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ABSTRACT 

Rb-Sr whole rock analyses of six two-mica granites in northern New England yield whole rock Devonian and 
Carboniferous crystallization ages: Chelmsford granite - 399±6 Ma; Effingham granite - 319±13 Ma; Fitzwilliam 
granite - 383±6 Ma; Hooksett granite 400±7 Ma; Sebago granite - 335±6 Ma; and Sunapee granite - 364±5 Ma. 
Rb-Sr mineral ages of the Effingham (263±4 Ma), Fitzwilliam (326±15 Ma; 267±12 Ma), and Sebago (268±9 Ma) 
granites confirm a Carboniferous to Permian mineral resetting event in northern New England as observed in other 
studies. The Chelmsford (0.7102±0.0009), Fitzwilliam (0.7090±0.0005), and Sunapee (0.7133±0.000~ granites yield 
the highest initial 87Srt86Sr ratios and are the only granites among those investigated to yield initial 7Sr/86Sr ratios 
>0.708. The other ~ranites, the Effingham (0.7048±0.0006), Hooksett (0.7066±0.0013), and Sebago (0.7048±0.0006), 
yield initial 87Srt8 Sr ratios that fall within the range reported for I-type granites. This latter group of ~ranites 
crops out in the central portion of the Kearsarge-central Maine synclinorium. The distribution of initial 8 Sr/86Sr 
ratios suggests a geographic trend in northern New England, with initial 87Sr!86Sr ratios> 0.7085 obtained from 
granites that were emplaced immediately east of the Bronson Hill anticlinorium (Fitzwilliam and Sunapee), or 
southeast of the Norumbega fault system (Chelmsford), while the granites of the central part of the synclinorium 
yield initial 87Sr!86sr ratios <0 .7066. 

Oxygen isotope data for the Chelmsford ( + 10.5to+12.6), Fitzwilliam ( +8.6to+11.1), and Sebago ( + 7 .5to+11.1) 
granites imply the involvement of a source or contaminant subjected to low temperature alteration in the generation 
of at least these three granites. Petrography and the available CIPW norms are consistent for the granites of this 
study and yield peraluminous characteristics (primary muscovite and biotite; corundum-normative). The low initial 
Sr ratios of the central Kearsarge-central Maine synclinorium granites, however; suggest that a Rb-depleted source 
is more likely for these granites than the Rb-enriched source indicated by initial 8 Srf0 Sr ratios for the Chelmsford, 
Fitzwilliam, and Sunapee granites. 

INTRODUCTION 

Analyses of the Appalachian orogen with regard to its 
tectonostratigraphic terranes have stimulated studies designed to 
assess the possibilities for discrimination between the crust
basement packages that have been identified by geophysical and 
geochemical examinations throughout the Appalachians (e.g. , 

Ando et al., 1983; Ando et al. . 1984; Brown et al. , 1983; Stewart 
et a l. , 1986; Williams and Hatcher, 1983; Zen, 1983). Recently, 
lead-isotopic data collected by Ayuso ( 1986) from Devonian 
granites and country rock in Maine, and oxygen and strontium 
isotopic data collected by Andrew et al. ( 1983) from granites in 
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central and eastern Maine have demonstrated that isotopic dis
crimination between basements or granite sources in Maine is 
possible. 

The purpose of this study is to consider the petrographic, 
Rb-Sr and 0 isotopic, and other geochemical characteristics of 
some two-mica granites of the Kearsarge-central Maine 
synclinorium of northern New England in light of the types of 
studies discussed above. Included in this study are the Sebago 
granite of southwestern Maine; the Effingham, Fitzwilliam, 
Hooksett, and Sunapee granites of New Hampshire; and the 
Chelmsford granite of northeastern Massachusetts (Fig. 1). Pre
vious Rb-Sr isotopic work pertaining to the Lyman granite of 
southwestern Maine (Gaudette et al., 1982) will also be included 
as the Sebago and Effingham granites appear to be closely 
related to the Lyman granite spatially (see Fig. I) and 
petrographically. The characterization of these granites and their 
source(s) has tectonic and petrogenetic implications for the New 
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England region, as well as significance with regard to fundamen
tal questions of mantle-crust interaction dynamics. 

GENERAL GEOLOGIC OCCURRENCE, 
PETROGRAPHY, AND GEOCHEMISTRY 

The plutons examined in this study crop out within the broad 
lithotectonic province known as the Kearsarge-central Maine 
synclinorium. Major northeast-trending faults suggest general 
east-west divisions within the synclinorium to which the granites 
may be relegated (see Fig. 1). Thus, the Chelmsford granite may 
be described as occupying the most southeasterly of these 
divisions, a zone that lies northwest of the Clinton-Newbury 
fault and southeast of the Flint Hill and Nonesuch River-Norum
bega faults and the Massabesic anticlinorium. The Hooksett and 
Lyman granites occupy a zone northwest of the Nonesuch River
Norumbega fault and southeast of the Concord tectonic zone. 

1 

GENERALIZED GEOLOGIC MAP 
OF NORTHERN NEW ENGLAND 

LEGEND 

-·-·-Major faults: 
1 - Norumbega-Nonesuch River-Flint Hill 
2 - Clinton-Newbury 
3 - Bloody Bluff 

• • Axes of tec tonic fea tures: 
BHA - Bronson Hill anticlinorium 

KCMS - Kearsarge-central Maine 
synclinorium 

CTZ - Concord tectonic zone 
MA - Massabesic anticlinorium 

Other Features: 

CVGS - Connecticut Valley-Gaspe 
synclinorium 

CLB - Coastal lithotectonic belt 
,tZJ -Plutons of this study 
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Figure I. Generalized geologic map of northern New England plutons of this study. Chelmsford {C), Effingham (E), Fitzwilliam 
{F), Hooksett (H), Lyman (L), Sebago (SE), and Sunapee (SU). 
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The Lyman granite is actually cut by the Nonesuch River
Norumbega fault on its southern end and may be slightly offset 
by the fault (Gaudette et al., 1982). The Effingham and Sebago 
granites lie to the north of an eastern extension of the Concord 
tectonic zone, east of the axis of the Kearsarge-central Maine 
synclinorium, while the Fitzwilliam and Sunapee granites crop 
out to the west of the synclinorium axis and immediately to the 
east of the Bronson Hill anticlinorium. The exact nature of the 
basement(s? ) underlying the Kearsarge-central Maine 
synclinorium is unknown, with both Gander- and Avalon-type 
basements being suggested as possible candidates (e.g. , Wil
liams and Hatcher, 1983 and Lyons et al. , 1982, respectively). 

Nielson et al. ( 1976) and Hodge et al. ( 1982) detennined 
through gravity studies that the two-mica granites of New 
Hampshire and Maine are thin, sheet-like bodies, having thick
nesses of up to 2.5 km. These granites are generally massive and 
homogeneous in their centers and become more dike-like toward 
the outer perimeters. In most cases the granites may be described 
as pristine. Pegmatites and xenoliths of the surrounding country 
rock are associated with the two-mica granites near the zone of 
contact with the country rock (Fowler-Billings, I 949; Chapman, 
1952; Billings, 1956; Virgin, 1965; Gaudette et al. , 1982; 
Hayward, i 983b; Aleinikoff et al., I 985). 

All of the granites of this study intrude high-grade metamor
phic rocks. The New Hampshire granites intrude Paleozoic 
metasediments of amphibolite facies (Billings, 1956). The 
Sebago granite metamorphosed and defonned the sediments into 
which it was emplaced. These sediments are of medium to high 
rank amphibolite facies. The Lyman granite intrudes metasedi
ments of low to medium amphibolite and epidote-amphibolite 
facies (Osberg et al. , 1985). 

Additionally, many of the two-mica granites of northern 
New England crosscut the three older members of the New 
Hampshire Plutonic Series (Billings and Keevil , I 946; Chap
man, I 952; Billings, 1956; Lyons and Livingston, 1977). The 
Spaulding, Bethlehem, and Kinsman intrusive suites comprise 
the three older units of the New Hampshire Plutonic Series and 
were emplaced during the Acadian tectonic event. The two-mica 
granites of this series have been grouped together as the Concord 
intrusive suite (Lyons et al. , 1982). The intrusion of the two
mica granites was post-tectonic (Fowler-Billings, 1949; Bill
ings, I 956; Lyons and Livingston, 1977; Lyons e t al., 1982). 
Tho ugh there are mine ralogical similarities between the in
trusive suites. they do not represent a di fferentiation series. Use 
of the New Hampshire Plutonic Series tenninology in this study 
is strictly historical. 

The primary mineralogy of the granites of this study con
sists of quartz, potassium feldspar (almost invariably microc line 
that can be perthitic in texture; rare ly orthoclase), plagioc lase 
(An3-28), biotite, and muscovite. Primary muscovite ranges 
from one to twelve modal percent and has been identified ac
cord ing to the crite ria established by Miller et al. ( 198 1 ). Acces
sory minerals vary in occurrence and can include garnet, 
magnetite , ilmenite, rutile, titanite, apatite, a llanite, monazite, 
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Figure 2. Q-A-P modal compos ition plot of the two-mica granites of 
this study. Q-A-P diagram fields: AFG= alkali feldspar granite, G = 
granite, GD= granodiorite, T = tonalite, QAFS = quartz alkali feldspar 
syenile, QS =quartz syenite, QM= quartz monzonite, QM-G =quartz 
monzo-gabbro, QD/QG/QA = quartz diorile/quartz gabbro/quartz anor
thosite. 

and z ircon. Secondary muscovite is a common alteration 
product of plagioclase, commonly oriented along the twin lamel
lae and cleavage planes. Epidote, chlorite, and carbonate are 
also typical secondary minerals in these granites. No geographic 
patte rn in modal mineralogy has been disce rned for these 
granites. 

As can be seen from Figure 2, a Q-A-P modal composition 
plot (Streckeisen, 1976), the granites display little range in 
composition. Published (Billings and Wilson , 1964) and un
published (U.S. Geological Survey, courtesy of E. L. Boudette, 
1983; H. E. Gaudette and J. Wilband, 1984) weight percent 
analyses and CIPW norms of some granites of the Concord. 
intrusive suite are provided in Appendix I. With the exception 
of one sample, E460, all of the analyses are corundum-norma
tive. Primary muscovite and biotite are present in the modes of 
a ll of the granites and this result is therefore not surprising . The 
C IPW norms are mi sleading, however. Annstrong and Bo udette 
( 1985) discussed the inadequacy of the C IPW norm to charac
terize two-mica granites as a result of the absence of normative 
micas in this system. Indeed, nonnati ve hype rsthene and diop
side, among other normative minerals, appear in some of the 
ana lyses in spite of the fact that they are no t mineralogically 
present in the rocks themselves. Thus, the primary mineralogy 
of granites provides a more accurate characterization of the 
granites than do the C IPW nonns, as has been advocated by 
others, notably Mille r ( 1985). 

Chappell and White ( 1974) recognized two d ifferent granite 
types in the Lachlan fold belt that could be discriminated on a 
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geochemical basis in terms of source material. These two granite 
types were designated S-type, implying a sedimentary source, 
and I-type, implying an igneous source, respectively. These 
designations correspond roughly to Ishihara's ( 1977) ilmenite 
(S-type) and magnetite (I-type) series. 

Two-mica granites often exhibit a number of characteristics 
that have been ascribed to S-type granites including mineralogy 
and isotopic signatures. The genesis and evolution of two-mica 
granites, however, present a number of problems to inves
tigators. For instance, the initial Sr ratios determined for some 
two-mica granites in New Hampshire and Maine are surprisingly 
low (<.707; Gaudette et al., 1982; Hayward, I 983a, l983b; 
Hayward and Gaudette, 1984), implying that there was little or 
no involvement of a radiogenic 87Sr-enriched component in the 
genesis of these particular plutons. 

PREVIOUS ISOTOPIC WORK 

U-Pb* zircon analyses of the Chelmsford granite yielded an 
?07 206 average - Pb/ Pb age of 389±5 Ma (Zartman and Nadtlor, 

1984). This result is in agreement with the average 207PbJ2 6Pb 
age of 433±5 Ma obtained for the Ayer granite (Zartman and 
Naylor, 1984), a body that field relations indicate is cut by the 
Chelmsford granite. The results of Rb-Sr* whole rock analyses 
of New Hampshire granites of this study and the Sebago granite, 
and Rb-Sr mineral analyses for the Effingham pluton, were 
summarized in meeting abstracts (Hayward, I 983a; Hayward 
and Gaudette, 1984) and will be presented in greater detail 
below. Aleinikoff et al. (1985) determined an U-Pb crystal
lization age of 325±3 Ma from zircons and monazites from two 
whole rock samples of the Sebago granite, in agreement with the 
Rb-Sr whole rock age of 332±11 Ma obtained by Hayward and 
Gaudette ( 1984 ). 

The Sunapee granite, analyzed by Lyons and Livingston 
( 1977), produced two Rb-Sr whole rock isochrons, one yielding 
an age of 351±11 Ma with an initial 87sr/86sr ratio of 
0.7107±0.0009, and a second yielding an age of 323±3 Ma with 
an injtial Sr ratio of 0.7144±0.0004. The isochron that gave the 
younger age was derived through the omission of one 
granodioritic sample that plotted below the 351 Ma isochron. 
The Sunapee granite was included in this study due to the wide 
variation in age and initial 87Sr/86Sr ratio produced by the two 
distinct isochrons of the original study. 

The Milford granite has been analyzed isotopically by 
Aleinikoff et al. ( 1979). The zircon and monazite U-Pb data 
yielded an age of275±10 Ma. The authors reported the presence 
of two zircon populations in the Milford grarute and interpreted 
this finding as strong evidence that the granite was produced 
through crustal anatexis, possibly of the Massabesic paragneiss 
that the granite intrudes. 

* All U-Pb and Rb-Sr ages reponed or discussed in this paper have been calculated o r 
recalculated using 238U>.. = 1.55 125 x 10"'°/yr and 235u A.-9.8485 x 10·10/yr or87Rb1.. = 1.42 
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In addition to the two Carboniferous ages derived from the 
Sunapee and Milford granites, Gaudette et al. ( 1982) obtained a 
Rb-Sr whole rock age of 322±12 Ma and initial Sr ratio of 
0.7044±0.0009 from the Lyman pluton of southwestern Maine. 
This pluton has been chronologically and petrographically as
sociated with the Sebago and Effingham granites (Hayward and 
Gaudette, 1984). 

METHODS 

Fresh fifty kilogram samples of the grarutes were selected, 
crushed, and pulverized for Rb-Sr and 0 isotope analyses using 
standard procedures such as those outlined by Jeffrey and 
Hutchinson ( 1981 ). Minerals were obtained through a combina
tion of magnetic and heavy liquid separations. Sample digestion 
for Rb-Sr whole rock and mineral isotope dilution analyses was 
accomplished through the introduction of an HF-HCl04 mixture 
to acid-cleaned teflon capsules containing a known mass of 
sample that had been mixed previously with known masses of 
87Rb and 84Sr and evaporated to dryness. The acid digestion was 
conducted in a loosely covered capsule at atmospheric pressure 
and I 50°C on a hot plate for twelve hours or overnight. The caps 
were then removed from the capsules and the HF-HCI04 mixture 
was evaporated at I 50°C, and then completely dried at 200°C. 
After driving off the HF-HCI04 mixture from the capsule, the 
sample was further digested and converted to chloride form by 
the consecutive introduction of 6.2 N HCI and 2.0 N HCI. When 
chloride conversion was complete, the sample was taken up in 
1.0 ml of 2.0 N HCI. A calibrated volume of HCI was passed 
through Dowex 50wx-8 (200-400 mesh chloride form) cation 
exchange resin to separate Rb and Sr from 0.1 ml aliquots of each 
sample. The Rb and Sr separates were dried on a hot plate at 
I 50°C, converted to nitrate form, and then run on Ta filaments 
in a Ta20s-H20 slurry on the nine-inch radius, sixty-degree 
deflection, Nier-type solid source mass spectrometer at the 
University of New Hampshire (see Hayward, l 983b for more 
details). Rb-Sr analyses of the Chelmsford granite and some of 
the samples of the Sebago granite were performed using the 
loading procedure of Popp et al. ( l 986), and therefore the Rb and 
Sr separates were simply dried and loaded as chlorides. Sr 
analyses were conducted for 40 cycles of data; 4 measurements 
of the 87 Sr;86sr ratio, and one each of the 84sr;86sr, 85sr/86Sr, 
and 88sr;86sr ratios per cycle were collected and averaged. Rb 
analyses were conducted for 20 cycles of data; 2 ratios of 
87Rbf5Rb measurements were collected and averaged per cycle. 

Whole rock and mineral ages and initial Sr ratios were 
calculated by the York ( l 969) least squares regression method. 
Mean standard weighted deviation values give an indication of 
the quality of the data for each isochron. On the basis of replicate 
analyses, the reproducibility of the 87Rb/!6sr and 87 Sr/86Sr ratios 
is better than 0.24% and 0.09% respectively, for the whole rock 
samples. Errors for age and initial ratio calculations are given at 
95% confidence interval (2 sigma). Oxygen isotope values are 
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TABLE I. Rb/Sr CONCENTRATIONS AND Rb/Sr, 87Rb/86Sr, AND 87Sr/86Sr RATIOS FOR WHOLE ROCK SAMPLES. 

Pluton Rb Sr Rb/Sr 87Sr/86Sr 87Rb/86Sr Pluton Rb Sr Rb/Sr 87Sr/86Sr 87Rb/86Sr 
(ppm) (ppm) (ppm) (ppm) 

Chelmsford Lyman 
JAH8521 293 47 6.30 0 .8148 18.40 LY- I 154 316 0.49 0.7106 1.39 

22 252 82 3.09 0.7613 8.97 2 295 133 2.22 0.7339 6 .33 
23 294 75 3.93 0 .7764 11.45 3 226 123 1.85 0.7291 5.27 
24 228 68 3.34 0 .7656 9.72 4 318 95 3.34 0.7480 9.55 
25 244 60 4.07 0 .7764 11.85 5 220 301 0 .73 0.7133 2.08 
26 234 65 3.58 0.7702 10.43 Sebago 
27 287 91 3. 16 0.7626 9.17 UNH 464 245 119 2.06 0.7333 5.98 
28 272 94 2.89 0.7577 8.42 465 284 306 0.93 0.7177 2.69 
30 277 99 2.79 0.7561 8. 12 466 311 76 4.09 0.7612 11.88 

Effingham 467 187 320 0.58 0.7128 1.69 
UNH 289 298 239 1.25 0.72 15 3.62 469 299 233 1.29 0.723 1 3.73 

290 274 236 I. 16 0.7203 3.38 JAH85161 262 243 1.08 0.7220 3.13 
291 276 235 I. 17 0.7203 3.41 163 288 119 2.42 0.7417 7.02 
292 226 271 0.83 0.7159 2.41 164 305 112 2.72 0.7432 7.90 
458 270 242 1.16 0 .7194 3.24 166 334 88 3.80 0.7572 11.02 
459 225 239 I.OJ 0 .7181 2 .98 167 267 154 1.73 0.7276 5.04 
460 237 239 0.99 0 .7174 2 .73 168 256 339 0 .76 0.7147 2. 18 

Fitzwilliam 169 259 349 0 .74 0.7139 2.15 

NH/MND I 206 142 1.45 0.7318 4.21 Sunapee 
2 209 141 1.48 0 . 7320 4.30 NH/SUNPl 142 85 1.67 0 .7387 4.85 
3 187 141 1.33 0.7301 3.86 2 136 71 1.92 0.7423 5.57 
5 220 119 1.85 0.7390 5.35 3 151 84 1.80 0.7405 5.27 
6 238 100 2.38 0.7463 6.88 4 151 106 1.42 0.7342 4.1 I 
7 235 46 5. 11 0.7864 14.21 6 184 51 3.61 0.7681 10.54 
8 232 129 1.80 0 .7380 5.23 7 210 44 4 .77 0.7849 13.75 
9 220 130 1.69 0.7358 4.92 8 210 43 4.88 0.7864 14.2 1 

10 213 132 1·.61 0.734 1 4.68 

Hooksett 
NH/SUNCl 286 53 5.40 0.7967 15.80 

age of 389±5 Ma obtained by Zartman and Naylor ( 1984) forthe 2 260 184 1.41 0.7302 4 .09 
3 275 59 4 .66 0.7838 13.65 same body. The samples analyzed for this study do not appear 
4 240 47 5.11 0.7929 14.76 petrographically to have undergone recrystallization, and the age 
5 292 52 5.62 0.7978 16.30 obtained is therefore interpreted as the age of crystallization of 
6 280 61 4.59 0.7838 13.48 the Chelmsford granite. 
7 257 52 4.94 0.7883 14.35 
8 222 77 2.88 0.7535 8.38 The Effingham Aanite yielded a Rb-Sr age of 319± 13 Ma 

and an initial 87Sr 6Sr ratio of 0.7048±0.0006 (Fig. 4a), in 
striking similarity to the age and initial ratio data obtained from 

given relative to standard mean ocean water (SMOW) and were the Lyman and Sebago plutons of southwestern Maine (see 
provided by Geochron Laboratories of Cambridge, MA. below). Mineral separates yielded a Rb-Sr age of 263±4 Ma 

(Fig. 4b). 
Figure 5a is the Rb-Sr whole rock isochron for the Fi tzwil-

ISOTOPIC RESULTS liam granite of New Hampshire. The age derived is well con-
strained at 383±6 Ma, with an initial ratio of 0.7090±0.0005. 

Rb and Sr concentrations, Rb/Sr, 87Rb;86s r and 87 Sr;86sr The Fitzwilliam granite crosscuts the Spaulding quartz diorite 
ratios of whole rock samples obtained from the granites of this which has been dated at 394±5 Ma (Lyons and Livingston, 
study are dif layed in Table 1. The Rb and Sr concentrations, 
Rb/Sr, 87Rb 6Sr and 87 Sr;86sr ratios for the mineral samples are 

1977). The isotopic results for these bodies are therefore con-
sistent with relationships observed in the field. The mineral 

displayed in Table 2. Rb-Sr isochrons are furn ished in Figures isochrons for two samples of the Fitzwilliam granite are dis-
3-8. Latitudinal and longitudinal coordinates are provided in played in Figures 5b and 5c. The mineral ages obtained for the 
Appendix II for each of the samples analyzed in this study. two samples, 326±15 Ma and 267±12 Ma, confirm a Car-

Figure 3 is the Rb-Sr isochron for the Chelmsford granite. boniferous to Pe rmian thermal event in southern New 
The nine whole rock samples of the granite i?;ield an isochron Hampshire as was seen also in the Effingham granite. 
with an age of 399±6 Ma and an initial 7 Sr/86Sr ratio of Eight whole rock samples of the Hooksett granite were 
0. 7102±0.0009. This age correlates well with the U-Pb zircon analyzed for their Rb and Sr compositions and concentrations. 
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TABLE 2. Rb/Sr CONCENTRATIONS AND Rb/Sr, 87Rb/86Sr, 
AND 87Sr/86Sr RATIOS FOR MINERAL SAMPLES. 

Pluton Rb Sr Rb/Sr 87Sr/86Sr 87Rb/86Sr 
(ppm) (ppm) 

Effingham 
UNH 458 1328 21 62.96 1.4311 194.64 

II 903 104 8.65 0.7913 25.27 
III 377 200 1.89 0.7267 5.48 
IV 95 224 0 .42 0.7121 1.23 

Fitzwilliam 
NH/MND3 I 961 13 73.92 1.7119 226.37 

II 155 22 7.05 0.8591 28.63 
lII 317 119 2.66 0.7487 7.71 
IV 109 142 0 .77 0.7230 2.22 

NH/MND9 I 958 18 53.22 1.3401 168.08 
II 148 16 9.25 0.8303 27.25 
Ill 186 333 1.79 0.7502 1.73 
IV 152 133 1.14 0.7299 3.32 

Sebago 
UNH465 II 1273 42 30.3 1 1.0678 91.18 

Ill 1132 112 10.11 0.8200 29.48 
v 881 106 8 .3 1 0 .7939 24.29 

VI 6 10 234 2.61 0 .7372 7.57 
I 75 115 0.65 0 .7 178 1.89 

The isochron produced by these samples is shown in Figure 6. 
The samples form a distinct line yielding an age of 400±7 Ma, 
with an initial 87 Srt86sr ratio of 0. 7066±0.0013. 

Since Hayward and Gaudette's (1984) study of the Effing
ham and Sebago plutons, additional Rb-Sr whole rock analyses 
of the Sebago granite have been made. The original data are 
displayed along with the more recent results (Fig. 7a). Con
sidered together, the data yield an age of 335±6 Ma, with an 
initial 87 Sr/86s r ratio of0.7048±0.0006. The additional data are 
in excellent agreement with those of the original study and with 
the U-Pb results of Aleinikoff et al. (1985). Figure 7b is the 
isochron for UNH 465 whole rock and mineral samples. The 
data yield a mineral age of 268±9 Ma and an initial Sr ratio of 
0.7084±0.0015 (pers. commun., H. E. Gaudette, 1984). 

Figure 8 displays the Rb-Sr whole rock isochron of the 
Sunapee f?anite. The age is well constrained at 364±5 Ma, with 
an initial 7Sr/!6Sr ratio of0.7133±0.0006. The Sunapee granite 
crosscuts the Kinsman quartz monzonite and the Bethlehem 
gneiss, which have been dated by the Rb-Sr method at 402±19 
Ma and 396±78 Ma respectively (Lyons and Livingston, 1977). 
The Kinsman quartz monzonite has also yielded a Sm-Nd age of 
413±5 Ma that has been interpreted as the age of crystallization 
(Barreiro and Aleinikoff, 1985). 

Oxygen isotope analyses have been made for some samples 
of the Chelmsford, Fitzwilliam and Sebago granites and sur
rounding country rock. These data are included in Table 3. ln 
general, the granites exhibit an increase in delta 180 value with 
increasing age and initial 87sr/!6Sr ratio. The average delta 180 
values for the plutons are ~ lOo/oo, the lower limit reported by 
Miller ( 1985) for peraluminous granites. Remarkably, the 
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Figure 3. Rb-Sr whole rock isochron for the Chelmsford granite. 
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Figure 4. Rb-Sr isochron for the Effingham granite. (a) Whole rock, all 
samples. (b) Sample UNH 458; whole rock (*) and minerals ( + ). 
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(c) Sample NH/MND 9; whole rock(*) and minerals(+). 
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TABLE 3. OXYGEN ISOTOPE ANALYSES. 

Pluton Sample# delta 180 (o/oo) Calculated Sr 
initial ratio 

Chelmsford JAH8521 +12.5 0.7099 
JAH8524 +12.6 0.7103 

JAH8525 + 11 .6 0.7089 

JAH8526 +10.5 0 .7108 

Fitzwilliam NH/MND 4 + 8.6 0.7084 
NH/MND 7 + I I. I 0.7085 
NH/MND 8 + 10.6 0.7093 

NH/MNDIO + 10.0 0.7084 

Sebago JAH8516J +10.4 0 .7074 
JAH85!64 +I I.I 0.7069 
JAH85165 + I I. I 0.7078 
JAH85168 + 7.5 0 .7044 

Sebago granite yields relatively high delta 180 values despite its 
low whole rock initial 87Srf 6Sr ratio. 

DISCUSSION 

Whole Rock Ages 

The six bodies studied can be characterized as generally 
undeformed, with only local areas where syn- to post-emplace
ment effects are apparent. Thus the Rb-Sr whole rock ages 
obtained probably represent crystallization ages and are in agree
ment with previously published data for members of the New 
Hampshire Plutonic Series and correlated plutons in south
western Maine and eastern Vermont (Naylor, 1971; Lyons and 
Livingston, 1977; Gaudette et al., 1982; Aleinikoff et al. , 1985). 

The whole rock ages obtained herein for the Chelmsford 
(399±6 Ma), Fitzwilliam (383±6 Ma), Hooksett ( 400±7 Ma), and 
Sunapee (364±5 Ma) plutons are Devonian ages, while the ages 
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obtained for the Effingham (319± 13 Ma) and Sebago (335±6 
Ma) plutons, are Mississippian (Palmer, 1983). In light o f the 
data presented in this study and in those of Naylor ( 197 1 ), Lyons 
and Livingston (1977), Aleinikoff et al. ( 1979), Gaudette et al. 
(1982), and Aleinikoff et al. (1985), the Concord intrusive suite 
appears to have been intruded in northern New England over a 
length of time that spans both the Devonian and Carboniferous 
periods. As suggested by Gilluly ( 1973) and discussed by Lyons 
et al. ( 1982), tectonic events and their associated magmatism 
may not be distinct episodes. Thus, members of the Concord 
intrusive suite may have been generated in response to tectonic 
activity that was manifested through the Devonian and Car
boniferous. 

Mineral lsochrons 

The mineral ages obtained for the Effingham (263±4 Ma), 
Sebago (268±9 Ma), and Fitzwilliam (326±15 Ma and 267±1 2 
Ma) granites support the notion of an event of Alleghenian 
affinity as seen in the southern Appalachians (e.g., Sinha and 
Zeitz, 1982; Fullagar and Butler, 1979), Rhode Island (e.g., 
Kocis et al., 1978), northern New England (e.g., Zartman et al., 
1970; Dallmeyer and Van Breeman, 1981 ), and throughout 
western New England (e.g., Michard-Yitrac et al. , 1980; Van 
Breeman et al., 1983). Those of the Effingham and Sebago 
granites and the younger of the ages obtained from the Fitzwil
liam body are typical of the mineral ages obtained through Rb-Sr 
and K-Ar analyses for many plutons in the New England region 
(e.g., Faul et al. , 1963; Zartman et al. , 1970; Dallmeyer and Van 
Breeman, 198 I). The extent of this event in northern New 
England had been thought to be limited to reset ages associated 
with erosion and uplift (e.g., Zartman et al. , 1970). However, 
four two-mica granite plutons in northern New England have 
now been identified as Carboniferous in age (Effingham, Lyman, 
Milford, and Sebago). The significance of the fact that these four 
plutons were emplaced within the central portion of the Kear
sarge-central Maine synclinorium will be addressed in greater 
detail below. 

Oxygen Isotopic Data 

In Figure 9, delta 180 values are plotted against calculated 
initial Sr ratios for the three plutons. The fields of several 
"typical" source rock types are also delimited. These fields are 
after Taylor ( 1980). As can be seen in this diagram, a distinc tion 
can be made between the field of the Sebago granite and those 
of the Chelmsford and Fitzwilliam granites. The data arrays of 
the Chelmsford and Fitzwilliam granites lie along a trend that 
extends from an altered oceanic basaltic source toward a con
tinental-derived sedimentary contaminant. The three plutons 
appear to have been produced through the anatexis of an altered 
oceanic basaltic end-member with isotopically distinct con
taminant input of varied amounts. The 0 and Sr isotopic data of 
the Chelmsford and Fitzwilliam granites reflect the incorpora-
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Figure 9. Graph of de lta 180 vs calculated initial 87Srf6Sr ratios for the 
Chelmsford (C), Fitzwilliam (F), and Sebago (SE) granites. 

tion of an 180 - and 87Sr-enriched contaminant. The 0 and Sr 
isotopic data of the Sebago granite, however, suggest the impor
tance of a component such as a geosynclinal sediment in the 
genesis o f this pluton. It appears, therefore, that the source of 
the Sebago granite in particular is distinct in isotopic character 
from that of the Chelmsford and Fi tzwilliam granites. 

Two-mica Granites 

The generation of S- and I-type granites has been the subject 
of much recent petrological and geochemical study, discussion, 
and debate (e.g., White ct al. , 1986; Miller, 1985, 1986; Dickson, 
1986; Pitcher, 1979). Granites, in general , have proven to be 
excellent reservoirs of information with regard to the nature of 
their source mate ri al (e.g., Ayuso, 1986; Andrew et a l., 1983; 
James, 1981 ), but the S- and I-type classification has proved, in 
prac tice, to be unsatisfactory in consideration of two-mica 
granites in northern New England. Petrographically, the granites 
of thi s study have some characteristics like those reported for 
S-type granites in the Lachlan fold belt by Chappell and White 
( 1974). Muscovite and biotite, as indicated previously, are 
present as primary minerals and thus, in terms of mineralogy 
alone these plutons could be considered S-type granites. Major 
element and CIPW analyses demon strate that most of the 
gran ites are corundum-normative and have fairly hig h, restricted 
Si02 percentages. Most significantly, however, the Sr isotopic 

data for some of the two-mica granites of this study are incon
sistent with an S-type designation. In fact , only three of the 
~ranites, the Chelmsford, Fitzwilliam, and Sunapee, have initia l 
7Srf6sr ratios that are greater than 0 .708, the lower limit 

reported for S-type granites in the Lachlan fold belt of Australia 
(Chappell and White, 1974). 

A clear geographic trend in initial 87Sr/86s r ratios is ex
hibited by the plutons. The relatively higher ratios (>0.7085) are 
derived from the westernmost pluton s (Fitzwilliam and 
Sunapee) and the southeasternmost (Chelmsford) of the plutons, 
while the lowest initial 87s r/'6Sr ratios (:::;0.7066) are derived 
from those plutons emplaced in the central portion of the Kear
sarge-central Maine synclinorium (Effingham, Hooksett , 
Lyman, and Sebago). The initial 87Srf 6Sr ratios of the latter 
group cluster about a mean of 0.7052 (0.7048, 0.7066, 0.7044, 
and 0.7048), while the westernmost plutons display a greater 
degree of diversi ty (0.7090-0.71 33). Ayuso (1986) reported a 
similar tendency toward isotopic uniformity in Pb compositions 
derived from feldspars of granites emplaced in the Kearsarge
central Maine synclinorium in Maine versus the wider range in 
composition yielded by the feldspars from granites of the Con
necticut Valley-Gaspe synclinorium and coastal lithotectonic 
belt of Maine. 

Previously published Rb-Sr whole rock studies of granites 
of the Kearsarge-central Maine synclinori um of Maine generally 
support the trend seen in initi al 87Sr/'6Sr ratios in New 
Hampshire and Maine. The only pluton of the Kearsarge-central 
Maine synclinorium region in Maine from which an initial Sr 
ratio >0.0708 has been obtained to date is the Katahdin granite 
(0.7083±0.0006) (Andrew et al. , 1983) and thi s pluton, like the 
Fitzwilliam and Sunapee granites o f New Hampshi re, is located 
in the western portion of the syncl inoriurn. Other pl utons of the 
Kearsarge-central Maine synclinorium range in initial Sr ratio 
from a low ofO. 704 1 ±0.0003 (Passadumkeag River member of 
the Bottle Lake Complex; Ayuso e t al. , 1984), to a high of 
0.7066±0.0028 (Mattami scontis member of the Seboeis Com
plex; Andrew et a l. , 1983). These plutons and those having 
initial Sr ratios within this range were emplaced in the central 
portion of the Kearsarge-central Maine synclinorium in Maine 
and along the northwestern edge of the Norumbega-Nonesuch 
River-Flint Hill fau lt. These data are in apparent agreement with 
the geographic trend in initial Sr ratio determined in this study. 

Rb-Sr whole rock analyses of granites emplaced southeast 
of the Nonesuch River-Norumbega fault are not as clear-cut in 
this regard, however. Knight and Gaudette ( 1987) have deter
mined a Rb-Sr who le rock age of 367±4 Ma and an initial 
87Srf 6Sr ratio of0.7 123±0.0008 for the Waldoboro granite of 
the coastal lithotectonic belt of Maine. This ratio is greater than 
0. 708, as is tha t determined for the Chelmsford pluton which lies 
af,proximately along strike to the southwest. Other initia l 
8 Srf6Sr data such as those obtained from the Lead Mountain 
granite (0.7041 ; Andrew e t al., 1983), the Lucerne granite 
(0.7077; Andrew et al. , 1983), the Webhannet granite 
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(0.7046±0.0007; Gaudette et al., 1982), and the Biddeford 
granite (0.7067±0.0008; Gaudette et al., 1982), however, do not 
support the suggested trend of initial 87 Srf6Sr ratios >0.7085 for 
the region southeast of the Nonesuch River-Norumbega fault 
proposed in this study. It may be that the proposed coastal 
Ii tho tectonic belt can be characterized as a zone of variable initial 
87s r;86sr ratio, implying a more heterogeneous basement(s) 
underlying this zone, in contrast to the more homogeneous 
basement that appears to underlie the central portion of the 
Kearsarge-central Maine synclinorium. Alternatively, the varia
tion in initial 87Srf6Sr ratios may be the result of differential 
contamination in the ~eneration or emplacement of the granites. 

The initial 87 Srf6Sr ratio and 0 data suggest that the tec
tonic zone southeast of the Nonesuch River-Norumbega fault 
and that immediately east of the Bronson Hill anticlinorium are 
terranes distinct in isotopic character from the central portion of 
the Kearsarge-central Maine synclinorium. Interpretation of the 
initial Sr ratio data allows that the Chelmsford, Fitzwilliam, and 
Sunapee granite source(s) be characterized as enriched in 
radiogenic 87 Sr, hence having continental crust affinities. The 
oxygen isotope data available forthe Fitzwilliam (+8.6 to +11. l) 
and the Chelmsford ( + 10.5 to+ 12.6) granites support this inter
pretation. The plutons of the central part of the synclinorium, 
however, do not appear to have been derived from a source 
enriched in radiogenic 87Sr. The low initial 87sr;86sr ratios 
(<0.7066) suggest rather that the source(s) of these granites 
should be characterized as having a relatively low 87 Srf6Sr ratio. 
Interestingly, the oxygen isotopic data from the Sebago granite 
(+7.5to +11 .1) imply at least the incorporation of some continen
tal crust in the magma. The highest initial 87 Srf6Sr ratio of the 
central synclinorium group of plutons is that of the Hooksett 
granite, the oldest of these plutons. It is possible therefore that 
the lowest initial 87sr;86sr ratios, those of the Effingham , 
Lyman, and Sebago granites, have some causal relationship to 
the Carboniferous timing of their emplacement. Such a relation
ship might result from the generation of the Carboniferous 
magmas from a more Rb-depleted source and/or different crustal 
level source. 

Finally, trace element, rare earth element, more major ele
ment, and other isotopic data (Pb, Sm-Nd, and more 0) for the 
two-mica plutons of New England could greatly enhance the 
characterization of source(s) based on the present data set. As
similation-fractional crystallization models of these combined 
data should permit refinement of the basement terrane charac
teristics that have been identified to date and of the the tectonic 
models that have been developed for the northern Appalachians. 

CONCLUSIONS 

( 1) Rb-Sr analyses of six two-mica granite plutons in north
ern New England yield Devonian (Chelmsford, Fitzwilliam, 
Hooksett, and Sunapee) and Carboniferous (Effingham and 
Sebago) crystallization ages. 
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(2) Rb-Sr mineral ages of the Effingham, Fitzwilliam, and 
Sebago plutons confirm a Carboniferous to Permian resetting 
event in northern New England as observed by others (e.g., Faul 
et al., 1963; Zartman et al., 1970). 

(3) Plutons emplaced in the western and eastern portions of 
the Kearsarge-central Maine synclinorium yield high initial 
87sr;86sr ratios (0.7090 to 0.7133), whereas those emplaced in 
the central portion of the Kearsarge-central Maine synclinorium 
yield low initial Sr ratios (5:0. 7066). Plutons in the central 
~ortion of the synclinorium exhibit much less variability in initial 
7sr;86sr ratio than do those emplaced in the western and 

southeastern portions of the synclinorium. 
(4) The available oxygen isotope data suggests that the 

Chelmsford, Fitzwilliam, and Sebago granites were generated 
by the anatexis of an altered oceanic basaltic source with isotopi
cally distinct contaminant input of varied volume. 
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APPENDIX I. MAJOR ELEMENTS AND CIPW NORMS (WEIGHT PERCENT). 

SU 9t SU 10 SU II SU 12 SU 13 CG l :j: NLG I HILGI 

Si02 74.70 72.60 73.80 73.60 75.10 74.47 70.20 72.47 
Ti02 O.D7 0.15 0.o7 O.o3 0.01 0.44 
Al20 3 14.70 15.20 15.20 15.30 14.90 14.15 16.00 16.17 
Fei03 0 .28 0.54 0 .29 0.22 0. 11 1.16 1.10 
FeO 0 .64 0.86 0 .68 0.60 0.24 1.21 1.00 0.41 
MnO 0.05 0.03 0.03 O.o2 0.04 0.02 0.39 
MgO 0.09 0.29 0.15 0.11 0.04 0 .63 0.66 0 .14 
Cao 0.48 0.94 0.65 0.57 0.24 1.70 1.60 1.65 
Na20 4.20 3.00 3.50 3.90 4.30 1.97 4.00 3.43 
K20 3.90 4.70 4 .70 4.10 4.40 4.14 4.60 4 .83 
H20+ 1.00 1.20 0 .72 1.10 0.72 0.20 0.43 
Hp- 0.14 0.16 0.14 0.02 0.02 0 .06 0.43 

P205 0.15 0.18 0.19 0.16 0.13 0.23 
TOTAL 100.40 99.85 100.12 99.73 100.25 99.69 100.28 99.49 

Ap 0.35 0.42 0 .44 0.37 0.30 0.53 
II 0.13 0.28 0. 13 0.06 0.02 0.84 
Mt 0.41 0.78 0.42 0.32 0. 16 1.68 1.59 
Or 23.05 27.78 27.78 24.23 26.00 24.47 27.18 28.54 
Ab 35.54 25.39 29.62 33.00 36.39 16.67 33.85 29.02 
An 1.40 3.49 1.98 1.78 0.34 8.43 6.44 8. 19 
Hy 1.15 1.66 1.32 1.18 0.51 2 .83 1.88 1.83 
c 3.06 3.90 3.63 3.79 2.94 3.34 2.08 2.30 

Q 34. 18 34.79 33 .94 33.87 32.85 42.01 25.45 29.61 
TOTAL 99.27 98.49 99.26 98.60 99.51 99.43 99.84 99.49 
Molar 
A/CNK 1.14 1.13 1.15 1.19 1. 17 1.02 0.92 0.96 

tCourtesy E. L . Boudette, 1983 (U. S. G. S. analyses); SU 9-13 = Sunapee granite 
:j:M. P. Billings and J. R. Wilson, 1964; CG I = Concord granite; NLG I = Newfound Lake granite; HILG I = Hillsboro granite; WMG I = Whiteface 
Mountain granite 
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APPENDIX I. (CONTINUED) 

WMGI E290* E291 E460 LY-I LY-2 LY-3 LY-4 

Si02 69.76 71.77 71.25 71.71 7 1. 82 70.32 70.49 71.39 
Ti02 0 .36 0 .29 0.28 0 .32 0.16 0.27 0.28 0.19 
AI20 3 18.22 15.00 15.52 14.66 15.63 16.14 16.20 15.95 
Fe20 3 0 .25 2.18 1.97 2.08 2. 10 2 .64 2.78 2.44 
FeO 1.59 
MnO 0.25 0.05 0.04 0.04 O.Q3 0.04 0 .04 0.05 
MgO 0.40 0.41 0.37 0.42 0.54 0.62 0.67 0.46 
Cao 2.68 1.33 1.38 1.62 1.41 1.21 1.18 0.79 
Na20 4.06 4 .17 4.24 4.49 3.90 3.52 3.84 3.44 
K20 2.06 4.79 4.83 4 .85 4 .39 5.15 4.44 5.23 
H20+ 0.50 
H20 - 0 .15 

P20s 0.50 0.01 0.14 0.01 0.02 0.08 0.08 0 .06 
TOTAL 100.03 99.93 100.02 100.00 100.00 99.99 100.00 100.00 

Ap 1.16 O.Q2 0.32 0.02 0 .05 0.19 0.19 0. 14 
II 0.68 0 . 11 0.09 0.09 0 .06 0.09 0.09 0.11 
Mt 0.36 
Or 12 .17 28.31 28.54 28.66 25.94 30.44 26.24 30.91 
Ab 34.35 35.29 35.88 37.99 33.00 29 .79 32.49 29. 11 
An 10.03 6 .53 5.93 5.52 6.86 5.48 5.33 3.53 
Di 1.16 
Ru 0.23 0.23 0.13 0.22 0.23 0 .13 
He 2.18 1.97 2.08 2.10 2.64 2 .78 2.44 
Ti 0 .67 
Hy 3.58 1.02 0.92 0.51 1.34 1.54 1.67 1.15 
c 5.64 0.56 1.14 1.95 2.77 3.12 3.34 
Q 32.06 25.75 24 .99 23.49 28.56 26.84 27.86 29.15 
TOTAL 100.03 100.00 100.01 100.19 99.99 100.00 100.00 100.0 1 
Molar 
A/CNK 0.98 0.99 I.OJ 0.93 I. IO I.IO 1.16 1.13 

LY-5 UNH464 UNH465 UNH466 UNH469 

Si02 68 .89 71.3 1 72.55 72.55 72.29 
Ti02 0.38 0.20 0.20 0.15 0.19 
Al20 3 16.11 14.86 14.63 15.27 15.15 
Fe20 3 3.21 2.54 2.04 1.29 1.81 
FeO 
MnO 0.04 0.04 0.06 0.03 0.05 
MgO l.12 0.43 0.41 0.23 0.36 
Cao 1.54 1.54 1.50 1.10 1.35 
Na20 3.62 3.25 3.64 3.63 3.83 
K20 4 .97 5.84 4.90 5.73 4.95 
H20+ 
H2o-

P20s 0.12 0 .01 0 .06 0.01 O.DI 
TOTAL 100.00 100.02 99.99 99.99 99 .99 

Ap 0.28 0.02 0.14 O.Q2 0.02 
II 0.09 0.09 0.13 0.06 0. 11 
Or 29.37 34.51 28.96 33.86 29.25 
Ab 30.63 27.50 30.80 30.72 32.41 
An 6.86 7.57 7.05 5.39 6 .63 
Hy 2.79 1.07 1.02 0 .57 0.90 
Ru 0.33 0.15 0. 13 0.12 0.13 
He 3.2 1 2.54 2.04 1.29 1.81 
c 2.26 0.42 0 .76 1.12 1.06 
Q 24.18 26. 14 28.97 26.83 27.66 
TOTAL 100.00 100.01 100.00 99.98 99.98 
Molar 
A/CNK 1.08 0.94 0 .99 0.98 1.01 

*Counesy H. E. Gaudette and J. Wilband , 1984; E 290, 291 and 460 = Effingham granite; LY-I - 5 = Lyman granite ; UNH 464 , 466, 469 = Sebago granite 
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APPENDIX II. LATITUDE AND LONGITUDE COORDINATES FOR 
SAMPLES ANALYZED IN THIS STUDY. 

Sample II Latitude Longitude Pluton 

JAH8520 42 38 07 71 24 28 Chelmsford 
JAH8521 42 37 57 71 25 03 
JAH8522 42 38 51 71 25 13 
JAH8523 42 38 48 71 25 17 
JAH8524 42 38 48 71 25 17 
JAH8525 42 39 00 71 25 54 
JAH8526 42 35 59 71 28 22 
JAH8527 42 35 59 71 28 23 
JAH8528 42 36 00 71 28 24 
JAH8529 42 36 01 71 28 23 
JAH8530 42 36 01 71 28 23 

UNH 289 43 44 28 71 07 30 Effingham 
UNH 290 43 44 28 71 07 30 
UNH 291 43 44 28 71 07 30 
UNH 292 43 44 28 71 07 30 
UNH 458 43 44 27 71 07 33 
UNH 459 43 44 27 71 07 33 
UNH 460 43 44 27 71 07 33 

NH/MND 1 42 45 16 72 08 41 Fitzwilliam 
NH/MND 2 42 45 16 72 08 41 
NH/MND 3 42 45 16 72 08 41 
NH/MND 4 42 45 31 72 08 56 
NH/MND 5 42 45 31 72 08 56 
NH/MND 6 42 47 56 72 09 10 
NH/MND 7 42 47 56 72 09 10 
NH/MND 8 42 46 38 72 07 59 
NH/MND 9 42 45 47 72 09 42 
NH/MND 10 42 45 47 72 09 42 

NH/SUNC 1 43 02 48 71 28 20 Hooksett 
NH/SUNC 2 43 02 48 71 28 20 
NH/SUNC 3 43 02 48 71 28 20 
NH/SUNC 4 43 03 14 71 29 14 
NH/SUNC 5 43 03 14 71 29 14 
NH/SUNC 6 43 03 14 71 29 14 
NH/SUNC 7 43 03 25 712901 
NH/SUNC 8 43 03 25 712901 

UNH 464 440400 70 42 06 Sebago 
UNH 465 44 01 19 70 42 51 
UNH 466 44 48 54 70 35 00 
UNH 467 440000 70 45 43 
UNH 469 44 01 19 70 42 51 

JAH85160 43 55 48 70 31 00 
JAH85161 43 56 29 70 31 54 
JAH85162 43 54 03 70 19 43 
JAH85163 43 50 18 70 35 57 
JAH85164 43 50 14 70 36 03 
JAH85165 43 50 35 70 36 17 
JAH85166 43 51 12 70 37 11 
JAH85167 43 51 32 70 35 57 
JAH85168 44 03 18 70 41 54 
JAH85169 44 02 26 70 41 54 

NH/SUNP I 43 26 25 72 04 30 Sunapee 
NH/SUNP 2 43 26 25 72 04 30 
NH/SUNP 3 43 26 25 72 04 30 
NH/SUNP 4 43 24 52 72 02 58 
NH/SUNP 5 43 24 53 72 02 58 
NH/SUNP 6 43 21 35 71 59 46 
NH/SUNP 7 43 21 32 71 59 46 
NH/SUNP 8 43 21 31 71 59 47 

66 


