 4.2.3; and 4.2.4) but it

would be some&hat_coincident if this melt aquired an
identical R, as an ascending magma that probably originated
in a totally different environment.,

Further support against significant contamination
of a monzonitic magma by locally derived melts is gained
from several trace element distribution patterns. One
example is fhe TiO2 - Zr variation diagram (Fig.4.4) in
which the éield for the Apsley gneiss (data from Shaw,1972)
is significantly removed f;om the main monzonite - quartz
monzonite trend. Considering the low partition coefficients
for Zr and Ti reportéd by Pearce and Norry (1979), melts
derived from the Apsley gneiss would be too enriched in
these elements to account for-the quartz monzonite distri-
bution by mixing with a monzonitic magma. Similar arguments

can be developed for rubidium and strontium.

-

4.4.3 Separate Intrusions

An alternative mechanism involves the separate
intrusion of monzonitic and quartz monzonitic magma
{Dostal,1973). In order to explain the smooth geochemical
variations between these units, Dostal (1973) proposed

that separate melt compositions could be extracted from a

&

T —



Figure 4.4

84a

TiO2 - Zr variation diagram for monzonite
and quartz monzonite samples from the
Loon Lake pluton. Included is the field
for the apsley gneiss (data from Shaw,1972).
The low partition coefficients for 2Zr
indicate that partial melts from the
Apsley gneiss would be too enriched in 2r
to explain the trend of the guartz

monzonites.
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chemically differentiated and stratified magma. This

process was preferred over continuous fractional crystal-
lization of a single magma because of the overlap in major
and trace element chemistry and the difficulty of generating
residual gquartz. | |

The strontium isotope data (section 3.4.1), in
general, is compatible with this model. If two fractions
from the same magma are extracted, then the Ri of each melt
should be identical provided there has been no subsequent
contamination. However, there is no field evidence to
indicate that these two unlts were emplaced separately.

In addition, frac al crystallization of a magma
nay cause a slight §!%0 ichment in the late stage
differentiates (Harmon and Halliday,1980) but this shift
is generally less than 1.5 % (Taylor,1978). Therefore, it

is guestionable whether this model could generate the

hiatus between average monzonite (9.5 %) and quartz

monzonite (11.0 %) .

4.4.4 Fractional Crystallization

The smooth and often continuous geochemical trends
reported for the monzonite and quartz monzonite suites
(Dostal,1973) and their similar Ri supports a cogenetic
relationship between these units. To examine this contention
in greater detail, the Rb gnd Sr data from this study were

combined with the date reported by Dostal (1973) on a log

-

&
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Rb versus log Sr diagram (Fig. 4.5). It is apparent from
this diagram that the monzonite suite defines a smooth

trend which contrasts markedly with the scatter in the
gquartz monzonite data. Atéempts to\model geochemical trends
in granitoid complexes {e.g. McCarthy,1976; Rapela and
Shaw,1979; McCarthy and Groves,1979) indicate that primarf
trace element trends generated by fractional crystallization
in a magma are often preserved.

In order to model the monzonite trend, the liquid

line-of-descent for a monzonitic magma was traced in the
granite tetrahedron (Fig. 4.6). The initial magma composition
falls on the two feldspar cotectic surface near the
Ab-An-Or plane. As fractional crystallization of two
feldspars and mafic minerals proceed, the composition of
the melt ap;roaches the cotectic line where quartz becomes
a major crystallizing phase. The minor amounts of quartz
in the monzonite suite can be explained if various propor-
tions of intercumulus melt crystallized after the melt
composition reached the cotectic line.

The trace element concentrations were calculated

from the Rayleigh fractionation equations:

c, = c PPV ana ¢ =cpr®Y) (cast,1969)
fo) s o
where: Cl = trace element concentration in the melt
. Cs = trace element concentration in the solid
CO = trace element concentration in the initial magma
F = fraction of melt remaining



Figure 4.5
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Log Rb ~ log Sr variation diagram for
monzonite and quartz monzonite samples
from the Loon Lake pluton. The monzonite
trend is bounded by the solidus trend
(solid line) and liquidus trend (dashed
line) derived from Rayleigh fractionation
equations. The scatter in the quartz
monzonite data cannot be attributed to

a simple fractional crystallization

model.
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FIGURE 4.6 GRANITE QUATERNARY SYSTEM

LOON LAKE PLUTON

M= FIELD FOR
MORNZONITE

7
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D = bulk distribution coefficient (ExiKl/l)
X. = modal proportion of phase i crystallizing from,

)
the magma

K = solid/melt partition coefficient
Rubidium and strontium concentrations in the original
monzonitic magma’(Co) were estiméted as 55 ppm and 1100 ppm
respectively, while the initial proportion of phases
crystallizing from this magma were considered to be
equivalent to the average modal composition of the monzonite
(see Table 4.2 and 4.3). The partition coeffici;nts for
Rb and Sr, used to calculate the bulk distribution coeffi-
cient (D), are those reported by McCarthy and Groves (1979)
and are reproduced in Table 4.2.

Most of the monzonite samples are confined by the
liguidus (dashed line) and solidus trends (Fig. 4.5) and
can be interpreted to rgp;gsent various proportions of
cumulate and intercumul&s melt at different stages of
crystallization {(McCarthy,1976).

Conversely, the scatter in the guartz monzonite data
cannot be explained solely by continuous fractional
crystallization of a monzonitic magma. The addition of
quartz to the solidus does not alter the trace element
trend sufficiently to account for this scatter. There is

independant evidence that an HZO-CO fluid can have a

2
profound effect on elemental partitioning (Holloway,1979)

but there is no evidence for increased volatile activity
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Table 4.2 Trace element partition coefficients used in
model calculations (after McCarthy and Groves,1979)

Plag Kfeld Bio g Hb Qtz
Rb 0.04 0.8 3.0 0.01 0.000n1
Sr 3.35 3.6 0.4 0.06 0.0001
* 43 46 6 3 2

AN

Initial Modal Proportion of Crystallizing Phases (%)

Table 4.3 Trace element concentrations (ppm) in melt (C1)
cumulates (Cg)

Sr Rb
a
E a1 Cs 5N Cs
10 8 26 155 85
30 85 267 95 52
50 253 789 75 41
70 516 1611 65 36
a0 880 2746 58 32

a . .
percent crystallization
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in the rim of the pluton (ie. pegmatitic mineral develop-

ment or miarolitic gavities). q?fortunately, the paucity

of fluid/melt partition coefficients restrains a semi-

guantitative appraisal of the effect of wvolatiles.
Considering all the above data, it is difficult

to derive the guartz monzonites simply by fractional

crystallization of a monzonitic magma. The enrichment

of Rb in the margin of the pluton and the significant

hiatus in average §'%0 data for each unit attests tg a

more complicated genesis involving one or more of the

processes described above. However, fractional crystal-

lization does play an important role in the evolution of

the pluton and adequately explains the systematic and often

continuous variation in major and trace element compositions

and the similar Ri for these unlits.

4.5 Origin of the Loon Lake Pluton

To determine the origin of a plutonic suite, it is
necessary to combine all the available geochemical and
petrological information to trace the plutons evolution
back to its source. In an attempt to identify the source of
several Paleozoic plutons from Australia, Chappell and
White (1974) differentiated between granitoids derived from
sedimentary precursors (S-type) and those formed by fusion
of an igneous source (I-type). The distinguishing features

of each granitoid type are presented in Table 4.4 accompanied
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by the corresponding characteristics of the Loon Lake
pluton. _ -
Extreme caution should be enforced in extending
this classification scheme to the Proterozoic but it is
interesting that the Loon Lake pluton has many siﬁilarities
to I—type grénitoidé. This class of granitoids was
originally interpreted to be derived directly from Ebe
mantle (Chappell and White,1974) but other sources such
as subduqﬁed oceanic basalt (White,1979) or volcanic rocks

-

derived from the mantle (Pitcher,1979%) have also been .
suggested.

It seems inevitable from the data in Table 4.4
that the Loon Lake pluton was not derived ?irectly from the
mantle (too high §!%0) and therefore has a source in the
lower crust or at least reacted with the 'lower crust.
Since the lower crust is lithologically and isotopically
hetérogeneo&s (Smithson and Brown,1977; James,1980;
Richardson,1980), partial melts accumulating in the lower
crust are probably derived from a mixed source. The
available strontium and oxygen isotopic composition of
lower crustal xenoliths (e.g. James,1980) supports the
contention that the Loon Lake‘pluton could be derived from
the lower crust. It is not possible to suggest one protolith
for this pluton as Miller (1978) indicated for some

Californian monzonites (ie. guartz eclogite) but detailed

examination of xenoliths in the pluton may provide some
¥
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clues to the parental material(s).



\
\\/1\

CHAPTER V

SUMMARY

A summary of the age determinations presented in
this dissertation combined with other geochronological
data from the Apsley area (Table 1.2) are presented in
Figure 5.1. In general, igneous activity in Chandos Twp.
spans a period from 1400 to 950 Ma. The age of the Apsley
gneiss (1402 Ma.) is considerably older than other units
in this area but whether this is a true hiatus must await
further geochronological investigations. However, there is
is evidence of "01ld™ granulites east of the Elzevir
batholith (ca. 1440 Ma.; J. M. Moore, personnal communica-
tion) which supports the existence of relatively old crust
in this ;egmént—of the Grenville Province.

An attempt to use strontium isotopes as a tracer
of c¢rustal processes has pﬂdvided a better understanding
of isotopic behaviour during regional metamorphism. The
main conclusions from the detailed strontium isotopic
study of the Apsley gneiss are: ;

(a) The "sodic" Apsley gneiss bands have remained

closed to whole rock strontium isotopic
equilibration during amphibolite facies

metamorphism. Migration of Sr between mineral
phases ceased ca. 1062 Ma.

95 )
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(b) The "potassic" Apsley gneiss bands exhibit
various degrees of whole rock strontium
isotopic equilibration. The feldspar-whole
rock data from these bands yield a variety
of ages younger than 1062 Ma. but no geological
significance is attributed to this data.

(c) The low initial strontium ratio for the Apsley
gneiss (0.7022) reflects a mantle or lower
crustal protolith for the volcanic¢ end
member of this sequence.

A combined oxygen and strontium isotope study of
the Loon Lake pluton (R; = 0.7034; t = 1065 Ma.; sleowr =
8.8 to 12.0 %) indicates that this I-type granitoid was )
derived from a lower crustal source. The similarity of the

*
initial strontium ratios for the monzonite and quartz

monzonite indicates a cogenetic relationship between these

., 3\
NNA

two units but the enrichment of Rb in the gquartz monzonite
and higher oxygeﬁ isotopic composition suggests a more
complicated history.

The Rb-Sr whole rock errorchron age of 1225 Ma.
(Ri = 0.7031) for amphibolite and syenite samples from the
Tallan Lake sill is interpreted as the age of intrusion.
This data supports the contention of Griep (1975) that the

sill forms part of a large scale nappe structure.
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A.l Sample Dissolution

A detailed outline of the chemical procedure used
in this laboratory is reported by Beakhouse and Heaman (1980).

The reagents used for sample dissolution include HC1, HNOB,

HF {(Analar), and distilled H.O. The HNO. and HF were distilled

2 3
following the sub-boiling technique outlined by Mattinson
(1972) . The collector and feed bottles were F.E.P. containers
and these were connected by a teflon elbow. Large quanti-
ties of distilled HCl were required for the preparation of
2.5 N and 6.0 N acid therefore reagent grade HCl (ca. 12 N)
was continuously distilled (sub-boiling) in a quartz still.
Distilled tap wat%r was further purified using a Corning
"Mega Pure" vycor still and subsequently passed through a
Barnstead ultrapure deionizer.

The teflon bombs, used for sample dis;&lution, and
other pyrex apparatus repeatedly used in the chemical
Efpcedure were stored in a concentrated HNO3 bath until
needed. This cleaning acid was replaced regularly to
eliminate the possibility of contamination. Prior to use,
the teflon bombs were removed from the acid bath and rinsed
repeatedly with 2.5 N HCl followed by double distilled H,O.

For normal isotopic analyses, 250 mg. of sample
powder was weighed into the clean téflon bombs and 5 ml.
of HF and 0.5 ml. of HNO3 were added. The bomb assembly was

placed in its metal retaining jacket and heated in a muffle

furnace at 135 °C for a minimum of 12 hours. After removal

=
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from the furnace, the bombs were allowed to cool for 2 hours
befaore the covers were removed. The solution was evaporated
in a controlled, filtered air flow chamber. All subsequent
evaporations were also done in this chamber. The residue

was re-dissolved in 1 ml. of HNO, to ensure the complete

3
dissociation of sulfides, evaporated to dryness, and taken
up in 5 ml. of 6 N HCl. The bomb assembly was then returned
to the furnace (135 %°C) for another 4 to 6 hours of

digestion. Following this, the solution was evaporated to

dryness and re-dissolved in 2 ml. of 2.5 N HCl.

-~

This solution was transfered to a clean pyrex test
tube using a disposible pipette and centrifuged for 3 to5y
minutes. Significant quantities of residue occasionally
f;;;éd in the bottom of the test tube, especially from
mafic samples. Modifications of the above procedure,such
as increasing the volume of acids used for sample digestion
and the digestion period, allowed complete dissolution of
such samples. -

The chemical procedure for spiked samples is identical
to that described above except that measured gquantities of
®7Rb and ®“sr spike solution were added to the sample powder.
The optimum guantity of spike solution required was calc-

ulated such that the concentration ratio of spike to sample

was approximately one. .
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A.2 Cation Exchange Column Chemistry

3

The cation exchange columns consist of 30 cm. x

15 cm. pyrex tubes, tapered at the lower end, supporting a

*

100 ml. reservoir at the top. The columns are fitted with

a medium pore size fritted disk which‘supports 20 cm. of

Dowex Bio—Rad AG 50W-X8, 200-400 mesh resin (Hydrogen form).
Before loading the resin into the columns, the fines were
removed by repeatedly decanting the 2.5 N solution. During
this study, the quantity of resin in each column was increased
from 15 cm. to 20 ¢m. to improve the separation of cat?

from Sr¥?.

" The columns were prepared for Sr extraction by
rinsing the resin with 50 ml. of 6.0 N HCl, backwashing with
double distilled HQO to eliminate chapnels or‘imperfections,
and re—-equilibrating the resin with 50-75 ml. of 2.5 N HCl.
Any ir§ggularities on the resin surface were levelled with
a clrcular glass rod.

The supernatent solution from each test tube was-
"loaded into a separate column using a disposible pipette,
attempting not to ‘disturb the resin surface. Elution was
achieved by passing a total of 104 ml. of 2.5 N HCI as
follows: 2 ml., 2 ml., 10 ml., 40 ml., and 50 ml. Each
aliguot was allowed to}pass through before the addition of
subsequent aliquots. Rubidium was collected as a 5 ml.
aligquot after 45 m)}. of HCl was coilectedl Strontium was

collected in a 15 ml. aliquot after 70 ml. of HCl was
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collected. The relative selectivity of common monovalent
and divalent cations for this resin was reported in the
J.T. Bakexr Chemical Co. product bulletin #103 (1958).
Calibration of the exchange columns was determined
using a Perkin-Elmer (model 603) Atomic Absorbtion
Spectrometer (AAS). Small aliquots of discharge (5 ml.)
were collected in 30 ml. disposible polypropylene beakers

and the relative concentration of Sr in each aliquot was

determined \by AAS. . ‘
The\\g

irst aliquot which contained Sr was d%scarded
and the following three aliquots (ie. 15 ml.) were combined
into one beaker. This solution was evaporated until the
volume remaining was 4 ml. At this stage, t@e solutionvwas
transfered to a clean pyrex §ial, evaporated to dryness, and

stored for mass spectrometer analysis.
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B.1 Major and trace element data for the Loon Lake pluton

" Monzonite
LL10O 60
LL13 71
LL18 62
LL21 55
LL24 42
LL27 74
LL30 60
LL40 65
LL42 90
LL45 .53
Quartz
‘ Monzonite
LL2 243
LL3 430
LL4 73
LLS 134,
LL6 94/
LLS 183
LL11 230
LL14 200
LL1S 236
LL19 265
LL20 175
LL28 115
LL31 153
 LL49 188
S RLLS0 131
GN4 218
GN8 96
Granodiorite
Gneiss
LL? 61
LL26 . 100
LL29 52
GN1 76
GN2 : 82
GN3 89
GNS S0
GN6 - 82

GN? 90

179

63
124
208
682
186
106
430

38
973

211
121
520
198
35S
218

42
441
380
206

95

66

60
180
371
104
141

173
204
222
250
208
180
444
220
213

| =<

34
89
43
63
31
81
182
54
75
39

120
97
35

34
67
152
48
57
123
26
106
72
137
75
20
65

59
53
33
45
54
60
35
44
52

670
816
778
1000
934
674
923
1056
1282
613

674
532
835
375
583
320
417
851
875
643
260
265
422
517
391
328
365

243
270
228
189
203
225
199
164
209

Nb

10
29
20
21
13
25
33
13
15
10

40
32
20
26
23
25
70
23
25
43
13
17
21
16
15

17
18

[ ;S I8 NN S Iy |

Ti0

.50
.71
.75
.89
.10
.60
.80

QDO O DO

.79
.52
.01
.32
.59
.28
.13
.73
79

.16
.22

ODOODVDODOOO0DO~OO

* * *

* A B * * % & % #»

.72

7.66
7.38
7.51
7.21
7.07
6.92
7.18
*

4,32
6.13
5.36
5.59
6.44
5.93
4.63
6.81
7.11
5.07
3.82
4.98
7.17

* % *

»

* % * A A % * % =

—



B.1(continued)

GN9 .
GN10
GN11

Diorite-
Gabbro

LL17
LL22
LL23
LL25 -
LL46
LL47
LL48
LL56
LL57

39

31
27
31
25
29

49

361
315
265

1435
1276
1156
1262

2209

1903
1272
1535

809

=< .

41
46
30

26
21
80
46
21
51
40
31
32

data reported in weight percent

*

no data available

439
332
344

46
370
148
117
135
183
235

- 96

546

oo Ié?’

LS
12
19

[
Bl R

TiO

%* * % A ¥ % A * *

K,0

% % % % * % ® * *
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C.1l TRS—-80 MicroprocessQr Programs

During this dissef%étion, a TRS-80 micfoprocessor p

/

(Radio Shack Inc.) was interfaced with the mass spectrdﬁgzer
to facilitgte on-line data aguisition and calculations.
Four separate programs were written in Leve%‘II Basic to
allow for normal strontium isotope analyses (Program "Q"},
isotope dilution analyses for strontium (Programs "S" and
"z"), and isotope dilution for rubidium. The fortran program
reported by Stacey et al. (1971), with modifications
similar to those encorporated by Birk (1977), was used as a
guide iﬁ designing the structure of program "Q".

For normal strontium isotopic analyses, the peak data
is collected in blocks of 10 scans with provision to collect
a maximum of 30 scans réxhout focusing or adjusting the beam.
The peak data is collected in the following sequence: mass
88ﬁf87, 86, 88 ... etc. and each peak value is compared to
a previous value in order to eliminate spurious data (see
subroutine 900).

£

Background data is collected at four positions: 40

volts down mass from each peak plus at mass 85. A set oﬁ///”“\“/ﬁ\\

backgroud data (5 scans) is collected before each set ff
peak scans. The average background data is tested fo / co-
linearity and then regressed tq determine a baseline?\The
background values corresponding to each peak position are

then interpolated along this baseline. After two sets of

backgrounds have been collected and the corresponding
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backgrounds for each peak calculated, the two sets of
==

corrected bhckground data'are used to calculate the change

in the background as a function of time. Therefore, if the

~

baseline%driffs significan;ly during a run then an appropriate
background val;e can be assigned to each peak measurement.

If there is a strong "88 tail" then the background
data collected between mass 88 and 87 is not used in the
baseline calculation. An "88 tail" correction is then applied
to the 87 peak (subroutine 1115): This correction 1is at best
an approximation becaudse the tail is assumed to be linear.
Similarly, if there is a Rb85 peak then this background is
also not used in the baseline calculation. In the case of
a Rb85 peak, a correction is made to the peak at mass 87
to account for a Rb87 component.

After a set of peak and background data have been
collected, the program computes the ®’Sr/®®Sr and ®°%®Sr/%®%sr
ratios and then normalizes all the ®7sr/®®sSr ratios to an
88sr/®%Sr ratio of 0.1194. For one set of 10 peak scans,

24 ratios are calculated plus the mean and standard dev-
iation. Additional provision is made to calculate a
cumulative mean and standard deviation at the end of each
run.

Program "S" and program "2" are‘modified versions
of program "Q" which allows the collection of one more peak
position (mass 84) for strontium isotope dilution. Data

collection (Program S) was not combined with the calculations
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because the ldxg§ amount of time required for the calculations
wasted valuablerdata collection time. The order of peak

data collection was changed to the following: mass 88,

87, 86, 85, 84, 88 ... etc. and all the backgrounds were
collected 40 volts down mass from these peaks. Otherwise,

the structure of the calculations is essentially the same.

The data collected using program "S" was simultan-
eously stored on cassette tapes then recalled when the run
was finished. Program "Z" re-loads the data from the tape
and makes the calculations with no need for outside input.
These two programs are not very efficient and do not allow
the operator to monitor the behaviour of the sample
throughout the run.

For rubidium isotope dilution the accelerating
voltage is set for mass 89. The magnetic field offsets ére
then reserved for mass 87, 85, and 83 respectively. Four
background positions are measured: 40 volts down mass from
each position described above. Only two peak positions are
measured (mass 87 and 85) but these are analysed at
successively hiéher.ionization temperatures to check for
severe frac\éonation. The ba@ﬁground calculations are

essentially identical to those described for program JQ".
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PROGRAM "Q" =~ SIRONTIUM DAIA COLLPCIION AWD
EEDUCTIVN PUR 3 PFAKC PUSILIONS

4 *S1ATbNrwi 5 DIMFPLSIONS MERORY oA PRAK MALRICESU MIXsY3ZUX. Y1) BACKCHOUND COR
RECITONS (v 3B+ 3110 RB PYAK CORNFCLJONUVRIIB 1o i IMF CORRFCIFD PFALSI 22042421 E
iCe.
S DIM %219 PL{30+2+2)9Z(3+2V+RBI2SI+RA(2S Iy NYII343)s VRUIB I UVIII NS MFANXI3Z0 Mo N
W 2EL+ NP 26

10 i=0:0=0

15 FURR=01020: ¥ FANXNIR)I=0:NFY[R
RS=ihPe¢O

'pACASROUND CODES AR¥F: 87.4=0UT10+03 8€.4=0UL10+13 85.4=0UT10,2: 85=0U[10,3
0ul 0.0

PORP=0I01500: 44 X1P

L=INPIOIANDL S [ FL=0THFN3S
CLo:Pxrlni "9 BKGS - 5 SCANd FACH"

‘LIF 85 COLLICTS IHE BACKGHEOUND DAIA - 5 5CANS OF 4 BACKGROUND POSITIONS
pOEN=0104: FOAM=0103:0UL10- M PRIN] 290 M+1: GUSUBEI0: GUSUBESO I PHINI DI 1G24+ 64N+1€6 K}
oXUh oM 3 GOSURS3S5wFXiMs N
&) rORN=0103:SNIRI=0SNEXTR
S5 PORK=0I03: PORS=1{USIOMIRI=IMORI+XIS=~1 RI:BOIRI=OMIRI/ZSINFXTS R
S8 'LINES 55-€0 AYFRAGES BACKGrROUND VYALULS }OR FACH SCAN POSITION AND ROUNDS IH
E VALUE 10 IHE NFARESI #hOULE NUMBER
& FORA=0TO3:PRINTIZ(OSPE+TETRICINTIBCIRI 1 PO¥ (RV=CDBLIBGIRII:NFTR
€& LPniNT CHR$(101LPRINT “BACKGROUNDS™:LPRINI “87.4™+"8€.4"+"085. 4", 85" FORN=0
TO4: Lo RINT X{NoD 1o XtNvl o X(Ns2)oXINe3IINEXTN
POKE 14312¢132LBAINT CINT(BGUO M)« CINTUBGIL Yo CINTUBGI2 ) CINFCRGIIN
=0
GUSUB250

'PEAX CODFS ARF: 88=0UT10+8; 87=00T10,+97 8€=0ul10+10
VUL10+8:510P: 00110+ 9:510P20JI10+10:8STOP:I=0

INPUL “NUMBFR OF PEAK SCANS DESIHED? 1=10 2=20"iJ

[3d>=24htd GOSUBRLED

RT=liPt01:0U110.8

PORP=0{01500:xEXTP
110 L=14Pt9) AND 15:1FL=0THENTIL1O
115 CLS:PAINI™3 PEAKS = 10 SCANS EACH™
118 'LiyV 120 COLLFCTS PFAX DAIA AND DISCARDS ANUM}LOUS RFADINGS
120 FORU=0j09: FOKY=0{02:0UT10» (v +8I:PRINT P50, tU+1 18 GUSUBELO: CIOSUBEEOIPRINIRI1 92+ €420
$LEFY I XU 2 GUSUBO00NFXTV U .
124 CALL LPRINT STATEMENTS CONIROL DAIA PRINTID ON
125 POKE 14312+13:LPRINT TABUI)I"RUNTIIAB(4IQ+Ji[ABL )
YOUeO Yo YEUL Do Y(Us212NFXTY
130 INPUITLO YOU #ISH ANOIHER 10 PFAX SCANS? 1=YEIO 2=M0"i
135 1= I+1
140 FORR=QTO3:UGHIRI=PCGY¥(RIINEXTR
145 1b%>=2ihEN20Q
150 I¥X=1THEN GOSUB210
155 1FK=1,hFN20
160 Ri=lHpP(0O!
1€5 0U110.8

56804B0Y

SS88BRBAI
» O

E TFLFLIYPY
PEAKS)™: FORU=0109: LPRINT



123

170 )d?p:ﬂxoxsoo:ugxwy i

175 L=INPLOIAND 15: 1FL=01HEN1 75 N

180 CLS:PRINT "3 PEAKS - 10 SCANS FACH?Y

183 °LINE 185 COLLECIS THE SECOND SET JF PFAK SCANS

185 FORU=0TO9: FURY=0TO2:0UT10+ (¥+81:PRENIDS0 (U+1):GOSUBEI0: COSUBEEQ: PRINTDIIQ2+64%
UH1E=Y 1 Y{U+ VI 2GOSUBIOO INEXTY U

190 LPRINI CHRS$(10)1:LPRINI rAstx)~auw~.1k5(4»0+1.rAsl7v-=pyaxsv- LPRINT TAB(31"88~;iT
AB(19) 87 ;TAB(351"86"

195 FORU=0I09:LPRINT Y(UrO)oY(Uel 1 ¥tUs21s \Exxu

198 *LINES 200 AxD 210 STORE PEAK DAIA FOR MORE (AN ONE RUN IN SEPARAIE MA(RIC

. ™~

20 FOHG=0109:}ORX=0102:n(G'hvziic-H):aFXIH-c ~___ y

25 RiiUan ”’ R
210 FURP=0109: FORVU=0L02:Z(P+0 =P 201 s EXIUP ~

215 RUSINPLOI:0JT10.8 ®

20 FORP=0IU1500:4EXIP N

25 L=INP(9) AND13:1F L=0 IHEN22S

230 CLS:PRAINI =3 PFAKS = 10 SCANS EACH"

23 *LINE 235 COLLFCTS PEAC DATA FOR IhE THIRD RUw OF 30 SCANS
235 FORU—OTOQ FORY=0T02: OUT10+(V+81:PRINTR50+{U+1):COSUBELIO:GOSUREEQ: ARIVT3(192+64"U
HESTYT ol (U ¥ GOSUBS00INEXT VAU

240 POKE 14312+13:LPRINT TAB{1)“HUN™ITAB(4)Q+J+1:iTABY 71'(?2.\!(5":FORU:OTOQ:LPR]NT Yt
Us 00 YUULT 2o YU UL2V:NEXTU

245 RETURMN

248 'SUBROUTINE 250 CONTROLS THE ISOTOPIC DATA REDUCTION

250 1FT=0THEN RETURN

295 Q=Q+1:PHL0 =87 40 PH (] 1=8€. 44 P#(2)1=85.44:P#({ 3 1=85H FURX¥=0A 1 SUMY#=0#:SYY#=042§Y
Xe=08: SIMXe=0u: TIMX#=0a:JIMAN=0#

260 FORR=11031:VRtK1=0sUviR1=0:4FK4R

25 IF J=1 THEN GOSBB10

287 'LINES 2€5-330 FILTFR QU1 BACKGHOUNDS wHICH MAY BE AFEFCTIFD 3Y AN 88 TAIL 0o

R RB PEAX IN OADER TO CALCULAIE A BASFLINE ;

220 [P J=1 IHEN 280 \

2?5 1} d=2 THEN GOSUBBSS

278 "wGe¥Gy AND KG ARF THE VALUES OF THE SLOPE BE[«EFN VARIOUS BAGS "

280 wCMCHIO0)-NOa IV YCZNGPILI=NCN¥ (21 G MGH¥I2I=MGr(311/0.4 )

2B5 I} 86>10.85*YCVIHEX31S

20 [P KG<-15 [dLN305

295 IORR=0103:0#=44:GOSUBI079:NETR
X0 IF SIMX¥>Q ThEN3I3ZS

D5 FORN=QTO2:N¥=32:GUSUBLIO7S:NFX1A
310 If $IMX=T>Q [HENS3S

S IF £G<=15 [HEN330

X0 PRI T03:8¢=32:6030B1075:NEXTR
25 [} SIKX#>0 THEH33S

B0 FORK=1TOZ2:N#x2#:COSUB1075:EXTR
X5 GOSUBI0SO

X338 'LINES 340-350 CALCULATE TIME.88 IAIL+RB PFAK. AND BASELINFCORRECTED SR PFEA

S« YOR CONVENIENCE THESE YALUES ARE STORED IN A O9U3X3 MATRIX

340 FORE=0TOB:1 JORF=1TO25 STEP 3:PXITs0+0 ) xY(EsQ =NV FeO1:PK(Fele0)=Y{Eel1)-NVIF+tol)~
BUF+1 1=OVIF+1 1t PEKEE+ 240 )Y (Ee2)~NY( F42+2):NEXTF+E

S
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S FORE=Q OBt FOR=2TO26 STEP JB:PK(E+O0s1)=(Y(E+140)~Y(EsQ)}/B+Y{EsO)~NV(FeQ¥IPKIEeLs
DI=CYCFrIp 1= Eel 3 /3¢ 1 (R L i=NVCF* ot ) VROF*1I~UVIFFI I PK{Es 201 )0 10 Re192)-2( ks

2V 1/ 34 YLE 2 =MW  F+202V:NFXLEWE

350 FORE=0I108:3P0RI=31027 SIEP JtPKIEsQe2) (Y (E* L0 )=Y(FosO 1 IZF2) /34X (FoO =NV Fo0):PKI
Eel1e2)1sCAN (R Lol b= Y tEe1 ) )%23/73+ L Eel )oNVEF+1 01 )~ VRO I=UV F#L ) 2PKUES 2+ 2=t ( Y( B+
1e2)=Y(Ee2) 121 /3+1(Ee2Y=NY{F#+2:2):8EXTFWE

353 ‘L INE 355 GALCULATES THE 86788 RATIO

355 FORR=1TUB:1ANIRI=PXIE~1+2+s1 1/PKIRsQv0 QM4 RIZPKIR~1+2+2)1/PXIRv0s11:1QOtRIZPK(R+240
} /PKCRe0+2VNEXTR

358 'L INE 360 CALCULAIFS 1HE 87/86 RAT10. LINE 3¢5 CALCULATES THF NORMALIZFD 87

/ 86 RATIO TO AN B86/88 YALUE O} 0.1194

3E0 FORR=1TUB:RNIRI=PX(R~1+1+2)1/PK{R-1+2+11:RM(RI=PXtRs140/PC(R-1+2+21:RO(RIZPK(R1
v 11/PKERe 2.0 NEXTR '

3GS FORR=ITOB:NN(RI={2°RN{RICQNIRIIZIQNM{RI+ 1194 )t NHIRI=( 2% RANIRI*QONIR)I 1 /{QMIRI+. 1154
) :HO(R)='2*leR)“RO(R))/(QOIR)HHQ‘H:NEXTR

I70 CLS:PRINII21,*BE/BB~tPRINTRU1I2)+ =87/ BEN"PRINIDI24), "BE/A8%:PRINID(34)."8
WQEN™ PRINI 246} ,"86/88" :PRINTRUSHE) "B/ 8EN"

375 FOHH=1108:PRINIZIE4 RV QNIRIIPRINTI(E4TR+LI I NNIRISPRINTDI 42 R+22)10QMIR)I e PRINTH
61 Re3IVNMIKIIPHINT 2064 R+44 3 QDI RIIPRINTZ(E42R+55) NO(RIINEXTR

330 APRINT CHRS(10)sLPRIKT I[AB(2)*(BE/88)1"3(ABII21"(8/BEIN “i[ABI23)1"(8€/88) *
SIABI321™87/86)IN “iTAB(43)"(86/88) “iTAB(S21"(8?/8EIN =

385 FORR=1TOS:LPRINT TAB(LIQN(RI};TAB(I2INNI(R)SIABIZ2YAMIRIITARII2INMNIRISTAB(42)
QORI MBISZINO(RIINEXTR

B8 "MEANX(Q) AND JEANX ARE THE AVERAGE NORMALIZED 87/86 RATIOS AND 86/88 RATIO

5 FJOR A SINGLE RUN. PP IS THE STANDARD DEYIAIION EFOR THE RUN

PO FORR=1 JOB:TA(RI=TA(R~1 V+NO(RI+NM{RI+NNLZI:BACRI=BALR-1 V+ONIRI+QO(RY+QMIRIINENTR
S MEANXIQI=TA(8)/24:JFAMX=B8A(81/24
400 FORRSLIOBIPNIRI=(NA{RI=MEANX(I)II(22PMIRI=ENNI
NE2:PLIRI=PNIRI+POCRI+PHIRI+PLIR=-1):NEXTR

405 PP=(PLI81/231{0.5

40 IFQ>»=2iHEN440

413 °*1¥ THE STANDARD DEVIATION IS CREATER THAN 0.0015 THEN THE MFAN 87/86 RATIO

FOR THE RUN IS KFCALCULATED IN SUBROUTINE 675 EXCLUDING SPUR 10US DATA

45 IF PP<0Q.0015 THEN XX=24

220 1FPP>0.0015THEN GOSUBET?S

425 PRINTRES3I v "START":PRINT(E60 1+ "END"tPRINIRUE7S) s “HFAN(B?/86)IN="MFANXIQ)sPRINTD
C 6981 XX:PRINTR(709).788 TAIL="CINT(UY(114"TO CINTIUV(301 1 :PRINTZ( 7381+ "STD DFi=

® PPIPRINIR?P73)4"RB CORR="CINT{YRU1II™TO“CINIt YRUZ1IIIPRINTIBO3I " HFAN BE€/882")
IANX

430 LPRINT CHRE{IODMILPRINT TABCLI“MEANIB7/8C I N="{TABI 1 IMFANXI{Q )i TAR(I1II*START=iTAB(3
SIEND™:LPRINT TAB(1}7STD DEV="iTAB(LIPPIiTAB(241"88 TAIL="3TAB(I2ICINT(UYIL)iTA
B3SY™10"31AB(I8ICINTIUVIID) )

45 LPRINT TABU1I"MEAK(BE/8B8)=2"3TAB(Y VJEANXITAB(Z241"RB CORR="3,ABII2ICINTIVYR(1)STAB
{ 38)"TONITAB(3BICINTIVR(I1 ) ) LPRINT TABCII“NUMBER OF RATIOS USF¥D IN MEAN CALCULA
TIOU=™§1ABILIXX |

a38 *SFANX IS THE CUMULATIVE MFAN (87/86)N RALIO FOA ALL RUNS

440 RB(QI=RB(Q=11+4FANX(D?

445 SEMX=RB(Q'/Q

450 RALQ)=(MEANX{Q1=-SFANX (2

“MEANXIQIV{23POCRI=SINOtRI-MNFANXI(Q

455 RCRCHRAIQ)

4€0 [rQ<2HINSOS
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463 'MT IS IRE CUMULATIY} STANDARD DFYIATION }OR ALL TH® RUNS

4€5 Mt =(RC/(Q-111(0-5
47 [T PP<0.0015 THEN XX=24
475 1F PP>0.0015 [H¥k GOSUBE?S ~TOIAL SIATSI 1"t PRINTR €82 )

s " " NTQCESQ Y,
RINTR(€28) v "START" ¢ PRINIZ(E35) 4 "FHD™: PRIN T .
if?lg:PR}hI’S‘Gééh")“:PﬂlNTE(éfll-"10 SCANS ONLY®":PRINTIDCE7?I AXPRINIDIE83).,788

TAIL="CIN LUV (I M "TORCINTIUVI3L 1 e PRINTDY 704)-"Hifhe?/eekf:gf:\'.‘;?m( L ToCINT
485 PRINT2(725),"MEANBZ/BEN="HEANXEQ):PRINIDC 7420, " KB CO§R~ N SIS
C YRU31) ) :PRINT (V€814 STD DEVY&=*MIsPRINTR( 789)+"STD DEV=“PP:PRINTSD .

" JEANX . ) 3 . 3
490 LPRINT CHRS(10):LPRINT TAB(1)=TOTAL STATSC(=iTAB(13)Q®103TAB(1 PI"SCANS"iTAB(221")

" STABI251710 SCANS ONLI=iTAB(S6)"STARI" i {AB(C3)END®
496 LPRINT usu:-nmu:awsewzwusx14Jsm~x:usczsl-numswssm=-:umssmmuxun
ITABL 49188 ‘i.\lL:':TAB(S?)CIN’HUVIl)H'IAB(GOl"TO";lABIC4!C1NT(UV(30H
DO LPRINT TABL1I™SID DEV="314B(9141i TABI 251" 51D DEv="iTABI33)PPiTABI491"RB CORR=";T
ABESTICINTCVRIL) ViTABIEQ 110" TABIE€S)CINT { \R(3L 1 12 LPRINT FABCLI"MEAN(8E/88) =" ;1A
X13)JEANX:LPRINT TABI1I"NUMBER OF RATIOS USED IN MEAN CALCULATTON=";TAB(11XX
205 IF K=21HENS2S
5.0 FORP=0TO9: FORO=0102: Y1P+0)=ZiPs0):NEXT0,s p
85 K=2:5T0p
R0 13K=2THIN2S0
®5 1FJ1THEN 540 , \
06 ;oac=0109=rom:omz:nc.u)=.(c.m:u:xm.cu:x:srop
5 13J=1THEN259 ‘
50 IF Tl THENEOS
545 INPUT DO YOU wISH T0 SE-CALCULATE TOTAL S2ALISTICS EXCLUDING RUNS OUTSIDE
A S9% CONFIDENCE INTERVAL? 1=YES 2=NO"=;:p
50 IF Pe2 THEN €05
&85 AEHO:n=0:RE=O:&E=0:x=1:O=0:SP=0
65 CLS:PRI&T@HO).-MEA:-S x G9% ~ - LT
mm«szn--aum-:pa::.rg(mef.rf;i:u:-'gh CONPIDENCE INTERVAL®:PRIN @ 7€), Ry ¥ :p
570 LPRINT CHRSHO):LPRINT TAB(11%MEs
575 FORR=1T0Q ’
L]

f";’emél:&:@? TESTS MEAN (87/8€)8 vaLygs FOR EACH AUN »

SEASX). IF THE INDIVIpDyaL MEANS ARE aITHIN
ggu;s ISTERVAL THEY pass [n1o SUBRO=0 )

MFAN >z M= : -

=0 uur? Ala1>=(SEANK~0.002 )8 D MEANX(R1<x(SEANX+0.002) Tz COSURaM :
20 IF x> THFS GOSUB1Qas
8% NT? - -
331 p7 : ABCLy N-ANle'llesms'mmxuzsma(zs»-
05 RETURN

@Y 'Linis €10~€€0 ¢y
QRN

85 WITHIN 1 gox CONFIBFYCE INTER WAL=

HH IHE Gaanp MEAN FOR A
LHE APPROXINATE 9% CON}

\
STD DEV==;Ty

N
YERT [HE Binaxny YALUES BON PFAR 4xp iy, DATA 10 DIGETAL ¥
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L= INPE9) AND1S:IF L=0 THENE1OQ

A=INPLOJ AND 15

B=INP(1) AND 15

C= INP(2) AND 15:IF T=15 THEN C=0

De NP(3) AND 15:1F D=15 THEN D=0

E= INP(4) AND 15:}F E=15 THEN L=0

F= INP(S5) AND 15:IF F=15 IHFN F=0

RETURN

KN MI=A+107B+10(2°C+10(3*D+10(42E+10(5%F

KETURN

70 a=at)}

UVl a=R

NPCw)=MFANX(R)

0=0+1

IF O=4 THEN GOSUB10EG

ORR=0JO3: NG#(R)=UCH#(R):MGA(R)=PCG#(RI:NEXTR

RETURN

EFF K=1 THEN890

IF UU=1 THENSBO
FORR=QTO3:MG#(R)I=NCHIRIINGH{R)S((PGHIRI-UGH(R) I/ II+UGetRIINEXTR
uy=1

1} yU=1 THEN89S

FORR=QTO3 :MG#{ RI=NG#{R):NG¥(R)=UGL(R):NEXIR -

IF UU=1 THENS9S

FORR=0TO3:MC#(R)I=PC#(RIINGH{R)=( ((PGH#{R)~UGH(RII*21/3VI+UGHIRIINEXTR
RETURN

‘LINES 900-930 CHECKS FOR SPUR 10US PEAK DA1IA AND REPEATS A SCAN IF HECESSA

I} U<t THEX RETURN

IF Y(U=1e V)<t YUU» ¥)~0.15%Y( U, ¥)) THEN 920

P YIU-1 V)< Y(ULY)~0.15%Y(Us¥}) THEN 920

RETURN

Ual~1

V= -1

RETURN

*LINES 935-9€5 CHFCSS FOK SPURRIOUS BKG DATA AND REFFATS A SCAY¥ IF HECESSAR
IF N<1 THEX RETURA

TP XUIN-1oM)<(X{NIHI=0-15*XI%,H)) THFN 955

I} XUN-1oMI>(XINoM)+0- 157X (%, K1 VTHFNGSS

RETURN

Nul-1

RETURM

*SUBMOQUTIRE 970 ACTS AS A COUNTFR FOR THE 99% CONFIDENCE INTERYAL CALCULATI
AND COMTROLS THF PRINTING OF THE ACCEPTED DA1A

[EN1E]

Uy t» )=}
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B0 EP(»)=MEANXIR)

RO 0=0+1

0 IF O=4 THEN COSUB1060° .

VS PRINTIXPE4+(0216-4)+64 ) RIPRINTII X*644+0%16+64 1 MEANXIR !
1000 15P<4THEN1010

1005 POKE 14312+13:15P=0

1010 LPRINT R™ “MEANI(RI+}

1015 SP=5p+1

1020 XE=XE+NP(w)
m:

T~

1030 RETURN
1035 FORR=1TOM:RE=RE+({¥P{R1~ZE){(2):NEXTR

1040 IF w*(#-2)<1 THEN1055

1045 PT=(RE/(3*{a=111)1(0.5

1050 SEANX=1E

1055 RETUAN

1060 0=1

1065 X=X+] Y
1070 RETURN
1073 *STAIEMENT 1075 CALCULATES VARIOUS VALUFS USED IN THE BASELINE CATULATION.

SLPX AND TYTX ARE THE SLOPES OF THE BASELINE BEFORL AND AFTER IHE RUN. iLPX AND

TYIX ARE 1HE INITIAL BASFLINE VALJES AT MASS &8

1078 SU = NYH»KGNR):FUHX!:FUHUHNGNRl"P#lRl):SVY*:SH#+NCH(R):FVX#:FVX#HNGA‘(R)
wf&n SINXS=SIMKE+PRIR) tTINX#=TIMAN 4 (PH(RIL2): UIHXA=STMXN(2

1080 SDQ:‘FUMX”-((Sled‘SUHYH/NH)/(TIMX-‘l-(UI.MJ(H/NHHVLPX:(FVX/!-((SJNX#‘SVY#)/NIH

AT(¥MXy (UIHX!/N#H:TNTX:(lSIMX#*FUHX»‘H-tSUM)‘U"‘HH)LH)/(UIMX#-(N#“HMX«)):I\.TK:(
USTMX= FYX# = (SVY#STIMX#) )/ (UIMXb~ (NPT IHXS 1)

1085 Rzmxa '

1089 "B(RJ AND NV(R) ARE THE CALCULATED BASELINE VALUFS AT MASSES 88487 86+ AND
&%

1050 FORFs:O’IO.'S:BlRl=SLPX’(88-R)+TNT.\(:HHR)=VLPX‘(88-R)+’IVTX:VMR):(B(HJ-MV(RH/SZ:NEX
TR

1093 'NVIR+S) 1S THE INTERPOLATED BASELINE VALUES TO CORRESPOND »ITH THE IIME ¢
ORECT B PEALS

1085 FORR:O'IOSI:FOR§=OT03:HV(RvS)=M(S)'R+HHSI:NEXTS-R

1100 1F #G>10.85°YG) THENILLS

1105 IF £G<=~15 1HEN1135 -
1110 RE,URN

1113 "UY¥(R) §S THF 88 iAIL CORRFCTIOM. VR(R) IS 1HE RB PFAK CORRECTIOXM

1115 UHO)-‘:(NG“O)-NG#(1))’0o€*h6‘-"1)-ﬁ¥((1l:UHSll=(HGﬂ(0)-HGA‘(1l)*0.€+HG£f(1)-B(1)
1120 IF UV(0)<=0 THENUY(Q)=0:]} UV(3] )<=0 THFNUY(311=0

1125 FORR:ITOS]:UNR):HUH;‘»Il-U\(Oi)/32)“R4U¥(0):NEXTR

1130 1} £G>-15 THEN1150

1135 VI:(NGHSI-HH;‘Hl"O-JBbG:&S:(HCMS!-B(S!)“0-3856: W= VS=%{)r32

1140 "FORR=1TO31 : YRUR I=VI*A+ v L:nFX{R

1145 1} VR(0I<=0 THEN WR(0)=Q: [} YRI31 V<=0 THEN \R(3131=0

1150 RETURN
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PROGRAM *=S%
S84 SPIKE DATA COLL®CTION

D UM wlD1a e BXUB01393192(S+4 a0 08304 p UV e A1 )y ¥FAHXI30 s UI2EI1RPIZEY 47T
(2o At 25}

€ [=0:2=02t4Ll=0:AY=0

7 PunnsQ o200 R ANXLR)I=0aT ATR

18 aS=lUpid)

11 wuTlg» o

12 AL=ALi+l

15 FOAP=0 101500 X

20 L=IN2(SIANDLSs TRL=0IFENZD

25 Cho:prldT “4 pdud - 5 3C*uS FACn"™

27 PRPIATHI128) 08747 1rrIuTITI138) 2266+ 4™t PRENTE( 141 » 654" 1PRINTP (158 Vs 540472
rlns 1EBY e "BB.4"

160 rohb=0TO04: F)AM=0T04:0UTID W M PAINI TS0 4+ 1 GOSUALIN00: BOSLBI0 W PHINTR 192+ 647N +10®
MIs &luv k) S GUSUBR0G3:aRLiNsN

165 rORR=0104:S4tFI=0aFX{R

170 PORA=0T04 2 FURS=1 [OOSR n t=omin )+ X{o~1 et} BGL A ¥=SMI Y/ NEXTSHR

172 BORK=0[{04: PRINTE(S7E+10*R e CLdTIBG ) P n I=CDRLISGIHY YN EXTR

173 Lerluf Cand{10):LPaliT “BACKGHOUNHLS®sLPRINT “AB(11767.4%; fABI 7I™8€.4" iTAB(13)~us
473 AB(1HI"E4.3" L IABIZ3)"63.47 BORS=0 L4 Lrndal TADILIAINS0Y I LARI 7) XY+ 4TAR(]
B3I 2T IABUI9IX (s 3)3UuASBELDIR(Neg NEXTN

174 PIXE 14312,13:LPRINT TABI1ICINTENC(OIISiABI 2ICIITIBGI1VISTAB(13ICINTIBC{2))3TARL
19)C Lkt oGS IABI2BICINTIBGI4 12 Ld=0

179 Prlala=1sALsCluT(RGIOI I CTATI3GUI NI CLL T OEC I b e ClualBGE VY0 Clasl2G14))

162 OLI10+8:,T00:06 3102204807100 310+108510P 201104112 0i0P:0J110912:310P:0=0

1838 [WPUC “vU2hix OF PTAK SCANS DFSIAFD? 1=19 2=20"3J

104 JL=4

185 GOSU3400 - :

191 INPUT™LY 10U siSH ANOTHER 10 PRAK SCANS? L=[{ES 2=NQ";V¥

192 =i+l

193 POAR=0TOZ:UGE(RI=PG#IRIINFLAIR

194 [FK=2[HEN10 B

106G PORY=201092 URUS0 VA LIPYQI=L(Pe Q) sNEXTOWPIL=]

18 DSUBANG

200 1EX=11%FN10 . '
400 di=iwp(0):o0TIN.W8 '

405 FOKP=0TI1500:5FX1P ~

410 L=INP(9)ANDID: [EL~0 1BENE10 i .

412 Ar=AY#1 .
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420 CLS$PRINT*ISOTOFE DILUIION RUN Q% - S PEAKS - 10 SCANS EACH™
221 r:d&l3!129)"‘5%88“‘??&1\'1‘3(111h"SRB'P:PRHTa(l&S)v'SﬂBS“:P‘(mT@(166)-"&385"
$PEINIR(177) s "SRB4™
430 FOnuDTOS: $OKY=QTO4: OUTLO ( V+81: PRINTS50,0+1 5 GOSUB1000+ COSUB1075s PRINT(192+€4°U
+ 129910110, Y ) COSUB2040 2 HEXTY 1)
440 PUKE 14312+13:LPRINT TABC1)"RUN™iTAB(41Q5TARC PI"(PEAKS )" LPPINT TAB(2)"SKBE"iTAB
{ 12)%SRB7"; LABI22)"SHSE" 3 TAs( 32)"RBAS™iJAR(42) " SRE4" 2 FORU=0 FOQ: LPRTNT TAB(1)1( Uy
013TABEII Y (0 1 5 TABI21 1Y (Y25 TABIII 1Y (Us3V3TABI Q1D YE Ur g ) sNEXTY
. 141 FORU=0TOSS PRINT#=1+AY+Y(UsO X IUs11sY{Us2),YIUe3)sYIU,422BEXTU .
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. . .
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. . .
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1320 DA1A 1‘53085-1411:'!&:1?10101?-40721o144W3:lP?FlolOOQ-40908n1447q1-14
2 329182E0+1012,40853+144788014204+181€64100 71 40F34+1440558+ 14185, 1628641010+40903

1325 DALA 1440869142439 1834€1100C940S894130074+14240+13323+ 10104408 7B+144 730014
251 212250, 10081400873+ 145597+ 142€1 1 184C1 10051410050 1403594114269+ 163€4+1011v3110
P . .

"1330 VALA 136261+143701E6020+1010+41420+1460

=3¢ LBLO 7010079415529 1471 700 l“-b(v18(28|1006-41807'I‘:79789143240187‘00101004180 :
3 1148017114544 107133006, 21 74€ *

1335 LAIA 147711 0145224186184 1017+41207+ 14E6204145€91184€C3+1004+441219+,14€340014
37 1AL 10109512759 1461449143700 185404100 7041307y 1461200143710 1651601008941420
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RUBIDIUM ISOTOPE DILUIION PROGRAN

1 TROFP . .

2 INPUT "CONCENTRAYION OF RB8? SPIKE SOLUTION(PPX) =~;CS .

3 INPUT "#EIGHT OF RB87 SPIKE SOLUTION ADDED(GRAMS) a™iwR

4 INPUT =wEIGHT OF SAHPLE OSED(GRAMS}) =ci

5 DIM Pr(xo».ug.:s).ugmmnzo).m.uxt:so).umzs:.umzs;.xmzs).nuzs)

6 T=0:Q=0 *

7 FORS=0TO20:MEANX{R)=DsNEXTR

8 PRINT “FOR RB ISOFOPE DILUFIVN RUNS SET THE ACCELERATING VOLTAGE FOR NASS &9. .
THE FIAST FISLD OFFSET IS KRESERYED FOR R387 AND THE SECOND FIELD OFFSET IS FOR

R B3S. IHE THIHD OFFSET IS SED FOR MASS 83.~

9 STOP -

10 RS=INP(Q)

11 OUT10s0C

15 FORP=0T01500:NEXTP .

20 L=1NPlGIASDLS: IFL=0THEN20

25 CLS:PRINT "4 BLGS - 5 SCANS FACH” N

X Gu=0 . )

160 FORN=0T04: JOKN=0T03:0UTL0+K: PRIET50+X+1: CISUB1000: ..osusxommmrausaevsﬂe-

M 1 XIN+N):COSOB2095: NEXTH N

165 'FOUR BACKGROUND POSITIONS ASE COLLECTED AT HASS 88:4+ 864> 84-4, AND 82.4

169 ¥IORR=0T03: bH(R)=0 HEXTR

170 FORR=0T03: IORS-!TOS!SH(Hl=SH(R)+X(S-1vuJ BG(R):SH(R)/S NEXTSsR

172 FORK=0I03:PRINIB(57€+16%R)1+CINT(BGIR) ):PG#(R }=€DBL(BGIR)):SEXTIR

173 LPRINT CHR$(10):sLPRINT “BACKCROUNDS™:LPRINT PABI1)"88.4%iTABI8)I"86.4"TAB(L

5 1"84+4" ;3 TAB(221°62.4" . *

174 FORN=O0TO3:LPRINT TABCLIX{N+O)iTABISIX{N+1); PABIISIXIN,2)3TABL22)X{NsSIINEXTHIPOK
E 14312+13:LPRINT TAB(1ICISNTIBGI0213TABISICINTIBC(2 I TABIISICINT(BGI2)13TAR(22)

€ IATEBG{51):U0=0: GOSUB700

180 PRIN1#-1 oCIHT(BG(O))-cIKT(BGIl))vC!NTlBGlZ)l-CIﬂT(BG(SD) '
182 00110,945T0Ps0U110510:STOP:J=0

183 INPUT "NUKBRR OF REAX SGANS DESIRED? 1=10 222073J

184 JK=J:COSUB400

191 INPUT=DO YOU wlSH AHOTHBR 10 PEAK SCANS? 1=YES 2=N0"iK

192 T4 .

193 FORR=0TO3:UG¥(RI=PC#(RI:¥EXTR

194 1FK=2THES10

158 GOsSUB400 - -

FA4

{200 JFK=1TEEN10 " . ] ,

400 RT=I14P(0)20UT10+9 o,

405 IORP=0TO1500:HEXTP . :
410 L=IN2(9)AND15: IFL=0 THEN410 s

420 CLS:PXINT®RB ISOTOPE DILUTION RUN - 2 PEAKS - 10 SCANS EACH®

425 PRINTR(1451+TRBE7":PRINTRI161 ) s "RBBS™

430 FORUxQTO9: FORV»|TU2:VUT10 Y482 anntsoz.u»ucosuamoo:cosum'rs PRINTR 192+64%0
+16%V1e7(Us ¥ )1GUSUB2040: HEXT YU

433 'DATA FOR Tw0 RB PFAKS ARE COLLECTED AT MASS B7LOUT10.9) AND 85(00T10.10)

440 POKE 14312413:LPRINT TAB(11RUN"ITA3(4)Q+1iTABI 7)"(PEAKS)":LPRINT "RBB7"“RB85":
FORU=0TOSILPRINT Y{Us3 1o X1Us21:NEXIC -

445 FORUROTOSEPRINT#~1+Y{Us1 1+ YIUs2124EXTU '

450 1FJK«1 THEN4DO .

. \ .
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e
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-

455
450
470
490
Q0
&5
Q0
&5
Gy
a0

137

IRK=2THENGOSUB620 ELSE470

1R =2THEN400 ) . '
TRIK=1 THENGOSUBEO0O | :

RETORN ' ’ :
map-oros-waon;oz:up.o»-up.oussxm.y

"RETORH .

FORG=0TO09: FORH=1TO2: w{ CoB)=Y(Co H)2 HEITH»G JX=1 .
RETURH . . -

IFT=0THEN RETURN : :
QmQ$1:PAL0 1288+ 442 P 1 )86 4N PH([2)=B4. 4#'pv(:s»-ea.4e'runxu-on SUNY#=0¥ 3 STY#=0%s

FPVXa=0#: SIMXH¥=Q#t TIHXS=Q0 ¥ UIKXA=ON

A1
a2
a4
20

35
0
=0

IF J=1 TEEN COSU31680 '
IHU=1 THEN COSUB1S6€0 .

1F J=2 THEN GOSUB1500

'SUBROUTINES 15001560+ AND 1680 CALCULATE BASELINE DATA FOR 10 OR 20 SCAHS .

FORR=0T03: H###:GOSUB&OOOWFXTR
GOSUB4030 |
‘LINE 800 I.HIEBPOLATES BETWEER PEAK DATA AND MAKES BACKGROU-D COBRECT!OHS T

0 ALL REAL AND INTERPOLATED FEAK DATA

o

€00 FORR=0TOBTPXIE)=({IY(R+1+1)=Y(Re1))/24Y{Ry1 ) )-HVIR}:PAIRI=Y(R+1+1)}=NTIR):PVIRI=
Y{Re2I~ES(R12PBURI=LLIY(R+1+21=Y(Re2)1/2)4Y(R.2) )=NR(R}:NEXTR

@3
&4
08
ao
pa)
as
&35,

‘LWF 803 CALCULATES THE RE87/RB85 RATIO

.

FORR=0TOS: LN(R }=PX{R)/PV(RI:LML K )=PA(RI/PBIR):NEXIR-

}ORR=1T09:LO{R)=LOIR~1 I+ LU(B~11+LK( R-1 )z HEXTR

LO=Lu(91/18

*LINE B15 CALCULATES THE BB CONCENTRATION(MN) FROPFIK"‘ A¥ERAGE 87/85 RATIO!

N=l Cb‘ll'l‘85‘467?)/860 8971 191 10.994=1LQ20.0061 }/( (LQ*0. 721 71~0.2783) ) }/1T
CLS:PRINIR(2),=87/85 RB™:PRINTIP(13),"87/85 RB":10ORR=]1TO9: PRINTR( €4*R)sLE(R~1)2PR

Ih‘Iﬁ(Eé“R+14hLH(3 1):HEXTR

- 838

_(u

o3
&4
B2
=5
213
81?7
23]
69
&0
0%}

LAOHINT CHRS$(101sLPRINT TAB(Z)“RB(B?/BS)";TAB(15)"33(8?/86)'°PORR=0T08 LPRINT TAB
LN{R};TAB(15)LH(R):NEXTR .

MEARX(Q1=LQ . .
»“HUMBER OF BATIOS USEDB ="IX, 4
2:PRIRI=(LN{RI-NEANX(Q I I 2:NEXTR

FORR=: 109 PLIRY=PL{R=-1 J+PNER-1 J+PH(R=-1 2N EX’?§ .

PP={PL{9)/17)(0.5

170>=2THENO00 .

1F PP<0+0015 THEN XX=18 ) . . .
L¥PP>0.0015THFN COSUE1200

PRINIZ(641),"NFAN RBIS7/85) FRATIO = “LQ:PAINTR(675Le"STD DEV = 'PP:PBI‘IT@(’?
+*KB CONCEHTRATION = “HU:PRINDI{ ?69)+“NUKBER OF RATIOS USED IN MEAN CALCULATI

oN = =XX

&2
et 24

" MEA

LPRINT CHRS(10):LPRINT TAB(1)“MEAN RB(87/85) RATIO = "LO-TAB!32)“S‘ID DEV =
SLPRINT TAB{1)%RB CONCENTRATIOW = "NN:LPRINT TAB(1)"JUMBER.OF RATIOS USED IN
d CALCULATION ="XX . )

00 HBIQ)=KBIA-1 I+NEANXIQ)
05 SFANX=RB(Q}/Q

A0 RALQ)={NEANXIQ)-SEINX){2

915 RE=HCH+RACQ} . -
@4 130<2TBENG36 .
25 NT={RC/{Q-13}(D.5 .

EE,
®7

ILF PP<0.0015 THEN XX=18
IT PP>0.0015 THE® GOSUBL1200 '

S50 PRINDI 64019 =TOTAL STATS! “:PRINTA(G52),Q*102PRINTHM €561+ 1" PRINTM E7L)
o "10 SCANS ONLY™:PRINTR(?04)."AVERAGE RB(B?IBS)-"SLANX.PRIHTQ(755)."!(EAH RB(878
5 I1==LQIPRINTI7€81+ "STD DEV="NIIPRINT2 7991,°STD DEY="PP
= 1 PRI.‘II‘Q(&SZ)"RUBIDIU\ CONCENTRATION =“NN:PRIt=y"NUHMEER OF RATIOS USED
=*XX .

()
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]

932 LPRINT THRS(101:LPRINT TAB(1)=TOTAL .STATS(*3AB(13)Q"105TAB(1 7)=SCANS*3TAB( 2217 )
“iTAB(25)"10 SCANS ONLY":LPRINT TAB(1)"HEAN RB(87/85)="SEANXiTAB(25)"MEAN RB(87/

8 5)=LQsLPRINT TAB(1)=STD DEV ="HT;TAB(25)*STD DEV =*PP:LPRINT TAB(1)"NUMBER' OF
RATIOS USED="XX .

53 LPRINT TABU1}"RUBIDIUN CONCEXTRATION ="ii .

936 T K=2THENO41 A

&57 FORP=0T09t FORO=1 1022 t(Ps01=Z(P+0 ) 1KEXTO P~

B K=2:5TOP . ——

S59 1FK=2THENTO0 . - .
941 1FJx=) THEND4Y

042 FORC=0T09: FORE=17022 Y{GoH )=l Go R} sNEXTH» G2 J-lfSTOP . o

943 1FJ=1THENZ00

949 IF I=1 THENGSO

950 INPUT *DO YOU ISE T0 RE-CALCULATE TOTAL srarxSr:cs EXCLUDING RUNS OUTSIDE

A 99% CONFIDENCE INTERVAL? 1=YES 2=40<iP i

61 IF Pe2 THEN 990 Y -
62 XE=01 ax0iREw0s ZEn01 X=1 10201 SP=0 .

63 FORE=1TO26:NPLR 1=0:NEXTR

65 CLS:PRINTR(10)."NEANS WITHIN A 99% courlnzscs INTERVAL® tPRINTQ( 761+ “RUN#=2:P

R INT2(92)+ "RUN#": PRINTR( 1081, “RON#* —

556 LPRINT CHRS(10):LPRINT TABl1)"MEANS aITHIN A SS% CONFIDENCE INTERVAL®

960 FORR=1T0Q

965 IT MEARL(R)2=(SEANI-0.-0021AND NEANKIR)<n( SEANX+0.002) THEN GOSUB3000: .

R NEXTR .

o5 1F B>1 THEN GOSUB3030

G40 PRINTR( 6441+ "KEAK{B7/86)i=" ZTANX:PRINTR( 6801, ~STD DEV=*PT

$62 LPRINT CHRS(10):LPRINT TAB(1)"MEAN(S?/86)I="3TAB(1412EiTABI28)"SID, nzv--:ra
B(33)P1 R .

S50 RETYRM - .

98 *SUBROUTIMES 1000+1070,1075 CONVERT THE BINARY SIGHAL TO DIGITAL FORM

1000 L~1xP(9) ABDIS:IF Lm0 THEA1000
1010 A=INP{0) AKD 15

1020 B=INP(1) AND 15 ° .

1030 C=INP{2) AYD 15:1F C=15 THEH C=0
1040 D=INP(3) AND 15:[F Dx15 PHEN D=0 .
1050 E=INP(Z) AND 15:1F Ew15 THEN Ex0 e .. a
1060 P=INP(S} AND 15:1F Fa15 THEN }=0 }

1065 REIURN - )

2070 X(UsM)=A+10*B+10(2%C+10{3*D+10{4*E+10(5*F

1072 EETURN

1075 Y{Us¥)=A+1095+10(2°C+10{3*D+10(4*FF10(S*F

1080 RETURN
1099 STOP
1200 FORF=1TOB:KU(F1=Lyt F=1):HUL F+B8)eLN( P10 mr

s

P S P

[

.

1205 TT>Q

1206 FORF=1T025: JPH 1=0 s NEXTF
1209 XX=0:YC=0: DR=0:NR=0
1210 FURF=1TO25 ' )

1212 1F SUCFI<(XEANX(IT+0.00244D HU(F)NHEANX(I‘T) 0.002) THEsR GOSUB1200:

214 NEBXTF

»

1220 1ki>1 THEN1320

1300 XX=X

1305 EP(XFT=HU( FY

1310 DR=DR+NP{XX)

1312 MR=DR/XX
1315 RETURM

1320 FORR=1TOXX2VCx¥C+{(NPIRI-KRIC2) e RIIN

»

1321 IF X4>15 THIN1332
1322 IF Q»1 THEN135D

1323 TT=(Q-1)

tanwantl |

1324 1} aw=l TBZH1Z06 .
1327 1F Q=1 THLN1332
1332 NEANX{R)=NR .

1350 REIURN
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1500 -
1530
1560
1570
1680
1690
_1700
1710
1720
1730
1740
1750
1760
1850
1860
2038

: sNFXTR
23;1830‘1'0321'(0"RllPG'(R).NbﬂR)-l (PG¥L Rl;BGC(Rl )IZI?UGHR) NE
Foxa-oTOSSHGJlR)‘NG‘(RHBGNR)‘UG’IRH:‘ EXTR .

03 K
?gg.un'o rOa.ut}d(R-l-\lc!( r) !AG“ RI=PCH{R)ISHEXTR
RRETURN i . . . ‘ .
IF K=1 THEN1850 - i

1750 * . . "

:;REE’O.'}U:??G#( RI=KGYIRISNCH{RI={ {PCHL R)I-UG#IR) /D )+OGHI RIINEXT
UU=}
17 Qu=1 THLUISEO
TORR=OTO3SMGH{R 1=HC#{R1:NC#IR )=GC#(R1:NEXTR
IF UU=1 THEN1860 N .

FORR=0TO3: MGH{ R )=PCH{RI S NCH{ R )=t ( { POH( HI=UGH#(R) )'2)/3“!}0#( R):NEXTR
RETURN . -

*SUBROUTINES -2040¢2100,2130¢ AND 2080 TEST FOR ANOMALOUS PFAX AND BACKGBOU

¥D DATA AND RE-COLLECTS DATA IF¥ NECSSSAHY

2040
2050
2060
7
2080
285
090
295
200
2110
220
2130
240
aso
00
99
10
12
313
014
215
16
18
Nig
020
2025
026
.30
P35
2040
X045

*2050 RETURN
30€0 O=l

0

2080 RETURN.
4000 SUNYW=SUHIA+HMGH
*PX(R))ISIKX#SIN

OX

IF U<l 1HES RETURN .

IF Y(U=1s30<{ iUy VI=0+15*Y (U2 V)1 THEN 2080

IF Y(U=2oV )<t YIUs VI=0.15%Y{Us¥}) THEN 2080 * ‘
RETURN

G=U-1 . .
V=0 . = ’ S
RETURN

1§ H<i THEN RETURN

IF X(E~1oH)I<{X(NN)I=0.15*X{Ns M) THEN 2130
IF X(E=1sM)>1X(8sH)+0.15%X{%»%) )THEN2130 - -
RETURK ° , .

N=j=1 . . -
M-y

RETURN .

LTS ST .
UF( )=l .
AP(MI=KEANX{R) . - ’ L
o‘o+1 - - . .

17 O=4 THEN GOSUB30&D ° ’
PRINTICX*64+10%16~4 1464 )9 R2 pama(xwuon&su-usuxw; ' .
IFSP<4THEN3018 .

POXE 14312,13:5P=0"

LPRINT R* “MEANX(R)s: Lo
SP=SP+1 . . 3
IE=XB+aPt ¥) ’ .
ZE=XE/R - . T :

RETURN : .
FORR=110hsRE=RES ({NPIKI-LZE}(2): NEXTR

1F w*{a=2)<1 THEN3050 * i .-
e'r-f»as/uummm 5 ) ‘

SEANX=ZE ) -

X=X+1
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4020 SLPX=f FUNX#=( (SIKXASORTS LALH) )/ (TINXN~(OIMX¥/9 ) 13 VLKl FTXN=(( STHXN*SVI#)/¥¥) ) ..
Z {TINXO~CUINXE/NY ) 33 THT X! (smxv‘suuxn-( SUMY*TINX#3 ) /4 umxv-mx-:mxn ) mv'rx-( <o ‘3
©~{ SIMKESFYX®)~{SYYNDINK®} 1/ (UIMXN={ KRS TINKN )] . '
402% RETORY i
030 IUAR=1T03 srsazmn)-st.pmee-nurux:mm)-vmx-(ae-a MIVEX: TALR b= BLR1I-0YCR) 3/ 4
1 8INEXTR C .
4040 Nan-moeruual-uumx'auunuu:urtm-uumn'2+21+nwuxua(mkm:s)-(n'al K
Y+HVIZIINSIRInVALSIR(R®2+2 )4+ MV 3) s N BXTR 3
4050 REIURN -« . . . :
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