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Stewart, D.B., Unger, J.D., and Hutchinson, D.R., 1995, Silurian tectonic history of Penobscot Bay region, Maine: Atlantic Geology, v. 31, no. 2, p. 67‑79.

http://www.journals.uchicago.edu.proxy.lib.uwo.ca:2048/JG/journal/issues/v108n2/000206/000206.text.html#fg4   ‑ The Journal of Geology, 2000, volume 108, p. 219‑232  2000 Timing of  the Acadian Orogeny in Northern New Hampshire  J. Dykstra Eusden, Jr., Chris A. Guzofski, Alexander C. Robinson, and Robert D. Tucker  Maps and Photos

The out‑of‑sequence thrust‑nappe propagation proposed in figure 4 could have been created by a tectonic buttress (dashed vertical line within Avalon composite in fig 4B 4C) that formed in Pre‑Ludlovian times along the Maine coast as the St. Croix and Ellsworth terranes accreted (Rankin 1994; Stewart et al. 1995). This orogenic belt, formed just prior to and flanking the southeast margin of the Acadian Orogeny, may have served as a barrier precluding southeast migration of the Acadian orogenic front. 

This northwest subduction along the Laurentian margin in figure 4 is consistent with the recent tectonic interpretations of Karabinos et al. (1998) for the Bronson Hill Arc in Vermont and New Hampshire and van Staal (1994) for the Brunswick subduction complex in New Brunswick. 

Developed principally to illustrate the complexities of Taconian orogenic effects in the Ordovician, both models show a west‑dipping slab geometry and B‑type subduction during the latest Ordovician and earliest Silurian along the Bronson Hill. If this slab geometry persisted throughout at least some of the Acadian, one would expect east‑vergent, syncollisional, thrust‑nappe structures and olistostromal facies along the Bronson Hill, as Eusden et al. (1996a) have previously reported for the Presidential Range. Though it is not within the scope of this article to explain the west‑vergent structures seen 100 km along strike in the Connecticut Valley region (Robinson et al. 1991), we suggest that the New Zealand plate boundary can again be used as an analog. Pettinga and Wise (1994) suggest a flower structure exists due to transfer along the Alpine Fault from the Puysegur trench with east‑dipping subduction to the Hikurangi trench with west‑dipping subduction. In this model, both east‑ and west‑verging structures exist, separated by approximately only 100 km along strike, close to the geometry of thrust nappes observed in the CMT of New Hampshire. 

 http://article.pubs.nrc‑cnrc.gc.ca.proxy.lib.uwo.ca:2048/ppv/RPViewDoc?_handler_=HandleInitialGet&journal=cjes&volume=37&calyLang=eng&articleFile=e00‑015.pdf   ‑ Nd isotopic characteristics of terranes within the Avalon Zone, southern New Brunswick Scott D. Samson, Sandra M. Barr, and Chris E. White, CJES, 2000, 37, p. 1039‑1052  Maps and Photos 
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Precise U–Pb dating of Meguma basement xenoliths: new evidence for Avalonian underthrusting1 John D. Greenough, Tom E. Krogh, Sandra L. Kamo, J. Victor Owen, and Alan Ruffman. CJES 1999, 36, p.  15‑22 ‑ Slightly discordant (1.6%), “facetted” zircons from a mafic granulite indicate a minimum crystallization age of ‑629 Ma, with near‑concordant (0.7%) rounded zircons suggesting a maximum age for the last metamorphic event affecting the zircons at ‑575 Ma. Two near‑concordant (–0.9 to 0.4%) monazite fractions from a pelitic granulite indicate a major metamorphic disturbance at 378 ± 1 Ma, ‑10 Ma prior to dyke entrainment and coincident with Meguma regional metamorphism. Projections from 378 Ma through four highly discordant (15–42%) metapelite zircon fractions give provenance ages between 880 and 1050 Ma and two others project to maximum ages of ‑1530 Ma. Unlike Meguma sediments which lack Grenvillian‑age (‑1 Ga) detrital zircons and are dominated by ‑2000  Ma detrital zircons, these dates indicate a dominantly Grenvillian‑age provenance for the pelitic xenoliths. The “Avalonian” igneous,

metamorphic, and provenance ages from the xenoliths suggest the Meguma rests on Avalonian basement. Because Avalonian sediments need a Grenvillian provenance and Meguma sediments lack such a source but require a ³2.0 Ga component missing in the xenoliths, it seems unlikely the Meguma was deposited on Avalonian crust. Thus the dating places on firmer footing the suggestion from earlier structural, seismic, and geochemical work that the Meguma structurally overlies Avalonian terrane. Thrusting occurred between the time of earliest Meguma deformation (‑400 Ma) and intrusion of the xenolith‑bearing dyke (‑370 Ma).

http://article.pubs.nrc‑cnrc.gc.ca.proxy.lib.uwo.ca:2048/ppv/RPViewDoc?_handler_=HandleInitialGet&journal=cjes&volume=40&calyLang=eng&articleFile=e03‑021.pdf   

Silurian deformation and metamorphism of Ordovician arc rocks of the Casco Bay Group, south‑central Maine. David P. West, Jr., Heather M. Beal, and Timothy W. Grover CJES 2003 40, p. 887‑905

The Casco Bay Group in south‑central Maine consists of a sequence of Late Cambrian to Early Ordovician interlayered quartzofeldspathic granofels and pelite (Cape Elizabeth Formation) overlain by Early to Late Ordovician back‑arc volcanic (Spring Point Formation) and volcanogenic sedimentary rocks (Diamond Island and Scarboro formations).

These rocks were tightly folded and subjected to low‑pressure amphibolite‑facies metamorphism in the Late Silurian.This phase of deformation and metamorphism was followed by the development of a variety of structures consistent with a period of dextral transpression in Middle Devonian – Early Carboniferous time. Previously dated plutons within

the sequence range in age from 422–389 Ma and record a period of prolonged intrusive activity in the region. Similarities in age, volcanic rock geochemistry, and lithologic characteristics argue strongly for a correlation between rocks of the Casco Bay Group and those in the Miramichi belt of eastern Maine and northern New Brunswick. The Cape Elizabeth Formation correlates with Late Cambrian to Early Ordovician sediments of the Miramichi Group (Gander Zone) and the Spring Point through Scarboro formations correlate with Early to Late Ordovician back‑arc basin volcanics and volcanogenic sediments of the Bathurst Supergroup. The folding and low‑pressure metamorphism of the Casco Bay Group is attributed to Late Silurian to Early Devonian terrane convergence and possible lithospheric delamination that would have resulted in a prolonged period of intrusive activity and elevated temperatures at low pressures. Continued convergence and likely plate reconfigurations in the Middle Devonian to Carboniferous led to widespread dextral transpression in the region.  Maps and Photos  

Discussion: Upper Casco Bay Group correlatives

Past efforts to correlate rocks of the Casco Bay Group with other rocks in the northern Appalachians have been hindered by a lack of information on depositional ages and information on tectonic setting. However, recent isotopic age determinations (Aleinikoff et al. 1993; Tucker et al. 2001), geochemical analysis of metamorphosed volcanic rocks (Lawrence and Beane 2001; West et al. 2003), and detailed mapping (Pankiwskyj 1996; Hussey and Berry 2002; West 2002) have provided new insight into the tectonic setting of the Casco Bay Group. Previously suggested Casco Bay Group correlatives to the south (e.g., Massabesic Gneiss Complex in New Hampshire and Nashoba Terrane in Massachusetts) would seem to be untenable given large age differences (in the case of the Massabesic: Aleinikoff et al. 1995) and basic lithologic differences (in the case of the Nashoba: Hepburn et al. 1995). Correlations with Avalonian and Peri‑Gondwanan terranes to the east (e.g., St. Croix belt, Ellsworth Terrane, coastal New Brunswick terranes) are also unlikely for similar reasons (Berry and Osberg 1989; Rankin 1994; Stewart 1998; White and Barr 1996; Johnson and McLeod 1996).The most likely correlatives with the upper part of the Casco Bay Group are found along strike to the northeast in the Miramichi belt (see Fig. 1) of eastern Maine (Ludman 1991; Ludman et al. 1993) and northern New Brunswick (van Staal 1987, 1994; van Staal and Fyffe 1995). Although comparisons of these rocks are hindered by differences in regional metamorphic grade (amphibolite facies in the Casco Bay Group versus largely greenschist facies in the Miramichi) and the effects of severe tectonic thinning in the Casco Bay Group, close similarities are seen and will be discussed in detail later in the text. 

Interlayered quartzofeldspathic granofels and pelites of the Cape Elizabeth Formation are lithologically very similar to a thick sequence of interbedded quartzofeldspathic wackes and pelites in the Miramichi belt (Baskahegan Lake Formation in Maine (Ludman 1991) and the Miramichi Group in New Brunswick (van Staal and Fyffe 1995)). These rocks are Late Cambrian to Early Ordovician in age based on the presence of trace fossils (Pickerill and Fyffe 1999) and radiometric ages from overlying units. As discussed earlier in the text, the only constraint on the age of the Cape Elizabeth Formation is that it is older than the overlying 469 ± 3 Ma Spring Point Formation. Thus a Late Cambrian to Early Ordovician age for the Cape Elizabeth Formation is plausible. Rocks of the Miramichi Group (including the Baskahegan Lake Formation) have been interpreted by van Staal et al. (1996) to represent a Late Cambrian to Early Ordovician passive margin sequence deposited on the eastern margin of the Iapetus Ocean (i.e., Gander Zone of Williams 1979). Metamorphosed late Arenig to Llanvirn (time scale of Tucker and McKerrow 1995) volcanic rocks of the Spring

Point Formation overlie the Cape Elizabeth Formation and these rocks are likely correlatives to volcanic rocks of similar age in the Bathurst Supergroup (van Staal et al. in press) that overlies the Miramichi Group in the Miramichi belt. Geochemistry from volcanic rocks of the Bathurst Supergroup (Rogers et al. in press; Rogers and van Staal in press) suggests a back‑arc basin tectonic setting (Tetagouche–Exploits back‑arc basin of van Staal et al. 1991), which is similar to the geochemical signature for rocks of the Spring Point Formation in Casco Bay (Lawrence and Beane 2001) and south‑central Maine (West et al. 2003). Recent work in the Miramichi belt, summarized by van Staal et al. (in press), has revealed a more complex tectonic history for the Bathurst Supergroup and necessitated a four‑fold subdivision of these rocks. Although the Spring Point Formation is most similar in age and lithologic characteristics to the California Lake Group (as described in Rogers et al. in press), van Staal et al. (in press) suggest that the Tetagouche–Exploits back‑arc basin contained a number of widely separated distinct blocks that were later juxtaposed during theLate Ordovician to Early Silurian closure of the basin. Given the complexity of this tectonic setting, the Spring Point volcanic rocks may not correlate directly with any of the newly defined members of recognized units in the Bathurst Supergroup of the Miramichi belt, but similarities in age, lithology, geochemical characteristics, and structural position within the orogen argue for a general correlation with these rocks.

It is important to note that the Miramichi Group (Cape Elizabeth equivalent) and the Bathurst Supergroup (Spring Point equivalent) are separated by a disconformity in New Brunswick (van Staal and Fyffe 1995). Similarly, the Cape Elizabeth equivalent (Baskahegan Lake Formation) in the Miramichi belt of eastern Maine is unconformably overlain by Ordovician volcanic rocks (Bowers Mountain Formation: Ludman et al. 1993), which have been correlated with theBathurst Supergroup. To date, no unconformity has been recognized between the Cape Elizabeth and Spring Point formations in Maine. However, this Ordovician unconformity is quite subtle and has only been recognized relatively recently in the Miramichi belt, thus its recognition, if it exists, would be very difficult in Maine where amphibolite facies metamorphism and ductile shearing are ubiquitous. Metavolcanic rocks of the Spring Point Formation are overlain by thin but distinctive black, graphitic quartzite and quartz–mica schist (Diamond Island Formation), followed by a thicker sequence of predominantly pelitic schist (Scarboro Formation). In the southern Miramichi belt in New Brunswick, Oak Mountain Formation volcanic rocks are overlain by Caradocian shale and feldspathic wacke of the Belle Lake Formation (Fyffe et al. 1983; Pickerill and Fyffe 1999). Similarly, in the Bathurst Supergroup of the northern Miramichi belt, volcanic rocks are overlain by Llanvirn–Caradoc sedimentary assemblages (van Staal et al. in press). Thus, Late Arenig to Llanvirn volcanic rocks overlain by dominantly sedimentary sequences are common to both the Casco Bay and Miramichi belts. In summary, Ordovician rocks of the upper Casco Bay Group correlate most favorably with rocks of similar age in the Miramichi belt of eastern Maine and adjacent New Brunswick. These rocks have been interpreted by van Staal et al. (1991, 1996) to represent a Late Cambrian to Early Ordovician passive margin sequence (Miramichi Group) unconformably overlain by Middle to Late Ordovician back‑arc volcanic rocks and associated volcanogenic sedimentary rocks (Bathurst Supergroup). A similar interpretation is favored for the upper part of the Casco Bay Group in Maine with the extensive Cape Elizabeth Formation representing the passive margin sequence, the Spring Point Formation representing the back‑arc volcanics, and the Diamond Island and Scarboro formations representing overlying back‑arc basin sediments.

Implications for middle Paleozoic orogenesis

Tectonic models of middle Paleozoic (Acadian) orogenesis in northern New England and adjacent Canada have evolved through the years as progressively more data has become available (e.g., Bradley 1983; Osberg et al. 1989; Ludman et al. 1993; Eusden et al. 1996; van Staal and de Roo 1995; Bradley et al. 2000; Tucker et al. 2001). While many of the earlier models attributed all middle Paleozoic tectonism to the Devonian Acadian orogeny, recent work (e.g., Bevier and Whalen 1990; West et al. 1992; 1995; van Staal and de Roo 1995: Bradley et al. 2000; Tucker et al. 2001) suggests a prolonged period of Early Silurian to Late Devonian deformation, metamorphism, and intrusive activity. Because the region lacks ophiolitic sutures that are important aspects of most tectonic reconstructions, deciphering the temporaland spatial distribution of deformation and metamorphism is critical to unraveling the tectonic history of the region. Upright isoclinal folding and an associated pervasive schistosity (D1 deformation) are the dominant deformational features preserved in rocks of the upper Casco Bay Group in south‑central Maine. Microstructural analysis indicates that an episode of low‑pressure amphibolite‑facies metamorphism was synchronous with this deformational event. Porphyritic shonkinite of the 418 Ma Lincoln Sill cuts the map‑scale D1 fold in the Casco Bay Group (Fig. 3) and thus the folding and associated metamorphism must be pre‑Devonian. However, both 40Ar/39Ar hornblende (West et al. 1995) and U–Pb sphene ages (Tucker et al. 2001) from the area range from 390 to 380 Ma and suggest this deformation and metamorphism is significantly younger. The following two models are proposed to explain this apparent contradiction:

(1) Rocks of the Casco Bay Group in south‑central Maine are polymetamorphic having been initially metamorphosed during folding prior to the intrusion of the 418 Ma Lincoln Sill and then re‑metamorphosed in the Middle Devonian.Although obvious textural evidence (e.g., pseudomorphs) for polymetamorphism in the field area is not widespread, polymetamorphism is prevalent in much of coastal, south‑central, and western Maine (Novak and Holdaway 1981; Berry 1987; Guidotti 1989; Guidotti and Holdaway 1993; Grover and Lang 1995), and it is somewhat unusual to not find it here. There are suggestions of multiple stages of garnet growth in some areas (e.g., Fig. 9e) and obvious pseudomorphs of earlier minerals might not be expected if the pressure–temperature conditions of a  second metamorphic event were similar to an earlier metamorphic episode (see the “transition zone” of Guidotti and Johnson 2002).

(2) The rocks were folded and metamorphosed in the Late Silurian prior to intrusion of the Lincoln Sill and remained hot for a period of nearly 40 million years, when they finally cooled below hornblende and sphene blocking temperatures (500–550°C). This would seem unlikely given the low‑pressure nature of the metamorphism in this region, however, numerous plutons in the area span this age range (Haskell Hill = 408 Ma; Mixer Pond = 400 Ma; North Searsmont = 389 Ma) and an episode of lithospheric delamination proposed by Tucker et al. (2001) would likely result in a prolonged period of elevated heat flow in the region. At present, each of these models is plausible and further detailed geochronological investigations (e.g., in situ monazite dating) will be needed to distinguish between these and other possibilities.

North‑trending, asymmetric Z‑folds characterize D2 deformation in the upper Casco Bay Group and these  features have been attributed to a significant period of regional dextral transpression in Middle Devonian to Early Carboniferous time (West and Hubbard 1997). Dextral transpression during this time interval is well documented throughout the northern Appalachians (e.g., Kirkwood 1995;

van Staal and de Roo 1995; Ludman and West 1999) and likely reflects changing plate configurations following Silurian– Devonian collisions along the eastern margin of Laurentia. 40Ar/39Ar muscovite cooling ages from the study area indicate the region cooled below  350°C in the Early Carboniferous (West et al. 1995) and regional penetrative deformation following this time period is unlikely. Localized D3 dextral shear bands and asymmetric boudinage are likely a later manifestation of the dextral transpression discussed earlier in the text and may be a precursor to the development of the Norumbega fault system in the Carboniferous (West and Hubbard 1997; Ludman and West 1999).

Conclusions

(1) Similarities in age, volcanic rock geochemistry, and lithologic characteristics argue strongly for a correlation between rocks of the upper Casco Bay Group in south‑central Maine and rocks exposed in the Miramichi belt of eastern Maine and northern New Brunswick. In this model, interlayered quartzofeldspathic granofels and pelites of the Cape Elizabeth Formation correlate with Late Cambrian – Early Ordovician passive‑margin sediments of the Miramichi Group (Gander zone). Overlying volcanic rocks of the Spring Point Formation and sedimentary rocks of the Diamond Island and Scarboro formations correlate with Arenig to Caradoc back‑arc basin lithologies of the Bathurst Supergroup. (2) Late Silurian deformation and low‑pressure amphibolite‑ facies metamorphism of the upper Casco Bay Group in south‑central Maine can be attributed to convergence and associated terrane accretion. A model of lithospheric delamination proposed by Tucker et al. (2001) could explain a prolonged period of intrusive activity coincident with a period of elevated temperatures at low pressures. (3) Structures consistent with dextral shear deformation are pervasive and are correlated with a period of regional dextral transpression in Middle Devonian to Early Carboniferous time in the northern Appalachians.
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Geol. Mag. 141 (2), 2004, pp. 125–140. Tectonic setting and regional correlation of Ordovician metavolcanic rocks of the Casco Bay Group, Maine: evidence

from trace element and isotope geochemistry DAVID P. WEST, JR*†, RAYMOND A. COISH* & PAUL B. TOMASCAK‡

p. 136 "This suggests that Early to Middle Ordovician Tetagouche‑Exploits basin (van Staal,Winchester & Bedard, 1991;vanStaal et al.1998) can be traced well into southern Maine."

p. 138 the following tectonic model is proposed for the Casco BayGroup in Maine. (1)Arc volcanism along the Gander continental margin begins in Early Ordovician time and the Cape Elizabeth Formation represents volcanogenic sediment shed from this growing volcanic arc. (2) Crustal thinning and rifting of this continental arc begins about 470 Ma and bimodal volcanic rocks of the Spring Point Formation are erupted during the early stages of this rifting episode. Rocks of the Cushing Formation and Falmouth‑Brunswick sequence may represent continued arc magmatism on the trench side

of the back‑arc basin. (3)Metasedimentary rocks of the Diamond Island and Scarboro formations (above the Spring Point Formation) reflect sedimentation within the back‑arc basin. Late Ordovician (?) or Silurian compressional tectonic events subsequently closed the back‑arc basin and juxtaposed the various elements of the arc–back‑arc basin complex.

http://gsa.confex.com/gsa/2004NE/finalprogram/session_12565.htm ‑ 2004, March, 39th Ann. GSA Northeastern Meeting, T25. Peri‑Gondwanan Terranes of the Appalachians II

IDENTICAL TWINS, FRATERNAL TWINS, KISSING COUSINS, OR NO RELATION? A COMPARISON OF THE CHRONOLOGICAL AND ISOTOPIC CHARACTERISTICS OF CIRCUM‑ATLANTIC NEOPROTEROZOIC TERRANES

SAMSON, Scott D., Earth Sciences, Syracuse University, 204 Heroy Geology Laboratory, Syracuse, NY 13244, sdsamson@syr.edu.

For the Carolina terrane, the main episodes of magmatism have now been established to have occurred between 633–547 Ma, and the majority of the rocks are isotopically very juvenile. For the Cadomia terrane there appears to be three discrete magmatic events, a syn‑tectonic event occurring between 615–600 Ma, a post‑tectonic magmatic event between 585‑570 Ma, and a second discrete post‑tectonic event that appears to have occurred at ~ 540 Ma. The older rocks are isotopically very evolved, but become less so with time. The Avalon terrane is broadly characterized by two main periods of magmatism, 630–600 Ma and 570–550 Ma, and Nd isotopic compositions are between those of Carolina and Cadomia. 

U‑Pb dates of detrital zircons from the terranes help constrain possible paleogeographic positions. are also extremely useful in inter‑terrane comparisons. Mesoproterozoic zircons dominate Neoproterozoic rocks in the Carolina terrane, whereas 2.3–2.0 Ga zircons dominate Cambrian sandstones. No Mesoproterozoic zircons occur in Neoproterozoic sedimentary units within Cadomia, but 2.4–2.0 Ga zircons predominate. Within Avalon there is an absence of 2.4–2.0 Ga ages, but 1.65–1.5 Ga and 1.25–1.15 Ga zircons are dominant. Thus although there are general similarities between these major terranes they appear to have been built on different basements and resided in different regions of Gondwana.
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PERI‑GONDWANAN TERRANES OF SOUTHERN NEW BRUNSWICK, CANADA: NEW INSIGHTS AND ENIGMAS

BARR, Sandra M.1, WHITE, Chris E.2, KING, M.S.1, and BLACK, Robin S.1, (1) Geology, Acadia Univ, Wolfville, NS B4P 2R6, Canada, sandra.barr@acadiau.ca, (2) Natural Resources, P.O. Box 698, Halifax, NS B3J 2T9, Canada 

Southern New Brunswick consists of fault‑bounded belts of rocks which show both similarities and contrasts in Late Proterozoic ‑ Early Paleozoic evolution. The number of distinct terranes represented by these belts, and their affinity to the classical Avand Gander zones of the northern Appalachian orogen, remain controversial, in spite of a large body of accumulated field, petrochemical, and geochronological data. Myriad Carboniferous and younger faults in the area obscure the original nature of boundarbetween rock packages, and it is likely that many of the original components are missing. Remnants of high‑pressure metamorphic belts provide evidence for the presence of former terrane boundaries. P‑T estimates for the Hammondvale metamorphic suite (HMSon the northwestern margin of Caledonia terrane indicate peak metamorphic conditions at 9.5‑12 kbar and 580‑420°C. The HMS is interpreted to represent a remnant of an accretionary complex formed in association with ca. 620 Ma subduction in Caledonia terrand its presence confirms that the now‑adjacent Brookville terrane was not part of the Caledonia (Avalon) terrane at that time. The Pocologan metamorphic suite at the boundary between the Brookville and Kingston terranes had peak P‑T conditions of 9.5 kband 550°C, probably at ca. 420 Ma. A complex later history is indicated by 40Ar/39Ar cooling ages as young as ca. 320 Ma. Modelling of magnetic and gravity data, constrained by magnetic susceptibility and density measurements fromsurface samples, indicates that present fault boundaries are sub‑vertical or dip slightly to the southeast, although more shallow structures indicative of northwesterly thrusting are evident in some areas. The models require geophysically distinct bodies at depth (ca. 6 km or more) that are interpreted to correspond to Avalon, Brookville (Bras d'Or???), and Ganderia basements. Tracing terranes of southern New Brunswick into Maine is complicated by abundant Silurian and Devonian igneous units, and by apparent offset to the southeast to Grand Manan Island, where rock types and ages show elements of Avalon, Brookville, New River, and/or St. Croix terranes, in fault‑bounded packages. Correlation with the mainland of New Brunswick or Nova Scotia is not yet resolved.

DETRITAL ZIRCONS AND GANDERIA'S SOUTHERN MARGIN, COASTAL MAINE

REUSCH, Douglas N., Natural Sciences, Univ of Maine at Farmington, 173 High Street, Farmington, ME 04938, reusch@maine.edu, VAN STAAL, C.R., Geol Survey of Canada, 601 Booth St, Ottawa, ON K1A 0E8, and MCNICOLL, V.J., Geol Survey of Canada, 601 Booth Street, Ottawa, ON K1A 0E8, Canada 

In central Newfoundland, a large, Upper Cambrian (~494 Ma) ophiolitic thrust sheet, the Gander River Ultrabasic Belt (GRUB), constitutes one of the most striking features of the northern Appalachian orogen. Gander Zone arenites and shales of Cambro‑Tremadoc age occupy the footwall southeast of the GRUB line and the Cormacks window. Arenig strata that unconformably overlie both the ophiolite and Gander Zone sediments, combined with a 474 Ma stitching pluton, demand a Tremadoc/early Arenig age of emplacement (Penobscot orogeny). In the simplest scenario, the ophiolite formed in a back‑arc setting southeast of the Cambrian Victoria arc; Gander Zone arenites accumulated along the southeasterly passive margin; and hot ophiolite was obducted shortly after its formation. 

In New Brunswick and Maine, a thousand kilometers southeast (length of Java), discontinuous Cambrian marine igneous rocks (509 Ma Ellsworth, 502 Ma Castine, 497 Ma Lawson Brook, 493 Ma East Scotch) of the Ellsworth and Annidale terranes (EAT) comprise bimodal assemblages largely devoid of arc or continental signature. Rare arc‑like rocks, however, suggest an ensimatic back‑arc setting. The structurally lower St. Croix terrane comprises, in downward order, Caradocian shales and orthoquartzites (Kendall Mountain), quartzofeldspathic wackes (Woodland), and Tremadocian black shales and basalts (Calais‑Penobscot). Both assemblages display top‑to‑NW sense‑of‑shear in early structures that must be post‑Tremadoc and possibly post‑Caradoc. A white‑weathering, pin‑striped arenite from Ellsworth Falls, close to highly sheared rocks at the northwestern limit of the Ellsworth terrane, yielded dominantly 545±4Ma (n=28; 73%) and lesser younger (507±6 Ma) and older Neo‑ (ca. 630 Ma, 680 Ma), Meso‑ (1.21 Ma, 1.50 Ma), and Paleoproterozoic (1.97‑2.09 Ma) zircons, an age distribution typical of Gander Zone arenites. 

The Ellsworth‑Annidale terranes and GRUB share similar rock assemblages, ages, and contact relationships with the Gander Zone but their emplacement histories may differ. Paleo‑position of EAT and its age of emplacement remain important questions. 

INITIAL ND‑SR ISOTOPIC COMPOSITION OF GRANITE PLUTONS FROM EASTERN AND CENTRAL MAINE: IMPLICATIONS FOR TERRANE ACCRETION

MATARAGIO, James P.1, HOGAN, John P.1, and WALKER, J. Douglas2, (1) Geology and Geophysics, Univ of Missouri‑Rolla, 125 McNutt Hall, Rolla, MO 65409, jpmgx6@umr.edu, (2) Univ Kansas, 120 Lindley Hall, Lawrence, KS 66045‑2124 

Initial Nd and Sr isotopic composition of Paleozoic granites from the Medial New England Terrane (MNET) and the Composite Avalon Terrane (CAT) in Maine indicate the basement beneath these terranes changed dramatically after the Silurian. Two major episodof Paleozoic magmatism are documented in this area.


 “Silurian” magmatism is bimodal, and characterized by distinctive epizonal plutonic and volcanic igneous complexes (e.g., Vinalhaven, South Penobscot). Silurian magmatism is known southeast of the Norumbega Fault Zone (NFZ). Silurian granites exhibit a large variation in eNd values (2.5 to ‑8) and 87Sr/86Sr)i ratios (0.703 to 0.713).


 “Devonian to Carboniferous” magmatism is dominantly granitic and includes stocks of (1) peraluminous granite (e.g., Waldoboro); 2) metaluminous granite (e.g., Deer Isle, Mt. Waldo); and (3) Large batholiths of weakly peraluminous to metaluminous granitwith megacrystic alkali feldspar (e.g., Lucerne). Devonian magmatism is wide spread throughout the area and is found on both sides of the NFZ. Devonian granites exhibit a narrow range in eNd (0.8 to ‑2) and a large range in 87Sr/86Sr)i ratios (0.0.710). On a Nd‑Sr isotopic correlation diagram the fields for Silurian and Devonian granites partially overlap, however, they exhibit distinctly different slopes. Silurian granites define the field with the steeper slope. The most radiogenic Silurian granite yields a TDM age of 1.8 Ma. Devonian granites define the field with a shallow slope. The most radiogenic Devonian granite yields a TDM age of 1.4 Ma. This is compatible with Silurian and Devonian granites being derived from partial melting of disbasementsource regions. Silurian granites and Devonian granites intrude both MNET and CAT. This suggests 1) “terrane‑bounding” faults in coastal Maine juxtapose distinct upper crustal terranes but not distinct basement terranes and that the upper crustal terranes were assembled prior to the Silurian melting event. 2) The source region for Silurian granites was not “tapped” during the Devonian melting event, either because of its refractory nature, or because the Silurian granites and their (GANDER??) host terranes are both allochthonous and were displaced over the MNET (AVALON???) basement source region prior to the Devonian melting event. 

GANDERIA, AVALONIA, AND THE SALINIC AND ACADIAN OROGENIES

VAN STAAL, Cees R.1, MCNICOLL, Vicki1, VALVERDE‑VAQUERO, Pablo2, BARR, Sandra M.3, FYFFE, Leslie R.4, and REUSCH, Douglas N.5, (1) Continental Geoscience Division, Geol Survey of Canada, 601 Booth Street, Ottawa, ON K1A 0E8, Canada, cvanstaa@nrcan.gc.ca,(2) Instituto Geológico y Minero de España (IGME), La Calera 1, Tres Cantos (Madrid), 28760, Spain, p.valverde@igme.es, (3) Geology, Acadia Univ, Wolfville, NS B4P 2R6, (4) Natural Resources and Energy, New Brunswick Geol Surveys, PO Box 6000, Fredericton, NB E3B 5H1, Canada, (5) Geological Sciences, Univ of Maine, Farmington, ME ME 04938 

New SHRIMP‑analyses of zircon grains from Cambrian arenites in New Brunswick and Maine constrain the location of the Gander‑Avalon terrane boundary, which is critical to understanding the Early Silurian Salinic and Early Devonian Acadian orogenies. Whereperi‑Gondwanan Ganderia and Avalonia have similar arc‑dominated Neoproterozoic basements, their Lower Paleozoic rocks and tectonic evolutions differ significantly. In Ganderia, Middle Cambrian through Tremadoc arenites and shales overlie Lower Cambrian arc rocks, which were locally accompanied by coeval tectonism. In Avalonia, however, shale‑dominated Lower Cambrian to Ordovician strata indicate a stable platform. Arenite samples collected from the Baskahegan Lake, Calais, Ellsworth, and Matthews Lake Formations contain abundant Early Cambrian and Late Neoproterozoic detrital zircon grains derived, probably, from local basement as well as important populations of Mesoproterozoic (1.2 ‑1.6 Ga) and Early Paleoproterozoic (2.0 ‑ 2.3 Ga) zircon grains, which suggest an Amazonian provenance. We propose that the Gander‑Avalon zone boundary coincides with the Caledonia Fault in New Brunswick, lies southeast of Grand Manan Island (Stanley Brook granite is c. 535 Ma), which is due to sinistral offset along the Oak Bay fault, and emerges southeastward from the Gulf of Maine as the Bloody Bluff Fault. 

At ~430 Ma, the bulk of Ganderia accreted to Laurentia along its northern margin due to closure of the Middle Ordovician Tetagouche backarc basin, which caused the Salinic orogeny. Around this time (440‑425 Ma), the coastal volcanic/Mascarene arc/backarccomplex developed on its southern margin above a northwest‑subducting Avalonian plate. Inversion of the Mascarene backarc basin at ~ 420 Ma signals the start of the Avalonia‑Ganderia collision, which caused the Acadian orogeny. 

GEOLOGY OF THE TALLY POND GROUP, NEWFOUNDLAND: NEW GEOCHRONOLOGY AND GEOCHEMICAL DATA FROM THE EXPLOITS SUBZONE, DUNNAGE ZONE

POLLOCK, Jeff, Marine, Earth and Atmospheric Science, NC State Univ, Raleigh, NC 27695, jpolloc@ncsu.edu, MCNICOLL, Vicki, Continental Geoscience Division, Geol Survey of Canada, 601 Booth Street, Otawa, ON K1A 0E8, Canada, VAN STAAL, C.R., Geol Survey of Canada, 601 Booth St, Ottawa, ON K1A 0E8, and WILTON, Derek, Department of Earth Sciences, Memorial Univ of Newfoundland, St. John's, NF 

Recent mapping, geochronological and geochemical studies in the Tally Pond‑Burnt Pond area, Newfoundland, has resulted in new interpretations of the local geology and a redefinition of the Tally Pond group. The group comprises Cambrian island‑arc felsic pyroclastic rocks with intercalated mafic volcanic rocks and epiclastic volcanic and sedimentary rocks. In the study area, arc plutonic rocks of the Crippleback Lake Quartz Monzonite form the basement to Tally Pond group. A sequence of dominantly pillowed mafic volcanic rocks, mafic to andesitic volcaniclastics, and intercalated felsic volcanic rocks are nonconformable on the Crippleback Lake Quartz Monzonite. U‑Pb zircon geochronology indicates that the felsic volcanic rocks were erupted at 509 ± 1 Ma. Dykes and stocks of medium‑grained gabbro‑diorite intrude all of the rocks of the Tally Pond group. These mafic intrusions yielded a U‑Pb zircon age of 465 ± 2 Ma. Major, trace and rare earth element geochemistry indicates that the volcanic rocks have geochemical affinities consistent with a volcanic arc paleotectonic environment. Mafic intrusive rocks show no evidence of arc‑related volcanism. Pb isotope data from VMS occurrences in the Tally Pond group contrast with those from the Notre Dame Subzone and are comparable to data from the Exploits subzone. The youngest rocks in the study area are conglomerates and coarse‑grained sandstones of the Silurian Rogerson Lake Conglomerate which unconformably overlies rocks of the Tally Pond group; the conglomerate is dominated by volcanic clasts derived from the underlying Exploits subzone sequences. The Early Cambrian rocks of the Tally Pond group are analogous to rocks of the Brookville and Bras d’Or terranes in New Brunswick and Nova Scotia. Previous workers have suggested that the Brookville and Bras d’Or terranes represent the eastern margin of the Central Mobile Belt of the Appalachians (Gander Zone). Correlation of the Tally Pond group with these terranes, suggests that the Tally Pond group formed along the peri‑Gondwanan margin of Iapetus. The Silurian Rogerson Lake Conglomerate that unconformably overlies the Tally Pond group indirectly indicates that these terranes were accreted to Laurentia by Late Ordovician. 

PATS POND AND WIGWAM BROOK GROUPS: RECORD OF EPISODIC PERI‑GONDWANAN UPPER CAMBRIAN‑CARADOC ISLAND ARC ACTIVITY IN THE EXPLOITS SUBZONE OF CENTRAL NEWFOUNDLAND

ZAGOREVSKI, Alexandre, Department of Earth Sciences, Univ of Ottawa, 140 Louis Pasteur Street, Ottawa, ON K1N 6N5, azagorevski@sympatico.ca, VAN STAAL, Cees, Geological Survey of Canada, NRCAN, 614‑615 Booth Street, Ottawa, ON K1A 0E8, Canada, MCNICOLL, Vicki, Continental Geoscience Division, Geol Survey of Canada, 601 Booth Street, Otawa, ON K1A 0E8, Canada, and ROGERS, Neil, Continental Geoscience Division, Geol Survey of Canada, 601 Booth Street, Ottawa, ON K1A 0E8, Canada 

The newly defined Pats Pond Group (PPG) and (dis?)conformably overlying Wigwam Brook Group (WBG) occupy a fault‑bounded slice, immediately east of the Red Indian Line in central Newfoundland. They are juxtaposed structurally to the west with peri‑Laurentarc volcanic rocks of the Llanvirn (c. 464‑462 Ma) Harbour Round Formation and to the east along the Barren Pond Fault with Llanvirn (c. 460 Ma) arc/backarc rocks of the Sutherlands Pond Group. The base of the PPG consists of calc‑alkaline basalts (eNd 0.3 to ‑0.5), overlain by bimodal mafic‑andesitic tuff breccias with numerous horizons of both mafic and andesitic tuff (eNd 4.6 to 5.5) and lapilli tuff. The breccia yielded a U‑Pb zircon age of 487±3 Ma. The WBG consists of three formations. The basal Dragon Pond formation comprises basal, tuffaceous turbiditic siltstones and sandstones, calc‑alkaline tuff, flow‑banded rhyolite and basalt flows with IAT compositions. Turbidites have abundant erosion channels with rafts of the underlying turbidite beds, and locally liquefaction features. The overlying Halfway Pond Formation comprises tuffaceous conglomerate (U‑Pb zircon age of 452.8±3.5 Ma), fine‑grained sandstone, siltstone and mudstone, locally with well‑developed flaser and lenticular bedding. It is transitional with upper Caradoc black shale of the Perriers Pond formation. Age data suggest there is at least an Arenig hiatus between the PPG and WBG. The PPG and the WBG largely represent episodic Early to Late Ordovician arc magmatism of the Popelogan‑Victoria arc, which was terminated in the Caradoc as a result of its collision with the peri‑Laurentian Notre Dame arc. The age, isotopic, and stratigraphic characteristics of the PPG suggest a correlation with parts of the Tremadoc Glovers Harbour Formation of the Wild Bight Group and the Tea Arm Formation of the Exploits Group, both comprising Exploits Subzone arc volcanic rocks. Epiclastic rocks of the Dragon Pond formation have eNd from ‑4.3 to ‑10.3, inconsistent with the values generally observed in the rocks of the Exploits Subzone. This may indicate greater contribution of Precambrian Exploits basement and/or volcaniclastic input from the Notre Dame Subzone prior to or during the middle to upper Caradoc arc‑arc collision. 

EVIDENCE OF DETACHMENT WITHIN PERI‑GONDWANAN ARC TERRANES OF MARITIME CANADA

WESSEL, Zachary R.1, NANCE, R. Damian1, MURPHY, J. Brendan2, and KEPPIE, J. Duncan3, (1) Dept. of Geological Sciences, Ohio Univ, Athens, OH 45701, zwessel@hotmail.com, (2) Dept. of Earth Sciences, St. Francis Xavier Univ, P.0. Box 5000, Antigonish, NS B2G 2W5, Canada, (3) Instituto de Geología, Universidad Nacional Autónoma de México, Mexico D.F, 04510, Mexico 

Low‑grade platformal metasedimentary rocks juxtaposed against high‑grade gneisses along late Neoproterozoic ductile shear zones are characteristic features of parts of the peri‑Gondwanan terranes of Maritime Canada. In southern New Brunswick, the MacKay Highway shear zone brings the low‑grade Green Head Group into contact with the high‑grade Brookville Gneiss, whereas in the Cobequid Highlands of mainland Nova Scotia and the Creignish Hills of Cape Breton Island, ductile shear zones bring the low‑grade Gamble Brook Formation and George River Suite into contact with the high‑grade Great Village River Gneiss and Bras d'Or Gneiss, respectively. Kinematic indicators within the mylonites that define these shear zones give shear senses towards the NE in southern New Brunswick, the ESE in the Cobequid Highlands, and the SE in the Creignish Hills. Synkinematic granitoids and metamorphism (low‑P/high‑T in southern New Brunswick and Cape Breton Island) date these three events at ca. 565‑540 Ma, ca. 605 Ma, and ca. 550Ma. In each case, deformation placed low‑grade over high‑grade rocks in a manner consistent with extensional detachment, while rotation of associated Carboniferous strata to the horizontal suggests the shear zones were initially low‑angle structures, each with an easterly component of shear. In the Cobequid Highlands, detachment was synchronous with arc magmatism and has been attributed to pull‑apart basin development in response to oblique subduction. In southern New Brunswick and Cape Breton Island detachment broadly coincides with the termination of arc magmatism and may reflect diachronous ridge‑trench collision.

SHRIMP GEOCHRONOLOGY OF DETRITAL ZIRCONS FROM METASEDIMENTARY ROCKS IN SOUTH‑CENTRAL CONNECTICUT: PRELIMINARY INTERPRETATIONS OF THE TECTONIC EVOLUTION OF THE AVALON TERRANE OF SOUTHERN NEW ENGLAND

WINTSCH, Robert P.1, ALEINIKOFF, John N.2, SCOTT, Robert B.3, WALSH, Gregory J.4, YACOB, Ezra Y.2, and STONE, Janet R.5, (1) Department of Geological Sciences, Indiana Univ, 1001 East 10th Street, Bloomington, IN 47405, wintsch@indiana.edu, (2) U.S. GeolSurvey, MS 963, Denver, CO 80225, (3) U.S. Geol Survey, MS 913, Denver, CO 80225, (4) U.S. Geol Survey, PO Box 628, Montpelier, VT 05601, (5) U.S. Geol Survey, 101 Pitkin Street, East Hartford, CT 06108 

New SHRIMP U‑Pb ages of detrital zircons from several lithostratigraphic units in south‑central Connecticut provide age constraints for their times of deposition and metamorphism, and show that traditional correlations of these high grade rocks with lowegrade equivalents to the north require major revision. Previous geologic mapping, reinterpreted in the modern context of assembly of Bronson Hill, Central Maine, Merrimack, Putnam, and Avalon terranes, leads to unacceptable correlations of units in these different terranes. 

Age distributions of detrital zircons from four samples of Hebron Fm. are similar to those from the Berwick Fm. of southern Maine, supporting the correlation of these rocks in the Merrimack terrane. These data indicate a Silurian deposition age, and are consistent with earlier mapping of rocks assigned to the Merrimack terrane south and east into the Avalon terrane. Detrital zircons from the Putnam terrane, near the type locality of the Tatnic Hill Fm., probably were derived from Laurentian sources (0.95‑1.8 Ga), deposited after 490 Ma, and were severely overprinted by Acadian metamorphism.


Two samples previously mapped as correlatives of the Tatnic Hill Fm. on the limbs of tight folds extending into Avalon are not correlative. Zircons from a biotite schist near Old Saybrook are surprisingly young (<350 Ma, i.e. Mississippian), and were defrom both Laurentian (0.9‑1.7 Ga) and Devonian sources. Zircons from a biotite schist from the east side of the Lyme dome are <440 Ma and derived primarily from Avalonian sources (0.50‑0.65 Ga). Quartzo‑feldspathic gneiss previously mapped as Ordovician Brimfield Fm. is younger than 400 Ma, and was derived entirely from sources in the Bronson Hill terrane (0.40‑0.49 Ga). 

On the basis of these new data, previous structural interpretations of antiforms and synforms must be abandoned. We suggest that parts of the Merrimack terrane and Mississippian metasedimentary rocks occur as fault slivers around the Lyme dome, separatintwo domains of Avalon terrane that differ in age by ~20‑30 m.y. (590‑600 Ma vs. 620 Ma). Other faults isolate Devonian to Mississippian rocks between Avalon and Bronson Hill terranes. The identification of these late Paleozoic metasedimentary rocks constrains the final assembly of Avalon terrane with Laurentia to the Alleghanian.

http://www.geology.yale.edu.proxy.lib.uwo.ca:2048/~ajs/2003/May/qn0503000410.PDF ‑   P‑T‑t PATHS AND DIFFERENTIAL ALLEGHANIAN LOADING AND UPLIFT OF THE BRONSON HILL TERRANE, SOUTH CENTRAL NEW ENGLAND R. P. WINTSCH*, M. J. KUNK**, J. L. BOYD*†, and J. N. ALEINIKOFF**  AJS, 2003, 303, p. 410‑446. Late Paleozoic U‑Pb ages of sphene and 40Ar/39Ar cooling ages of amphibole and muscovite from rocks of the Bronson Hill terrane in Connecticut and central Massachusetts reflect a late Paleozo(Alleghanian) overprint on Acadian metamorphic rocks. Prograde Alleghanian sphenes crystallized during the Late Pennsylvanian, and eliminate the possibility that amphibole ages reflect delayed Permian cooling from Devonian Acadian metamorphism. Fourteen new amphibole ages from Connecticut form a north‑to‑south trend of decreasing age from 294 to 245 Ma, while in Ma ssachusetts four new amphibole ages together with three others from the literature produce a random Carboniferous pattern. Seven new muscovite ages support existing data indicating uniform cooling throughout the Bronson Hill terrane through  350°C in the Early Triassic. The rate of Permian cooling defined by amphibole‑muscovite pairs increases from  4°C/my in northeConnecticut  to  50°C/my near Long Island Sound. Hinged loading and hinged but delayed exhumation in the southern part of the Bronson Hill terrane (with the hinge in central Connecticut) explain these ages and cooling rates as well as a southerly increasing metamorphic field gradient. One dimensional thermal modeling indicates that loading of Bronson Hill rocks must have begun by the Late Mississippian. The time of peak Alleghanian metamorphic temperature decreases southward from Early Permian in northern Connecticut to Late Permian to the south. These results demonstrate that the metamorphic effects of the Alleghanian orogeny are not restricted to the Avalon terrane of southeastern New England. On the contrary, the Alleghanian orogeny reset 40Ar/39Ar mineral ages, recrystall ized minerals, partially melted felsic rocks, and transposed fabrics at least as far west as the Bronson Hill terrane in south‑central New England. Maps and Photos  ‑  Fig  2

CONTIGUOUS RATHER THAN DISCRETE PALEOZOIC HISTORIES FOR THE AVALON AND MEGUMA TERRANES BASED ON DETRITAL ZIRCON DATA

MURPHY, J. Brendan, Dept. of Earth Sciences, St. Francis Xavier Univ, P.0. Box 5000, Antigonish, NS B2G 2W5, Canada, bmurphy@stfx.ca, FERNANDEZ‑SUAREZ, Javier, Departmento de Petrologia y Geoquimica, Universidad Complutense, Madrid, 28040, KEPPIE, J. DunInstituto de Geología, Universidad Nacional Autónoma de México, México D.F, 04510, Mexico, HAMILTON, Michael A., Geology, Univ of Toronto, Toronto, ON M5S 3B1, and JEFFRIES, Teresa E., Department of Mineralogy, The Nat History Museum, Cromwell Road, London, SW7 5BD, United Kingdom 

The Paleozoic evolution of the Avalon and Meguma terranes is crucial to the understanding of the Appalachian orogen. In the Avalon terrane of Nova Scotia, Ordovician‑Early Devonian rocks consist of bimodal volcanics at the base (Dunn Point Formation) disoverlain by ca. 1900 m of fossiliferous siliciclastics (Arisaig Group) which contain Llandoverian to Lochkovian fossils. U‑Pb zircon data from a rhyolite yields 460.0 ± 3.4 Ma for the Dunn Point Formation, and together with paleomagnetic data suggest development on a microcontinent at 30o S, outboard from both Laurentia (20oS and Gondwana (60oS), possibly in a rifted arc setting. Geochemical, Sm‑Nd isotopic tracer, and detrital zircon age data for Arisaig Group clastic rocks contrast with underlying Avalonian units, indicating a provenance source other than Avalonian basement. These rocks are characterized by negative eNd (‑4.8 to ‑9.3), TDM > 1.5 Ga, abundant 620‑520 Ma zircons, with lesser concentrations at ca. 0.9‑1.2 Ga and 1.5‑2.2 Ga. Archean zircons are minor. The Arisaig Group is inferred to be primarily derived from Baltica‑Laurentia, with increasing input from more ancient basement in the early Devonian. Detrital zircon populations from coeval strata (White Rock and Torbrook formations) of the Meguma terrane also contain abundant ca. 620‑520 Ma zircons and an important Mesoproterozoic population (1.0 to 1.4 Ga), that strongly suggests contiguity with Avalonia by the Late Ordovician‑Early Silurian. These coeval clastic rocks are interpreted to have been deposited adjacent to the trailing edge of Avalonia‑Meguma during Appalachian accretionary events. As Avalonia had accreted to Laurentia‑Baltica by the Late Ordovician, these data suggest that the Mterrane also resided along the same (northern) margin of the Rheic ocean at that time. This interpretation is supported by the absence of a Cambro‑Ordovician accretionary event, the lack of intervening suture zone ophiolitic units, and the similarity of Avalonian and Meguma basement Nd isotopic signatures in Paleozoic igneous suites. This conclusion implies that the Siluro‑Devonian Acadian orogeny was not related to collision of the Meguma terrane with the Laurentian margin. Instead, we suggest that the Acadian orogeny occurred in an Andean‑type setting. 

MAFIC MATTAPAN VOLCANISM AT WORLDS END, HINGHAM, MASSACHUSETTS: NEW DIMENSIONS OF ARC ACTIVITY IN THE SOUTHEASTERN NEW ENGLAND AVALON ZONE

AULT, Alexis1, THOMPSON, Margaret1, GRUNOW, Anne2, and RAMEZANI, Jahandar3, (1) Geology Department, Wellesley College, Wellesley, MA 02481, aault@wellesley.edu, (2) Byrd Polar Research Center, Ohio State Univ, Columbus, OH 43210, (3) Massachusetts Institof Technology, 77 Massachusetts Ave, Bldg. 54‑1020, Cambridge, MA 02139‑4301 

Avalonian arc volcanism around Boston, Massachusetts has mainly been recognized in caldera‑related ash‑flow tuffs of the 602‑593 Ma Lynn‑Mattapan Volcanic Complex. A new ID‑TIMS U‑Pb zircon date of 596.6 +/‑ 0.9 Ma (weighted mean 206Pb/238U age of four concordant single grain analyses) from volcanic ash at Worlds End in Hingham, MA now demonstrates that pyroclastic eruptions on land were accompanied by submarine eruptions of basalt in Mattapan time. 

The dated ash contains 66.98 weight % SiO2 and shows Zr/Ti and Nb/Y ratios linking it geochemically with ca. 593 Ma High Rock tuff of the Mattapan Volcanic Complex in Needham, MA. Physical links between subaerial and subaqueous volcanism are found in specontact relationships at Worlds End. Here pale green ash settled to form discontinuous, laminated horizons draped over a submarine basaltic lava flow. The flow was repeatedly disrupted by bursting pillows and spalling blocks so that ash in some places is engulfed by chilled basalt, while elsewhere basalt forms breccia blocks in the ash. Wet ash also exploded in contact with hot lava to shoot dike‑like stringers and ash‑filled vesicles through neighboring basalt. Apart from ash and basalt, the section at Worlds End is composed of volcanic breccia and volcaniclastic conglomerate. Clasts include banded rhyolite, welded tuff and basaltic to andesitic varieties (identified via bulk geochemistry) indicating diverse earlier volcanic episodes as well. Granite clasts derived in part from underlying Dedham Granite (dating in progress) are also present, but quartzite clasts typical of conglomerate farther north in the Boston Basin are conspicuously absent. 

The Worlds End sequence has traditionally been construed as an example of "Brighton" volcanic interbeds at the base of the "Roxbury" Conglomerate which together have been interpreted in terms of rift‑ or wrench‑related tectonism late in the Avalonian cycThis study, however, makes it clear that these particular basalts and associated conglomerates formed during the height of Avalonian magmatism in southeastern New England. Preliminary paleomagnetic results from the basalt are similar to directions previously obtained from the High Rock tuff suggesting that the Avalonian magmatic arc may have been located at low‑to‑mid latitudes at ~595 Ma. 

