Supra-subduction magmatism in the Moretown Terrane, a fragment of Gondwana in the western Appalachians
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Meta-sandstones of the Moretown terrane in western New England contain detrital zircons that reveal an affinity with the Gondwanan
(eastern) rather than the Laurentian (western) side of the Cambrian-Ordovician lapetus Ocean. In the Vermont Appalachians, metamorphosed
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mafic rocks, in the form of dikes and sills, cut this Moretown terrane. The meta-mafic rocks have geochemical characteristics similar to e e Y e e —
modern-day supra-subduction volcanics. Geochemistry suggests that the meta-mafic rocks geochemically were formed as mostly basalts or . . . ~550Ma <—"-> )
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rare earths, and have negative Nb-Ta anomalies in MORB-normalized extended rare earth element diagrams. € values for two samples are SIS newiing e (e
+3 and +5. The chemistry, taken together, suggests protoliths of the meta-mafic rocks may have formed in an extensional marginal basin(s), ~480 Ma o amdlgamated N evolution of the New England
perhaps near a volcanic arc(s). The meta-mafic rocks of this study are similar in chemistry to the pre-Silurian Mount Norris Intrusive Suite granofels ; afe Dike R T T T T e A G S e Appalachians from Coish

(MNIS) of north-central Vermont, and also to the Silurian-aged Comerford Intrusive Suite (CIS) of northeastern Vermont. If the meta-mafic Y (2010), modified after van
rocks of the Moretown are correlated with the MNIS, then the supra-subduction extensional environment could have formed in response to Staal et al. (2007), Karabinos
lithospheric delamination, following collision of the Gondwanan Moretown terrane with either a Laurentian microcontinent or Laurentia itself Sftvﬁiﬂg’sihg et al. (1998), and Moench and
in the Ordovician. If, on the other hand, they are correlated with the CIS, then the extensional environment may have formed by lithospheric Aleinikoff (2002).
delamination following collision of a Ganderia fragment with Laurentia in the Silurian. In either case, it is likely that the magmatism occurred | |
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' » - i - Folded greenstone near Craftsbury, Vermont ;11 \pbard Park, Montpelier Mafic dike cutting the dominant - P Mafic rocks of this study may have formed at two different times: 1) during the mid-Ordovician as a
‘ ’ ‘ foliation (S.) at Putnamville, Vermont result of lithospheric delamination following collision of the Shelburne Falls arc with Laurentia, and 2)
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. 1. Metamorphosed mafic rocks in the Cram Hill and Moretown formations of north-central Vermont formed as dikes
uriington . - - . . .
(and probably lava flows) in Early Ordovician to Silurian times.
T Rift - Drift Sample Locations 2. Their geochemistry suggests they were mostly tholeiitic basalt or basaltic-andesite.
_ 0 510 20 30 40 50 Sequence Moretown @ Cram Hill Formati |V GEOCHEM'STRY : . - : : f At
M Terrane A Moretown Formation : 3. Rare earth element patterns and negative Nb anomalies (relative to Th and La) are consistent with derivation of
U 4 1 10 primitive magmas in suprasubduction zone extensional environments.
B Mesozoic Intrusives o§: — | . 1os ~ 100 . . 100 . . . _ . .
e e K3 s g g sl R Cram Hill Formation Comerford Intrusive Suite (CIS) 4. The suites may have been derived by ~10 to 15% partial melting of fertile MORB mantle that had been variably
: Omp 2 | LA _ = , . . o . . .
ey { B silurian Intrusives g g %2 ~ s g N 0.6 §, % %m enriched in selected elements mobilized from a subducting plate. The mantle source for the Cram Hill suite was
. S _ 5 O |.n* . 104 % S less enriched than the source for the Moretown suite
Connecticut Valley Trough N Wrightsville D\g N A Cram Hill Formation U n . | o < = .
: £ Belt . Phonolit - P 102 5 D : .
B Gronson Hill Be b‘_ﬂ’ Explanation - mﬁrétgwn ;ZrT)ahon Comendite \ | o2, M5 z 3 2 1 5.The magmas of the Cram Hill and some of the Moretown meta-mafic rocks may have formed after collision of the
E:_- 1 = E | > 00 P t " t 0 IR NT T NURRRRNI TSI RN SRS ST L 00 \ Cﬁ g . . . . . . . .
HIOTEER ACETEIEE] TEEE | 5 o z : e . i 2 0 Shelburne Falls arc with Laurentia in the Middle Ordovician, perhaps as melts associated with slab break-off of an
The Taconic Allochthon & O Bg_| Devonian granitoids f < et Z SRS : : : : , :
o e ) <§ N Bar | Gile Mountain Formation o Rhyolie S . L . 114 °§ ] R RS easterly-directed subducting plate, as postulated for the Mount Norris Intrusive Suite (Kim and others, 2003). Other
B [ ] — c Q © Q E e — T QO > > LE o] ° ° ° . . °
e Y e / Waits River, Northfield & O Trachyte S Lt e R = 230 EZ GRS - > meta-mafic rocks from the Moretown may have formed from delamination in the Late Silurian, by analogy with the
Rift-Drift Terrane “a o . DSu | shaw Mt. formations = 0.1 Dacite I 6’15 - gumyts B A 119 o . . .
. Silurian-Devonian undifferentiated = | Trach = . @ [t 18 & Comerford Intrusive Complex (Rankin and others, 2007). Unfortunately, the chemistry of the mafic rocks cannot be
b Laurentian Basement = y < | " . | ' 100
~ Sequence Richardson Memorial Contact (RMC) N | Andes,te\/ Andesite | 1e & 0 Vount Norris Intrusive Sui used to distinguish different magmatic ages.
DSU i ] ] - J 9 10 e e e e L 4 ~ Oun OrrIS n rUSIve UI e
0). Cram Hill Forrhatlon 0ot | Bas/And ir '? £ Ll N | @ " @ (MNIS)
. . ep . < - - . © o A - = ’
Lithotect Unit th N & . - phyllite member l# l‘ Alkal ; f\\ # éu 8 C O O 10
o ic Onllc h!1I . iék‘ §& et Qchy undivided member : Subalkaline Basalt %10 v Ak, 6 o S s Vl I REFERENCES
ppalachians Q - Umbrella Hill Conglomerate i gl * Aa [ . = SR 2 .
fter Hibbard et al., 7 i Basalt — . - | = | : o
(after hibbard eta 2@,4 _ o o % 6 . ® 4 % § dli : % 1y Cawood, P. A., and Nemchin, A. A., 2001, Paleogeographic development of the east Laurentian margin: Constraints from U-Pb dating of detrital zircons in the Newfoundland
1 . Dg Mocr)?::owgirllzzrt:?;;ggranofels ember 0'0010 o1 01 . 10 O .l . - = 1, 2 w Appalachians: Geological Society of America Bulletin, v. 113, p. 1234-1246.
/ mq - : : m |
I Ochu Dar 5G] quartzite/phylite member Nb/Y Py T S S S TR s 0.1 - L —- A Cois.h, R., Ryan-Davis, J,, Amidqn, W., Kim, J., and Dietsch, C,, 2013, Origin of an Early Paleozoic arc-related sedimentary basin in the northern Vermont Appalachians: a detrital
. —— [ corvonaceous schist member 70 60 50 40 30 20 70 60 50 40 30 20 E2S8&EZ2EFZLE>TES SS9 gEZTEFZRAR -0 ES zircon study, AGU Fall Meeting Abstracts, p. 2404.
z 4 Z 5 =
- ] piedmont Om{ Montpelier | Mg # Mg # Coish, R. A., 2010, Magmatism in the Vermont Appalachians, in Tollo, R., Bartholomew, M. J,, Hibbard, J. P, and Karabinos, P, editors, From Rodinia to Pangea: The Lithotectonic
I | L Classification of mafic rocks as mostly basalts with the . . . , Extended element plots. All suites show negative Nb anomalies, Record of the Appalachian Region, Geological Society of America Memoir 206, p. 91-110.
B Peri-ourentian urits [ Avelonia 3 012 4 6 8 10 |9 Thrust Fault : ) . Oxide variations with Mg number are consistent . .
0 Peri-Gondwanan Arcs || Carolinia ‘ —T— ‘ exception of three Samples that plot as andesite or dacite. ith f i i £ olivi lagiocl characterisitc of subduction-influenced mantle. Mafic rocks of Moretown are Fyffe, L. R., Barr, S. M., Johnson, S. C., McLeod, M. J., McNicoll, V. J., Valverde-Vaquero, P, van Staal, C. R., and White, C. E., 2009, Detrital zircon ages from Neoproterozoic and Early
| Ganderia | Meguma with Tractionation oft olivine, PYyroxene & Plaglociase. similar to the Ordovician MNIS and Silurian CIS mafic rocks. Mafic rocks from Paleozoic conglomerate and sandstone units of New Brunswick and coastal Maine: implications for the tectonic evolution of Ganderia: Atlantic Geology, v. 45, p. Pages
d T | Piedmont Accretionar i i I . . . . . 110-144.
B .- Pledmont Accretionary Detailed map of the study dred, showing sample locations of maﬁcz rock§ the Cram Hill Formation have less enrichment in light rare earth elements.
G ized o ey t (adapted f Ratliffe et al. 2011) collected from the Montpeher Quadrangle and Craftsbury TOWhShIp. Thick red 200 Hibbard, J. P, van Staal, C. R., Rankin, D. W., and Williams, H., 2006, Lithotectonic map of the Appalachian Orogen: Geological Survey of Canada Map 2096A, scale 1:1,500,000.
eneralized geologic map Of VErmont taddpted irom hatc I, cctal, , ' line represents the postulated Red Indian Line in Vermont, as suggested by Mariana Trough Hollocher, K., Robinson, P, Walsh, E., and Roberts, D., 2012, Geochemistry of amphibolite-facies volcanics and gabbros of the Staren Nappe in extensions west and southwest
The Moretown Terrane includes the Moretown and Cram Hill Formations, Ryan-Davis et al. (2013) and Macdonald et al., (2014) CIJ100 - Back-Arc Ocean Crust 100 F s AT Formaton TR of Trondheim, western gneiss region, Norway: A key to correlations and paleotectonic settings: American Journal of Science, v. 312, p. 357-416.
. . I} . - . 0 3 5
which are the focus of this poster. % - m Moretown Formation  vajor oceanidge/  Oceansland oceanicare JCoTtnenl [ Karabinos, P, Samson, S. D., Hepburn, J. C,, and Stoll, H. M., 1998, Taconian orogeny in the New England Appalachians: Collision between Laurentia and the Shelburne Falls arc:
= - o CIS - Silurian a aline arcy Geology, v. 26, p. 215-218.
The western Vermont Appalachians expose rocks Of the Proterozoic Laurentian T-MA R-Drif g — 10 F « MNI.S S / Back -Arc|Basalts - ] Kim, J., Cc?ish, R., Evaps, M., a.nd Dick, G., ?003, Supra—subduction zone extensional magmatism in Vermont and adjacent Quebec; implications for early Paleozoic Appalachian
b i f d d f d | | ) . . (n = 578) S = - o Fertile MORB Mantle = ' > tectonics: Geological Society of America Bulletin, v. 115, p. 1552-1569.
- D f o =
asement, d Neoproterozmc rrt an rrt sequence, an Ear y Paleozoic Passive margin g. % < - Kim, J., Gale, M., King, S. M., Orsi, C. M., and Pascale, L., 2003, Bedrock Geology of the Montpelier Quadrangle: Vermont Geological Survey Open File Map VGO03-1, scale 1:24,000.
sedlments 18 the Champlaln Va”ey and Taconic sequences. In Central and eastern Laurentian Margin, NL (%5 o 1r Alkaline arc | - Fo1 Macdonald, F. A., Ryan-Davis, J., Coish, R. A., Crowley, J. L., and Karabinos, P, 2014, A newly identified Gondwanan terrane in the northern Appalachian Mountains: Implications
Vermont, terranes accreted to the Laurentlan margln are exposed. The Moretown (Cawood and Nemchin., 2001: n = 342) [ Q@ oconn M - - " for the Taconic orogeny and closure of the lapetus Ocean: Geology, v. 42, p. 539-542.
- ceanic arc ajor ocea Oceanislan
Terrane com prises the Moretown and Cram Hill formations. The Moretown Formation :; /\ 1 | Z i FMM e 010'4 — ” ‘ ”dfe — - 002 Moench,.R. H., and Aleinikoff, J. N., 2002, Stratigraphy, geochronology, and accretionary terrane settings of two Bronson Hill arc sequences, northern New England: Physics and
i tly schist fel tzite), and tone (Walsh et al., 2010). Th S o o - Larvd Lot Chemisty of the Earth v. 27, p. 47-95.
CRIMISIES [NNiok y St grano S (quar & e)’ kel GIEsnatoins (Wals . S a o ). The g VT-MA Moretown O == " _ /15 Rankin, D.W., Coish, R. A., Tucker, R. D., Peng, Z. X, Wilson, S. A., and Rouff, A. A., 2007, Silurian extension in the upper Connecticut Valley, United States and the origin of middle
Cram HIll Formation consists mostly of phyllite and greenstone. Detrital zircons o J — T~ (n=T69 = =g —— 5% 1A calc-alkali basalts Diagrams after Paleozoic basins in the Quebec Embayment: American Journal of Science, v. 307, p. 216-264.
extracted from quartz—rich units of the Moretown by Rya n-Davis (2012) ylelded age < g 0'010 1 | - 1 | - 10 %cé %’E‘E‘E‘EEQEES{;?:S Hollocher et al. (2012) Ratcliffe, N. M., Stanley, R. S., Gale, M. H., Thompson, P. J., and Walsh, G. J., 2011, Bedrock Geologic Map of Vermont: U.S. Geological Survey Scientific Investigations Map 3184,
distributions that indicate their provenance is peri-Gondwanan (Ganderian) rather than O b 3 Makarbasalls /- scale 1:100,000
L rErtiEr, 56 e previously S seallrEel [N ErE e, Hae AT age beead @ B Y 9.0 (ppm) 3D N-type MORB /- Ryan-Davis, J., 2013, Origins of the Moretown Formation, northern Vermont: A detrital zircon study: B.A. thesis, Middlebury College, 74 p.
’ . ’ / _ — : Mariana Arc Rift e : : i : ) . : ) . , , .
on the youngest zircons, is 514 Ma (Macdonald ot aI., 20 4). The Shelburne Falls arc was j\) Gar;gjeyglaatnfgalgsg'L\Iig%)ME &)Es I Voretomn Formation Calcula;c]ed Nt: anc:]Yb values for pri?itivekmfagmacsj (l:t 9% Ry?/n4[5)a:1/§:§oglséh R., and Amidon, W. H., 2013, Origins of the Moretown Formation, Vermont: a detrital zircon study: Geological Society of America Abstracts with Programs,
established on this peri—Gondwa nan Moretown Terrane oerhaps ds ed rIy as 500 Ma but o 10;0"/‘_\1/5;’/\;;0/\ T o M190Cc2/) S OLNT at ;ft. e M(])crfet?;van;Rg roc ; O(VI;ne )é( , Twelker, E., 2004, Geochemistry and field relations of greenstones in the Moretown and Cram Hill Formations, Montpelier Quadrangle, Vermont: B.A., Middlebury College, 66 p.
: : . 1 ~10% partial melting of fertile mantle (Pearce & Par- , , . ,
with a locus of maamatic activitv at ~475 Ma ( Macdonald et al.. 201 4). By 460 - 470 Ma Age (Ma) @ ©® ¥ O £ 3 T Q@ > 0 &= £ 9 3 : : van Staal, C. R,, Whalen, J. B.,, McNicoll, V. J., Pehrsson, S., Lissenberg, C. J., Zagorevski, A., van Breemen, O, and Jenner, G. A,, 2007, The Notre Dame arc and the Taconic orogeny
g . y ) . o . y - / 4 0oz L oOoF 4O WE>ID kinson, 1993) whereas Cram Hill magmas may have formed /10 Nb/8 in Newfoundland, in Hatcher Jr.,, R. D., Carlson, M. P,, McBride, J. H., and Martinez Catalan, J. R., editors, 4-D Framework of Continental Crust, Geological Society of America
the Shelburne Falls arc had collided with Laurentian and basins associated with it may Detrital zircon data for the Moretown Formation from a slightly more depleted MORB mantle. Initial & Memoir 200, p. 511-552.
0 o . . . . . . : Nd &
have been receiving detritus from Laurentia as well as peri-Gondwanan terranes. metasedimentary rocks (Ryan-Davis, 2012; Ryan-Davis Rare earth element patterns are similar to those from values of +3 to +5 are consistent with this interpretation. Trace eleme.nt conter.1ts in mafic rC?CkS from Moretovyn Walsh, G. J., Kim, J., Gale, M. H., and King, S. M., 2010, Bedrock geologic map of the Montpelier and Barre West quadrangles, Washington and Orange Counties, Vermont: U.S.
Mafic rocks (greenstones) of uncertain age occur in both the Moretown and Cram Hill etal, 2012; Coish et al., 2013; Macdonald et al., 2014). basalts formed during arc and back-arc rifting in the and Cram Hil format'ons are consistent with formation Geological Survey Scientific Investigations Map 3111, scale 1:24,000.
formations as dikes and possibly sills or flows. Here, we use geochemistry to show that Peaks at 600 - 800 Ma clearly indicate provenance of western Pacific. In extensional environments near subduction zones.
: : : : the Moretown is Gondwanan rather than Laurentian. Vl ” ACKN OWLEDGEMENTS
the mafic rocks formed in supra-subduction regions, perhaps in response to two ™ emistry of maf o f the Moret qc my z . dicates their origin f depleted e bduct .
. . . . . . . . e geocnemistry or marc rocks rrom the ivioretown an ram il rormations inaicates tneir origin rrom depieted mantie In a supra-su Uuction zone
lithospheric delamination events in the tectonic history of the Vermont Appalachians. : hemical diff b h f : b lained bv derivation f liahtlv diff | he chemi fth f We thank Evan Twelker and Scott Zolkos for their contributions to the early stages of this project. We thank Greg Walsh for
environment. Chemical differences between the two formations may be explained by derivation from slightly different mantle sources. The chemistry of the mafic : , ) ,
. L .. . : : g0 : : discussion of aspects of the geology of the Montpelier- West Barre Quadrangle. We are grateful to Middlebury College for
rocks from the Moretown especially is similar to mafic rocks from the Ordovician Mount Norris Intrusive Suite and the Silurian Comerford Intrusive Suite. o ; . Lo . el
continuing support of student-faculty research and its commitment to maintaining first-class analytical facilities.




