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Lat Prot roz ic Diabas Dik s of th N w J rs y Hibhland - A 
R 1nnant flap tan Rifting in th N rth-C ntr I App lachian , 

Ri ·hard o lk "rt 1 and John II. uiT r 2 

ABSTRA "'l 

liddl · I rntero;oi · w ·i-- s in th • ' w J ·r~ ') 1-l i~hlands 

<lr' intrude I hy ~1hun lant. \\'id ' i li ~ trihut I diaha~ ' Iii-- s. 

Til ·se Iii-- ·s postlbt' the r·~i liWI l.! l' <lnulite - ~ ra I · ;rc'rl\'ilk 

rnet ~unorpili s rn and <lrc ·1hse nt in ·ontinent ·ll m;lrl.!in · l \ ' r

sequen . ' ro ·b or ';unhri<tn ( r •oung 'I' ill,!C . Th ' \' <li'C ·ll ar

a ·tc ri;ed h ' dornin:u1t 11 mhca:-. t linc;u· tr ' n Is. thin ·hill 

man.!. lllS. an I : ktrp. mainl y ·onformab l · ·onta ·ts with th ' 

en ·I >s i Il l! M iudl, Pr l t ·rn; o i · r ) ·ks . 

C\\' Jersey 1-liPhl<ln Is di aha:-., Iii-- s h<t\' ' ·ompos i

ti ons that ar· lt)pcrsthene ll(ll'll1<lli\'e :1nd ar' 'nri ·he I in 

TiO _. P_O,::; . /.r. and li ~ ilt rar' earth ·I ·mc nts. P_ ) .- ·ontcn ts 

d ·fin· two di:-.tin ·t ~roup~. one It ,,. (0._ 0 .< I per· ' nt ) and 

one hi l.! h 1. 1 t) 1.(10 p 'r ·cnt ). ~ : 1j >r an I tr:1 · ·km ' Ill s sul.! 

~ ·st th at I otil ~roups h;1\'C und ' r \lone pla ~ i l ·las :tnd ·ii 

nop rox ·nc f'ra ·ti onati on t ut m~1 · h:1\'e f'ra ·tit 11<11 ·d from 

s ' I ar;ltc' lll < l l.! lll < l~ 1 : 1ppin ~ dilf·rent nnntl' sour · ·s. L ow 

P20 .' dil--c :-. poss 'S:-. 'O illJ os iti ons l) I i ·~!I or <-JU i1rl/ tlw ki 

ites. wh·reas ili ~ h P_O"i dik ·s ·1r· transirional lo ~~i~htl ' 

albli ·. The !litter ll'llh:lll y were ~e n ·r;lt ·d hy small 

;1m o unt ~ 1!' JTlrtial melt in~ of an ·nri ·hcd mantle s ur ·c. 
Til· lo \\' I 20 : d i h. ·s lll<1 )' h:1\' ' b '·n krin~d throu~h 

in 'l' 'i lSed alllOUill S o f parti:li 111 ' it ill ~ o f' a m;lntJc S l UI' '' that 

was sli l.! htl) rn or· d ·plct ·d in ·ompus iti on. po~~ill • by 

r ' Ill \'i ll o f' th e enri ·h ' I. lll ~ h p-o.- lll il~ lll i l. Both l.! l' > up~ 

h<l\'' maj or- ami tra · ' -clcrn 111 ·har<l ·tcristi ·s ·o n s i~t 'Ill 

with th ·r r ernpla · ·mcr11 in a rift -related . wirhin -plate 

t · ·tuni · s · ttin ~. 

' h 'llli ·all '. cv. J · rs 'Y Hi l.!hl amls di :1has dil--c: ar • 

di :s imilar to L <ll c Ordo\'i ·ian to Earl y Silurian(?) alkalin' 

intrusive ro ·ks <llld uikcs of' th ' 13 ''lller\'i ll lntruSi\·e Suit ' 

or to [arl Jurass i · b:1s:tlt ;1nd di :1hasc in th ' 

ajor-o · ide and tr;l · ' -el 'Ill 'Ill ·omposi ti ons of e\\' Jerscv 

Hi ~ hland : diab:ts · dik 'S arc rern;lrkahl y simil:1r It th o~' o f' 

t · ·urrcn · -~ of' L ;tt · Pro t ·ro ; oi · llt .... alti · 111 <l l.! ll l<l ti sm f'rum 

throul.!hout the 1\pp;lia ·h ran:-.. Til arc 1 r< habl) the s;11nc 

(10' anu \\' 'I'' Clll Ji a ·e I durrn ~ l ;q (:til rrt't rn ~ or the ' <1:-.tern 

onh 111 ·ri ·;111 ·r;tto n. 

: · ~\\ kl'~) ;L'llilli!l ' :ti . \11\L') . . _7 T! ~ lll \l ll . l'\J Ot'(l_ ,-

l kr:utlll~ll l ll l (;l·o lo '). R ut ).! ~':- U n1\ ' 1:- 11 ). ~ \\ : uJ... . 'J 0 102 

I TROD 110 

The . 'LIITCil ' ' ) j' ural a.· drl-- s that intru I' Mi Ill ' 

ass i !.! ned a 

· x ·'I ti on is th' stud ' 

s )lllC or th' 

most an I 'l rr lat' I til ' m '' ith 

·as t ( for 

thai til 'S' lil--c :-. may be Late Pr tcr )I t i · in al!c also and 

r oss ibl y ·orrelati\ ' wi th the di aba:' uik '.' il' studi ·d in th' 

Hudson Hi ghl ands . 

The ·urT ·nt stud 

t lk 'rt from 19 6 to 1991 ha: r 'veal ·d lllllll r HI .' pr vi 

mrs! unr ' ·ogni;.cd diab·1s' dik '.' and 1 •rmitt ·d a ·rili ca l 

examinati on >I' th · ori 'Illa ti on. stru ·tur . anJ l'i · lu r ·I ;H io n ~ 

or pr·viou: l I lll 'lJ I ' I dikes. l!t':) ·h ' llli ·a l . tud wa~ sub

scqu ·rlll unJcnak 'n !'rom whi ch r ·a~o n abl' ·onstr;unh on 

J ' r:' Hi !.! hl ancb dia-

srlll.\\ 'willus th term 



ClE )LOC!IC :Tl Dl F . I 

th >. t.li"-c thought to he of Lat ' Pt t 'H)/Ot · age. Beemer
\ illc dike for the Be m n tile Intnt '>t \ Sutte. and :'\.1 ' o 
t oi · dt"-c .. 
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We thank D.\ . I ankin. D . Gottfried. an I R.P. ~ > llo for 
cri ti ·al r'\ i \\ of thi manu ·npt. Their comment. w rc 
mo t he lpful. cal o thank . . I rake. Jr.. fort h op1 or
tuni t to ·ontributc to till . report . 

(J'EOLOGI "SETTI G 

T h , w Jcr. c ' Hi gh land and the ph . i ·a ll ·ontinu-
ou e\ York Hud~on Ht ghl and: constitut th laro '.' t of 
the M iddle Protcr >t.oi · ren i ll ) ma:s i f. in the north - ·en-
tral ppala ·hi an:, e tending south st from :outh ·tstern 

e York to n ar R adin n, Pa. T h J r. e H ighland: 
is und rl ai n b pl agi >c la:c- ri ·h nn iss and gran >fels, 
amphi bo lite, metadi orit . an I quartt.-r i ·h ·harm> ·kitic 
111 i .. . v hi ·h ar un · )nform abl o ri a in b a vari t o f 

ag . In rse , th Hi ohl and · i · di vided into t\ o sub-
qu al part · b unmctamorph o: d : dimcntar ro ·k · of 
ambri an throuoh r n Pond M oun-

tain r gion ( fi g. I ) . J r: Hi gh-
land. i: in fault onta t with s dimentar and igneou: ro ·k: 

f M ·ozoic ag in th ark ba:in . nth northv : t, th 
Middle Proteroz ic r< ·k · ar un ·onformabl ov rlain by, or 
in fault conta · t 
·Ia. ti · and carbonate ro 

Diaba: dike · ar 

P nd M ountain r oion . ike. are : ome hat I · abundant 
in th c ntral Hiohland , p rhap · du to poor r b dro ·k 
xp ·ur ithin and to the . uth of th Wi con inan t rmi -

nal m rain . Dik cone ntration · 'lpp ar to b gr ate ·t in 
th e Wanaqu , Blairstown , and High Bridge quaclrangl · and 
to a I ss r ext nt the B ont n quadran 0 1 ( fi g. I ). 

B dike: and r lat d alkalin ro k. 

n rthw ·t and ar 
n rm ati 

·a ll). the former are mar"- ·t.I b ' an enr i ·hm ·nt 111 l i!.!ht rar' 
ea rth element.., (LREE ). 1 artt ·ul arl ' La and 'c. and ar also 
' nri ·h ·J tn K_ ). Ba, Rh . .'r. and Zr · >mpar ·d to the li a
ba~e dtke . . In addi tion. B ' 111 ' n ·i ll' ltk .., ma be d i. ttn 
!.!Ui..,h' I in th fie ! I fr 1m cw J ' rs' ' Hi !.! hl a nd ~ di aba.., · 
Ji "-c in that th' former oft n ' ( nta in hi nit , ph · no ·r ~ ~ ..,of 
p ' ro n -, and >· · IIi of f ld: r ar and (or ) n ·phelinc, in 
pia ·cs, ell rvc: · in th 1 r :en · o f H I. an I ar ·a li ght ·r 
·olor on a fr·: h ~ urfa · '. !though th ' I3 c mcrvtll ' lik .., 

th ' Middl Pr )t · rot.o i · ro ·ks. 
h ' I ersth · n norm at i v di aba~ 

ambrian )r < ung ' r r< ·ks. '[hi ~ : ugg sts th at th' Be ' 111 ' r
vill lik ·~ and r · lat ·d ro ·ks arc oun !.! •r than th diaba. c 
dik ·~ . 

Hi ohhnds di aba: c dik '!--. arc al ~o di :~ imi 
lar to -arl Jurass ic ba: alt and diabase or th ' ba~ l ' I'll orth 

J · rs ' Hi n hl a nd ~ di a
Earl Jurass i · ba~ alt and 

in it<; ·nrichmcnt in Ti02. P _( . Zr, 
a ·ti it of ·arl M ~o t.o i · a1•c ma ' 

hav () . 'UIT d in the Hi l hhnds, and on ' obj' ·ti v . or thi ~ 
stud \. ·t t ) s -rutin it. dike c · ·urr· ·n · ' . forth· pr 'S · n ·c >f 

lik 'S , sr · iall in ar·as or th ' Hi o hland ~ adja
bord r fault. o lk rt (unpub. d·lla ) map1 I a sin 

o! dik fro m ·1 ga: pipeline trcn ·h a f ' kil omct rs vvcs t of 
the Ramapo fault and ·on: idcred it a r o. sibl c ·a ndidatc for 
a M ·c zoi · dik . It. ompo: iti on (tab! I , :ample . 64) is 
mark II diff r nt fr ) 111 th·ll c f th other Highlands diab · t ~ · 
anc.l c mfirm · that it pre babl is Jurass i ·. hcmi ·all , it 
cl : I rcsembl cs th ' old Sl or th e 11 ) .. in th' 
ba. in th 

th 

c Jer:c (Houghto n and 
th r po:: ibl Jurass i ·candida! ~ \ e re r ' ·
ithin th b )rd r fault t.on ( 'o. ta:. 199 1 . 

o c th r ca ndi 
lati on ith Jura:. i · ba:a lt and diaba: v rc 
ith r th ew J rscy Hi ghl and: or further to 

all and Rid o . 

DESCRIPTION OF THE DIKE 

FIELD RELATION 

The diaba. e dik 
in w idth fr m a f 
trik I ngth. of up t 

Highland: ran(' 
c ntim t r. t ab ut I . m and ha c 

ral ki I her tra · ab le b 
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Table 1. Major-oxide and trace-clement analyses and C!PW norms of New Jersey Highlands diabase dikes. 

[Major ox ides in weight percent ; trace elements in pans per million . LO I, loss on ignition: NA. not analyzed: M g'=[ 100(M g/M g+Fe2+)] . Sample localities arc described in the appcndtx . All samples but one 
are Late Proterozoic] 

Sample no...... 375 

Si02 ........ .. .. 
Ti02 .......... .. 

AI 20 3 ........ . 
e20 3 .... .... . 

FeO .. ........ . .. 

M gO .......... . 

aO ........... . 

Na20 ...... ... . 
K20 .... ....... . 

P20 s ....... ... . 
MnO ...... .. .. . 
LOI .... ..... ... . 

Total .... . 

Ba 

Ni 
Nb .. .. 

Rb .. . 

50.00 
2.87 

13.00 
5.90 
7.20 
3.85 
7.14 
2.56 
2.88 
1.2 
.23 

1.45 

98.3 1 

110 

A 

60 
300 

La ...... ........ . NA 

C ...... .. . .. . .. . NA 
Sm ............ .. NA 

Eu .......... ..... NA 
Tb ............... NA 

Yb............ .. . NA 
Lu ...... ..... .... NA 
M g' ........ ... .. 4 

28 

49 .80 
2.95 

13 .30 
5.30 
8.60 
4.57 
7.38 
2.52 
2.20 
1.19 
.28 

2.00 

100.09 

3 

47 .54 47.43 
3.32 3.89 

13.59 13.57 
5.76 6.35 
8.45 8.60 
5.31 5.29 
6.43 4.24 
2.80 3.62 
2.24 2.00 
1.48 1.48 
.24 .12 

2.74 3.4 1 

99 .90 100.00 

890 1040 580 
14 30 
NA 12 

30 NA 
40 NA 

400 330 
A 155 

50 NA 

290 NA 

NA 
NA 

A 

A 

NA 
NA 

A 
48 .6 

28 
68 
I I. I 

3.8 
.7 

4 .2 

.8 
52.8 

27 

6 
NA 
NA 

213 
171 

NA 
NA 

25 

67 
10.7 
2.9 
.9 
.0 
.6 

52.3 

High P2vs 
2 11 211b 21 1c 454 1250 15 

Major oxides an d LOI 

48.28 
3.49 

13. 16 
5.83 
7.55 

. 17 
7.59 
3.62 
1.39 
1. 3 1 
.23 

2.70 

99 .32 

NA 
NA 
NA 

A 
NA 

NA 
NA 

A 

NA 

45 

69 
11 .2 
3.9 
1.3 

.4 
49 . 

50.48 
3.80 

12.74 
5.88 
5. 1 
4 .08 
6.90 
3.52 
1.43 
1.23 
.21 

2.96 

98.4 1 

50.65 48.20 
3.55 4.02 

12. 19 14.32 
5.60 6.40 
4.95 7.9 
8.87 5.51 
5.99 6.13 
2.78 5.34 
1.32 1.13 
1. 32 1.27 
.2 1 . 14 

1.99 .46 

99.42 I 00.85 

51.15 
2.68 

13.9 1 
4 .87 
6.23 
5.03 
7.70 
3.10 
2.09 
1.60 

NA 
1.45 

99.8 1 

13.51 
6.3 1 
7.58 
5.42 
6.29 
2.14 
0 .13 
1.55 
.3 1 

2.65 

99 .07 

Trace elements and Mg' 

300 270 
25 16 
7 5 
NA NA 
NA NA 

73 Ill 
192 172 

NA NA 

NA NA 

A 

NA 
NA 

A 
A 
A 

A 
NA 
NA 
NA 

NA 
A 

95 
102 

46 
NA 
NA 

93 
290 

NA 

NA 

A 

NA 

NA 

NA 
A 

A 

iA 
55 .3 

NA 
58 
NA 
NA 

NA 
353 

NA 

A 
184 

NA 
NA 
NA 
NA 
NA 

A 
NA 

59 

60 
63 
27 
NA 
NA 

154 

168 
A 

NA 

NA 

NA 
A 
A 

NA 
NA 

56 

5-L 

49.10 
2 .66 

15 .00 
4.20 

10.00 
4.38 
8.92 
2.68 
1.40 
.28 
.20 

1. 23 

100.05 

NA 
40 
60 

350 
NA 

20 
170 

NA 
NA 

NA 
NA 

NA 
NA 
NA 

43.8 

503 

48.50 
2.66 

15.98 
4.61 
7.44 
5.04 
8.91 
3.04 
1.33 
.37 

NA 
1.6 

99 .55 

A 
109 
31 
NA 

NA 

301 
NA 

NA 
112 

NA 
NA 
NA 

NA 
NA 
NA 

A 

54. 

-B 7 

47 .98 
.72 

12.98 
6.25 

.24 
4.57 
7.65 
3.27 
1.00 
.51 
.24 

2. 12 

99 .53 

NA 
A 

NA 
NA 
NA 

A 
NA 
NA 

NA 

36 
55 

7.9 
3.5 
1.0 
3.0 

.S 
46.8 

Lo>v P20s 
554 20_ 172 

50.01 
3.56 

12. 14 
6.01 
8.12 
6.60 
7.31 
3.33 
1.22 
.81 
.23 

1.28 

100.62 

270 
40 
IS 
I S 

A 
370 

NA 

18 
220 

NA 

NA 
A 
A 

A 
NA 

A 
59 .2 

48.73 
2.60 

10.98 
5.16 

.50 
7.07 
9.34 
3.17 

.36 

.38 

. 16 
2.48 

99 .93 

51.40 
2.47 

12.70 
4.80 
9.40 
4.44 
8.30 
2.71 
1.11 
.30 
.21 

1.23 

99.07 

A 290 
85 <10 
20 NA 

A 40 
NA 40 
NA 290 
NA NA 

NA 30 
NA 230 

NA 
NA 

NA 
NA 

A 
NA 

A 
57 

NA 
A 

NA 
NA 

NA 

NA 

A 
45 .7 

174 

50.50 
2.67 

13 .00 
4.80 

10. 10 
.69 

8.23 
3.04 
1.50 
.35 
.23 

1.40 

100.51 

330 
10 
NA 

so 
40 

260 
NA 

30 
230 

NA 

NA 
NA 

NA 
A 

A 

NA 

45 .3 

2 10 

48.00 
2.48 

15.20 
3.50 
8.20 
4 .30 
6.83 

.33 
1.94 
.51 
. 18 

4.05 

98 .52 

880 
20 
NA 

40 
80 

440 
A 
0 

450 

NA 
NA 
NA 
NA 
NA 
NA 

A 
48 .3 

,::.. 

~ 

:::0 

"'0 

r 



r 
> 
-l 
m 
""0 
;:o 
0 

Table 1. M ajor-oxide and trace-e lement ana lyses and CIPW norms of New Jersey Highlands diabase dikes- Continued . -l 
(7j 
;;o -
0 
N - 0 Sample no ... 375 28 3 2 211 2llb 2ll c 454 1250 15 542 503 437 554 202 172 174 210 n 

CIPW norms 0 
> Q ............... 7.25 6.47 3.49 3.95 4.35 9.61 8.01 - 6.4 1 17.84 2. 16 1.08 4.22 4.25 1.55 7.78 3.18 - co 

17 .02 13.00 13.24 11 .82 8.21 8.45 7.80 6.68 12.35 .77 8.27 7.86 5.91 7.21 2. 13 6.56 8.86 11.46 
Ab ............ . 21 .66 21 .32 23 .69 30.63 30.63 29.79 23 .52 44 .34 26.23 18. 11 22.68 25 .72 27 .67 28. 18 26.82 22.93 25.72 28. 18 0 
An ......... ..... 15.48 18.48 17.90 11.37 15.56 14.74 16.89 11.77 17.87 21.08 24.77 26.03 17.79 14.58 14.67 19.21 17.40 20.80 7' 

......... ..... . .. - - - 1.29 - - - - - 2. 12 
Di .. .... ....... 9.60 8.44 3.49 - 10.87 8.92 3.28 8.22 7.86 - 14.61 12.71 13.66 13.09 23.66 16.48 17.44 8.01 'Tl 
Hy ......... ..... 9.00 14.33 17.26 17.52 8.88 6.03 20.57 - 11.78 16.22 14.54 11 .88 10.86 14.69 15.32 12.54 13.67 14.72 j 
01 ....... . .... .. - - - - - - 9.07 - - - - - - - - - .3 
Mt ...... ..... .. 8.55 7.68 8.35 9.21 8.45 6.37 6.35 9.28 7.06 9.15 6.09 6.68 9.06 8.71 7.48 6.96 6.96 5.07 

5.45 5.60 6.31 7.39 6.63 7.22 6.74 7.63 5.09 7.54 5.05 5.05 7.07 6.76 4.94 4.69 5.07 4.7 1 ~ 
Hem ............ - - - - - 1.49 1.22 
Ap ............... 2.85 2.76 3.43 3.43 3.04 2.85 3.06 2.94 3.71 3.59 .65 .86 1.18 1.88 .88 .70 .81 1.18 

(T1 

-< 
I 

0 
::r: 
r 
)> 

z 
0 

VI 



Sample no ....... 3 12 

Si02oooooooo···· · 
Ti02···· ···· ····· 
Al20 3 oooooooooo 
Fe20 3 oo OOOOOO OO 
FeOooOOOO oo ... oo. 
MgO ooooOOOOoOOO 
CaO oooooooo .• oo. 
Na20 OOOOOOooOOO 
K20 oooooooooooo· 
P20 s 00 .. 00 .. 0000 

MnO .... .. .... .. 
LOI .... ... .. ... . . 

Total ........ 

50.70 
2.79 

13.20 
5.40 
8.80 
4.11 
7.20 
3.69 
1.91 
.62 
.24 

1.2 

99 .89 

Ba ...... ...... ... 550 
33 

Ni . .............. NA 
Nb................ 30 
Rb ................ 40 

360 
NA 

30 
290 

34 
e 00...... . .... ... 54 

Sm ........ .. .. ... 8.8 
Eu ....... .... ..... 3.4 
Tb ....... ... ... .. 1.5 
Yb ... .... ... ..... 3. 
Lu ........ 0000.. .. .6 
Mg' ...... ....... 45.4 

387 

50.49 
2.64 

11 .69 
5.17 
9. 18 
3.99 
8.97 
2.63 
1. 39 
.4 1 
.18 

NA 

96.74 

NA 
42 
2 
NA 
NA 
NA 
NA 

A 
A 

A 
NA 

A 
NA 

A 

NA 
A 

43 . 

49 .63 51.74 
2.54 2.68 

i 3.07 12.07 
4.90 5.21 
7.71 9.26 
4.74 4.24 
8.55 9.37 
2.88 2.61 
1.22 1.32 
.48 .46 
.20 . 18 

1.66 1.22 

97.58 I 00.36 

NA 
102 
47 
NA 

154 

A 

NA 
NA 
NA 
NA 
NA 

A 
52.3 

NA 
4 1 

A 
NA 
NA 
NA 

A 
NA 

A 

NA 
NA 
NA 

A 
A 
A 

44.C 

IPW norms of New Jersey Highlands diabase dikes- Continued. 

59 329 

49.80 50.10 
2.74 3.2 1 

12.70 13.10 
5.00 5.60 

I 0.80 9.30 
4.40 4.70 
8.57 7.22 
2.57 2.94 
1.06 1.98 
.29 .42 
.23 .20 
.70 1.39 

98.86 I 00. 1 

310 
20 
NA 

30 
30 

240 
NA 

20 
250 

NA 
NA 
NA 

A 
NA 

A 
NA 
2.1 

320 
20 
NA 

30 
30 

310 
NA 

30 
250 

NA 
A 

NA 
f\:A 
NA 

A 

A 

47.4 

12.90 
7.00 
8.60 
5.18 
5.48 
3.28 
1.66 
.56 
.18 

2.50 

99.08 

480 
30 
NA 

50 
60 

4 10 
A 

30 
250 

A 
A 

NA 
NA 
NA 
NA 
NA 

51. 

12.60 
6.90 
7.50 
4.95 
6.69 
2.70 
1.90 
.59 
.2 1 

2.00 

98.34 

3.32 
12.70 
5.60 
9.70 
5.11 

.87 
2.63 
1.71 
.48 
.22 

2.31 

99.25 

26 1 

49.00 
3. 10 

13.10 
6.80 
7.70 

4-W 

4.76 5.57 
7.55 10. 10 
2.89 2. 19 
1.69 1. 30 
.62 .47 
.22 . 16 

1.95 1.54 

99 .38 I 00.35 

Trace clements and Mg' 

410 
10 

3 

A 
30 
80 

A 

30 
250 

A 

A 

1\A 
!\A 

54 

440 
45 
NA 

40 
40 

380 
NA 

30 
230 

A 
A 

NA 
A 

NA 
I\ A 
~A 

510 
20 
NA 

70 
50 

390 
A 

20 
260 

NA 
NA 

A 
NA 
NA 

A 

NA 
52.4 

430 
6 
NA 
10 
40 
30 
NA 

30 
220 

!'! 
56. 

..~.n -12 

14.5 1 13.23 
.58 5.96 

6.68 8.98 
7.34 4.51 
9.68 7.21 
2.38 3.96 
1.18 1.22 
.57 .44 
A . 19 

1.25 2.02 

98.97 I 00.06 

NA 
99 
23 
NA 
NA 

283 
NA 

A 

147 

A 

NA 
A 

NA 
NA 
NA 

A 

66. 

330 
40 
NA 

30 
30 

320 
NA 

20 
240 

34 
55 

.5 
3.3 
1.5 
3.1 
.5 
.2 

317 

7.96 
3.2 
.51 
.57 
.19 

1.54 

98.17 

210 
40 
NA 

30 
30 

310 
NA 

30 
220 

A 

NA 
NA 

A 
NA 

A 

NA 
50. 

8.50 
5.43 
8.33 
2.26 

3 81 

45.85 
2.78 

14.00 13 .8 
5.17 
9.16 

. 18 
9.84 
2.83 

5.28 
8.92 
5.14 
.22 

2.40 
1.77 1.05 2.36 
.74 .58 .57 
.2 1 .22 .20 

1.95 1.74 2.52 

9.48 100.16 100.12 

520 
10 
NA 

30 
50 

290 
A 

30 
270 

NA 
A 

NA 
A 

~A 

N 
~A 

53.2 

590 
92 
42 
NA 
NA 

398 
275 

A 
A 

15 
38 

.0 
I . 
.7 

3.1 
.5 

4.6 

1080 
103 
42 
NA 
NA 

592 
289 

A 
NA 

14 
38 

.0 
1.8 

.5 
55.1 

J ura.,s ic 

3 

47.40 
.84 

15.80 
3.30 
7.80 
8.15 

10.30 
2.08 

.50 

.07 

. 17 
2.85 

9.26 

80 
300 

NA 
<10 

30 
210 

NA 
<10 

30 

A 

NA 

A 

A 

NA 
5 

0. 

~ 

:-:1 

;;v 
\./1 
:-:1 
-< 
> 
_.:; 

rr. 

~ 
0t 
;;v 

'"'0 
r:; 
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of New Jersey High lands diabase dikes-Continued. 

Low P20s 
Sample no .. 312 387 382 372 59 329 I 5 98 26 1 440 443 

CIPW norms 

Q ...... ... ..... 2.54 7.54 5.66 8.13 5.86 4.24 4.55 7.34 2.85 5.84 5.38 2.00 
Or .... ... ... .. 11 .29 8.21 7.2 1 7.80 6.26 11 .70 9.8 1 II 23 10. 11 9.99 7.68 6.97 
Ab .. ... ....... . 31.22 22.25 24.37 22.09 2 1. 75 24.88 27 .75 22.85 22.25 24.45 18.53 20.14 
An .. .. ..... ..... 13.8 1 15.99 19.13 17.32 19.99 16.70 15.57 16.65 17.80 17.78 23 .71 25.43 

- - - - -.... ..... ....... - - - - - -
Di . ............. 14.63 21 .27 16.34 21.50 17. 11 13.36 6.38 10.10 14.77 12.5 1 18.71 15.04 
Hy . ...... ....... 10.60 8.01 10.16 8.59 14.07 12.71 14.34 10.54 13.63 9.68 9.78 15.74 
01. .. ... .......... - - - - - - - - - - -
Mt ... .. ...... .... 7.83 7.50 7.10 7.55 7.25 8.12 10. 15 10.00 8.12 9.86 9. 13 6.64 
11 ...... .. .... .... 5.30 5.01 4.82 5.09 5.20 6.10 6.72 6.27 6.31 5.89 4.79 4.44 
Hem .... ....... - - - - - - - - - - - -
Ap ...... .. ... .... 1.44 .95 1. 11 1.07 .67 .97 1.30 1.37 1.11 1.44 1.09 1.32 

42 317 1252 83 

1.34 5.91 4.85 -
7.21 3.01 10.46 6.21 

33 .51 27.67 19.12 23 .95 
14.72 17.65 20.10 22.40 

- - -
14.76 14.62 13.20 18.38 
10.27 10.94 12.69 9.84 
- - - 3.78 
8.64 8.99 9.71 7.50 
6.57 6.51 5.68 5.03 
- - - -
1.02 1.32 1.71 1.34 

Jura~s i c 

81 364 

- -
13.95 2.95 
20.31 17.60 
20.13 32.30 
- -

17.73 14.87 
2.61 18.28 
8.61 3.87 
7.66 4.78 
5.28 1.60 
- -
1.32 . 16 
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Figur ~. Phot< micrograph. or diahas J ikc. from th 
sh > in g scriciti 1 d plagioclas lath. (PL) . . uhh dral clinop 

Th cnri hmcnt of a, K . i , , r. and Ba and d pi ti on 
of a ma b attribut d to reacti on. invo lvinn th a ·: imila
ti on o f a- and K- ri ·h iddl Prot ro1.o i · r) ·k. during 
dike empl a ·em nt . r trog radc reac ti on: invol ing h dro
therm al . o luti ons ~ ncrated durino Ta ·onian, II gh·111i an. 
and (or) 'SOI.oic orog ne~ i .-. or a ·ombinati on o f both . 
13 'cau<;e 'no lith s o f Midd le Pr ) t roz )ic ro ·k ar un ·om 
mon and undi g ~ t ed. h dro thcrmal :olution: ar probabl 
th ' prin ·iral 'nri ·hm 'Il l rro ·c ~- dditi onal surport ·ome: 
from th e fact that ca lculat d i~co: iti s or \ J rse 
Highland s dike n agrna ·tr rclati el lo . ranoin g from 
I .X. to 2.9_ roi~es , sugo ~ tin n fairl rapi I dik mpla ·c
rnent and minimal r a ·ti on ' i th the ·ountr ro ·k. ~I h mo: t 
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o f thi ·k r dik ~ -
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Sample no 

Si02 ........ . 

Ti0 2 ...... .. . 

Al 20 3 ...... . 

Fc2o3 ....... .. . 
FcO ..... ..... . . 
.\ll gO ..... .. . 

a~ ........ . 
0/ a20 ....... . 
K 20 ....... . . 

P20 5 . .. . 
\II nO . 

13.42 
Oc • :1 

.43 
3.97 

.37 
2.64 
2.97 
1.27 
.24 

Sample no... . 3 12 

S i 0 2 . . . . . . . . . . 5 1 I . 3 9 
Ti02. ......... .. 2.83 
Al 20 3... ..... . 13.38 
Fc20 3 ... .. .... 5.47 
FcO ....... .... .. 8.92 
MgO . ... .. ... 4.17 

CaO . .... .. .... 7.30 
Na20 . .... ... .. 3.74 
K20 .......... .. 1.94 

P20 5. . ...... ... .63 
MnO ... ... ..... .24 

3.01 
13.56 
5.40 
8 . 
-L66 

7.52 
2.57 
2.24 
1.21 
.29 

387 

52.19 
2.73 

12.08 
5.34 
9.49 
4.12 

9.27 
2.72 
1.44 
.42 
.19 

2 
3.42 

13.98 
5.9 .., 

8.6 
5.46 

6.62 
2.88 
2.30 
1.52 
.25 

382 

51.74 
2.65 

13.63 
5.1 1 
8.04 
4.94 

8.91 
3.00 
1.27 
.SO 
.21 

2 

49.11 
4.03 

14.05 
6.57 
8.90 
5.48 

4.39 
3.75 
2.07 
1.53 
.12 

372 

52.21 
2.70 

12.18 
5.26 
9.34 
4.28 

9.45 
2.63 
1.33 
.46 
. 18 

211 

49.9 
3.61 

13.62 
6.03 
7.81 

.32 

7.86 
3.75 
1.44 
1.36 
.24 

59 

50.75 
2.79 

12.94 
5.10 

11.0 I 
4.48 

8.73 
2.62 
1.09 
.30 
.23 

2 llb 

52 .90 
3.98 

13 .35 
6.16 
5.43 
4.28 

7.23 
3.69 
1.50 
1.29 
.22 

32 

211 c 

51 .97 
3.64 

12.51 
5.74 
5 08 
9.10 

~.15 

2.85 
1.35 
1.35 
.22 

50.70 49.9 1 
3.25 3.67 

13.26 13.36 
5.67 7.25 
9.41 8.90 
4.76 5.36 

7.31 5.67 
2.98 3.40 
2.00 1.72 

.43 .58 

.20 .19 

-1)-1 

48 .0 1 
4.00 

14.26 
6.38 

.90 
5.49 

6. 11 
5 . 3~ 

1.13 
1.27 
.14 

5 

50.86 
3.43 

13.08 
7.16 
7.78 
5.14 

6.94 
2.80 
1.97 
.61 
.22 

1250 

52.02 
2.73 

14.15 
4.95 
6.34 
5.12 

7.83 
3. 15 
2. 13 
1.63 
.00 

Low P2v s 

98 

49.10 
3.42 

13 .10 
5.78 

10.01 
5.27 

8.12 
2.71 
1.76 
.50 
.23 

15 

51 .03 
.12 

14.0 I 
6.5-+ 

.86 
5.62 

~ . 52 

2.22 
0.13 
1.61 
.32 

26 1 

50.24 
.18 

13.43 
6.97 
7.89 
4.88 

7.85 
2.96 
1.73 
.64 
.23 

:'i-12 

-+9 .69 
2. 

I 5.18 
.25 

10.12 
4.43 

9.03 
2.71 
1.42 
.28 
.20 

440 

49.49 
2.55 

13.86 
6.38 
7.69 
5.64 

10.22 
2.22 
1.32 

. I 

503 

49.55 
2.72 

16.33 
4.71 

.60 
5.15 

9. 10 
3.11 
1.36 
.38 
.00 

443 

49 .59 
2.39 

14.85 
4.69 
6.85 
7.52 

9.90 
2.43 
1.2 1 
.58 
.00 

13.33 
6.-+2 
9.-+9 
-+ .69 

7.85 
3.3 
1.03 
.52 
.25 

-12 

50.62 
3.30 

13.20 
5.88 
9.28 
4.59 

7.53 
3.24 
1.65 
.53 
.22 

3.5H 
12.22 
).05 
8.1 
6.6-+ 

.36 
3.35 
1.23 
.82 
.23 

3 17 

50.09 
3.55 

12.83 
6.42 

.00 
5.18 

8.24 
3.38 

.53 

.59 

.20 

5.29 
9.75 

.25 

9.5H 
3.25 
.3 
.39 
.16 

3.07 
13.33 
6.87 
8.72 
5.57 

8.54 
2.32 
1.81 
.7 
.2 ~ 

-+ .91 
.6 1 

-+ .5 -+ 

8.-+8 
2.77 
1.13 

.3 1 

.22 

2.69 
13.12 

-+ .8-+ 
10.19 

-+ .73 

8 30 
3.0 
1.51 
.35 
.23 

81 

-+6 .97 
2.85 

14.22 14.22 
5.25 5.41 
9.31 9.1 
6.28 6.29 

9.99 9.45 
2.88 2.46 
1.07 2.42 
.59 .58 
.22 .20 

210 

50.81 
2 63 

16 09 
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Figurr 6. I) lot of Ti02 ,. ·r~us Y /N h fo r liitha:--c dd,cs . 1-'i ·I b :lrL 

:1. co ntinu1t :ll ;tlk:tli has:llts: h. ·ontincnt:ll thokiitic ha:--:1lts. 

Di :t~r< llll 1110 l i fie I from Fl l ) d an I \\ in ·hc~tcr ( 197 _ ). .'olid 

·ir ·lo. lo" P _ 0 dil-.cs: ~oli I tri · 1n~ks . hi~h P ~O ~ dih: ~ . , ) mhol s 

ill thi-.. :tlld !--llh~l' jliCil( fi~LIJ'O <lrL th ' ~ ' lllll' ''\ 'L'Il \\ h 'rC !--l:llc I. 

pla !.!io · l ; 1~c fra ·ti unati on arc C\'id ·nt on th' ~!.!( ,·ariation 

di <l !.! t';tlll .' (l'i!.!. 7). The p lS iti\'C ·o rT lati on or I_ ), and 

'a0 wi th !.! :tnd the ill\' 't'SC '() ITCiati on o f th' mos t 

in ·ompatibl' clclll ·nts \\'ith 1!.! . parti ·ularl y Si02 and Zr. 

ar· ·onsist ' Ill with th' rra ·ti onati on o r ·linopyroxc n and 

·a l ·i · pLt !.! i ·la:-.c . 

Th· hi !.!h I ' \T is ofF · ) 1 10.5. - 1.'" .. 1 · r··nt ). TiO _ 

_ ,--l ( . . 7 I cr ·cnt . and (_75 - ) ) ppm) or LP I s:trnplcs 

arc probahl ' th r·su lt o r ex treme th o! ·iiti. trend iron 

cnrichm ·nt. l 'Crt pr· 

vent ·d frorn cr 'Stalli;in !.! durin !.! early sLt !.! ·s o r fra ·ti on

ation t · low p02 ·onditi uns in ad ·cp. dry ma !.! llla ·hamt cr. 

Th' ah:-. ' 11 ·c o r 111 <1!.! 11 ' lite or ilm ·nitc phcno T) SIS ;t nd the 

abundan.' o f l<tt' quell ·h d ' ndrit 'S o f 111:1 !.!1\Clitc SU!.!,!,!eS t 

that pO_ ,·:due. \\" r · hc l I lo\\' until :1ft ·r th • lik 'S \\" rc 

cmpla ·cd . 

Total ·on. 'Il l ration: o r Rl ·: l ~ Ill LP ~ :-.:llllpl 'S li splay a 

~om wh<ll ·nri ·h d 11'111 rn rc lati,·e to ·hondrit ·s '"'ith La/ 

b, r;lll!.!.ill!.!. from _ .5 to .7. LR IT . ;u·c · nn ·hcd from -L H 

II_ chondrit c an I O \ ' ·ra il th pattern mimi ·-; th at l f the 

HI() dik ·~ ( fi1• . 0) . Tv,·< )r til· nH r· !.! -ri ·11 d ik ·:-. >( 

per · ·n t) h<IV' I< wcr t Hal R E l : ·on · ntntr ms th an til' other 

LP) dih. 's . ;unplcJ and on fi!.!Ur' 0 disphy a!.!. ·ntl ·r n'!.!a

ti,· slopin 11 paucrn . I at ·lilT ( 19 )7) i I ntif1 I a !->imllar 

group of dih. '!-> from til llu h n Hi !.!hlands tint lrl\ c 
slio htl ) hi!.!h r !]~ ) and lo\v r LRl :. l:: · 1n t 'n ls than til ' 

otln· t.iik 's h studi I. n a I RB -normalird in ·om1 ati 

blc cle ment dia!.!ram (fit!. I {}). L 

than in the LP ~ and ha,· ' La/ b. ran!.!.in~ from --l.5 to l .0 . 

LREE ar· ·nri ·hed from 77 to 1--lO ~ ·hondrite . r·llc ·till!.! 

th ' s l mc\\'hat m ) I'~ '"t lvc l · )Ill ! o~i ti ) 11 r th HP I tlik ·:-. . 

C \' ·rail, RJ: E pntt rn : for both LP 1 and Ill ~ dih. ·:-. ar • 

quit' si mil ar l ) th o:e or 1thcr L at ' I r )( r I )i. I asal t i . 

·I " Formati on in crnH nt ~ o i s h and t th ·rs. I 0 . ) and 

Hu Is( n Hi !.! hlands diabase lik 's Rat · lille , I 0t 7 . 

lthou!.!h · lmpl t ' tra · ' - · I ' Ill nt hw arc not a\'ail 

<lblc for the H I 1 . suffi ., 'nt data wcr' ot t·tin' It 1 p rmrt a 

· llnparison \\'ith til ' LP 1 p<llt 'rn in fi uure I 0. Th 'J"C 

<lj I cars to he littl ' b. Cl'\"lt I ' dill·r 11 . ' in th I att · rn ~ or 
th· two group: "'ith th ' x · pti n 11' b t) Zr. Til· HI 1 

dis1lays no tr ugh here becau. e )j' th · hi !.!h I ·ont ·nt and 

instead Ins ;1 more linear slo1 in g 1 altern . B oth gro ups 

exhibi t ~~ · 1 ~1 - b p ·ak that is ·hara ·t ·ri sti · ) f '(ll1tin · nt :1 1 and 

c. ··ani · alkali b~L · alts an I suuge:-.1:-. <I ·ontriluti < n from an 

·nri ·hed mantle sour · · (Thompso n and nt h ·rs. I 

\ ibon. 19 0) . 

PI~TROGENE I , 

<lri ous dis -rimina tion di a., rams usi ng immobil • · I ·

m ·nts were u. ·d to ·m rclat ' the !.! 't ·h ·mi ·al ·om posi ti ons 

or the \\ ' Jcr:-. I Hi ghlan c.b di abas' dih. 'S to asp' ·i fi . l ' ·

toni · s ·t tin !.! . II of th , s;tmll •. fall ·on. is t ntl in th , f'i ·I I 

o f within -1lat , l ·1salt. on diaorams lf Zr-Zr/'l ( f'i~• . II ) and 

b-Zr- fiu . I _)_ a. w II as u numb ·r f th ·r Jra..!ram. 

abs '11 ·' in O\'Crl ' in g ·ontin ntal margi n 

·art onat' ro ·ks. 

Th !.! '1oraphi O\"' rlap bet een th 

dik ''> ;tn I th hemi ·a l similariti · of the ith 

mor' hr ghl I rra ·ti 111'\l ·d part or th LP . 'lrti · ul arl 
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Th r fore. int rpret th m t be part of the . am Iap' tan 

rifting c nt that g n rat d the a for m 'nt i< n d o · ·urr 'n · : 

fLat Pr t r :to i · ba:alti · ro ks . 

.1: 

ambrian )r 

n · ro ·b, : uo gcs ts th:11 th e ;u· o l I. 'r 

the 111 ;lla ·hians. LH I rot 'r )/. i · 
ba: al ti <.: maonwti : m as : oci.at d \i ith ril'tin!1. o f th eas tern 

orth m ri an -rat m i: r a:onabl I ·onstrain' I b ' £! o

dmmolooical : tu l ie: with boun ling ag : of7 . -L 6 Ma for 

th e B ·tk rsvill " Jabbro dik !--. in th e : )U th ~ rn Blu Rid !!' 

th 'rs. 19 6) and 57CLJ6 Ma ( Badn ' r ·md 
atoctin ·orm ·l!i >n in iruinia. K <tlll ) 

and others J<. 9 ) ohtain'd an <ll! of 615 _ _ Ma fer th' 

L~HH!. Range dik 'S in Labra I )L This <l!.! : rrcad sul!QC. t: a 

prot r;t ct 'U p ' riod of riftin u ith cpisodi · puis'S >f nngma 

ti: m . This -pi s< di ·it ' rml hav b 'en rclat 'd to int rmitt 'Ill 

peri ods of ·ru!-.tal t ' 11 . i m <tnd '"''a!--. r . ponsible for produ ·

in~· b'l .''l l ti . llltllllll ' l ( r sli uh tl vary in !.! ·ompo:i t ic 11 . ' I h 

•tpp<tr ·nt Ia ·k o r an .' 1St ·mat i in TC ' \S > or d' ·rc ·ls 

th s ancs <l lonu strike from the :outh 'rn to th 

p]Yilachians prohibits a ~pe ·iric <I!!' cstimat' forth 

J 'r.· lliuhland ~ di<t a~' dik ':-, . 

ltlmuuh no appar·nt r ' lati on is s' 'll b ' tw "n I 1 : 

·ontent ;md tr'IHJ o f C\ .J er~ y Hi !.! h l ~tnd : d[k ' S . a d 3 f'init ~ 

r ·hti on seem: to c i!--.t b ' tv c ·n P2 . ·ont ' nt ·tnd .r o

gr;q hie lo ·ati<)fl . I s1 it' th 1"<1 ·r that I [p 1 and LP 1 po1 u

lati on!--. ov ·rlap !-.patiall . it t!--. c l c<lrl y !--.cen on fi~ur' I that 

HP J dike: <l rc r '!-. tri er ·d in th ir o · ·urT n · to the v st ' rn 

Hig hl <tntb , ' h re th ' d fin an arra tr · ndin g appr 1 i

. () 1 ~. ·t:-, dc tcnnin ' I h the strik of th dik ·s. o 
dik " havin i! a I I P i ·ompo!--. it ion arc : •en ca~ t of thi,s arr~1 . 

whi ·h j..., her ·in nam d th HI Ci rnagmati · front. B ·aus 

th !--.C d1k ':--. arc more cvol vcd than Ll ~ dik 'S, the HPG 
mag 111a11 · front qu 1tc 1 O!--. . ibl y lllarh the limi t of '<1rh 'r, or 

p r lwp~ carli ·~ t , manmat1:--.111 <tssoc l c.ltcd w1th [at' Pr ll m
t.o i · riftin g in th ' ·w J rs' Hi <, hl<1nls. Th' more 

Equal! 

arr;1 · )f Ill 

HI IlL 0 19 

Ill~]. 19_<.: ). R 'tra ·ting th' transp( r! 'd ro ·J... s t r .I 1111 I J Lll111 

Mountain an I as!--. -i ·Hcd HP , likes !--.Out 11 ast t ) th, ·utT ·nt 

p< si ti on or th' H l tlla !.! lll ati . front : ugg .'IS ;] m inlllllllll 

li . j la' 'Ill nt f' '1ppr im · I ly .9 1-,m f r J '1111) JUI11J 

M )Untain . cv ral o f th' dikes n J 'n ny Jum1 1ountain ar' 

·ut l ' thin , n )rth ·a~t - t r nding. :outh ' ·tst - lippin u. du ·rik

sh ·1r z ) 11 s . If on' assu m ' S 1 hat t h' form ' I 111 ' 1111 ) I' a 

11 OLJS wi th th' north\\''stward thru . tin g o r Jenn) JUI11J 

M< untain, ' hi ·h rak' an I L ' ttl · 1 (, )) stat ' d i. 

11 !.!hanian , th cnth -- dik ·s ·J-ar] , pr· '-<..lat·thc 

oro_eny. [t is no t 'worth ' th at non ' )f the di "-c ~ cas t ' f 

J ·nn I Jump M )LHHain ar ' Ut b , th ·s du ·rile :--.h ·ar tDII ·:--. . 

Tht.::r'for . Ill ~ dik 'Son J 'nny Jump 1ountain may ha\ 

> ri~i. ll'tl l y b' n p ~1r t c f th' I ll 'IH<H! Illati c front . ll'tbJ.' JS. ). 

t h n a n ' : 1 i m at ' ) f <1 h u t 7 k m d i s f 1 a · c m ' n r ror .I · n n 
Jump Mount ·1in is r'a~onahl ' . 

ha 

an 

CON L SIO S 

Midll Pr)t r);.oi · ro ·k:i nth ' \. .l 'rse Hi }!. h!and:--. 

intruded b abund·u11 and id 
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c f ea. tern orth Am ·nca. Alth ntgh liP J and 1 PG dike~ 
app~;;ar L > v rlap .-pattall} and t mporall). the more limited 
beo.., raph i · dt...,tributi on of the HP \\ ithin th ~ roader field 
of the LP suggests that mpla ·em nt >f HP dik : rna , 
have slight! pr ·eded that f LPG dikes . Th ~ f rm r are 
rc:trict d u1 urrcnc t the we:tern Highland . . wher a. 
th latt r overlap H PC! dike~ and are more widespread. The 
fe Jcr~e Highland~ dik s of int 'rmediate P _0_ ·on
l nt are tran ·itional b't' c n HP and LP population and 
may r fleet a ·hang in rn "matic compo ·it ion toward th 
. lighti later, mor th t pr du ·ed the 

LPG dik . 
that diabase dike. in th ' J r Hi gh-

·orT lative ith th at ctin For-
·curr nc . of Late Prot rol oic ba ·altic 

magm ti ·m and that the documen t anoth r importam r m
nant of lap tan rift-r lated magmati : m in th ppalachi an ·. 
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