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Abstract.

A summary of absolute age determinations of Norwegian minerals and rocks up to
March 1964. Map ok localities, diagrams and analysis of the data. Major orogenies occur
red at ~ 900, ~ 400 and possibly at "" 575 m. y. K/Ar time, volcanogenies at 580 and
"-< 250 m. y. Anorogeny occurred at 675 m. y. ±, after ~ 300 m. y., and possibly at 500
ln. y. ±. Indistinct and uncertain events at ~ 2700, ~ 1800, ( ~ 1400), 1100 (- 1050)
and 850-800 m. y. are discussed.

During the years 1958-64 absolute age determinations of biotite and
muscovite separated from a number of Norwegian rocks were carlie6
out by the "I^adoratoi-^ for pre-^amdlian (^-eolo^" in Leningrad under
the lea6erBnip of E. K. (--eriinF, S. V. Obruchev and A. A. Polkanov.

The late A. A. Polkanov, Academician, Director of the Laboratory for
pre-Cambrian Geology, suggested in a letter dated Bth July 1958 to the
director of the Geological Survey of Norway that cooperation between
the Survey and the Laboratory might be started in order to provide
certain geochronological data to be presented at the International Geo
logical Congress in Copenhagen in 1960. The project soon materialized
and work went on without much interruption for some time even after
the Congress. However, it now seems necessary to bring it to a conclu
sion; at least a substantial reduction must be foreseen, since an intrinsic
part ok the original motivation obviously does not exist any more.

preBent paper i8a briek BuinininF up witn a kew trivial rernarl(B,
dut >vitnout anv pretenBionB ok exnauBtive evaluation and utili^ation ok
tne data preBented. 3onie ok tneBe data nave deen publiBned and coin
rnented on by (1.c.) and dv ?olkanov (I.c).
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Rock samples for age determinations were collected by the Survey,
inoBtl^ in connection with routine kiel6 work. I^urtner 82inp1e8 were od
tained from museums and geologists outside the Survey. Excursions for
the sole purpose of procuring samples could be made only to a very
limited extent, therefore the collection is not as complete and systematic
as one might wish. - The separation of mic23 and the alkali 6et6linin2
tionB were done by the 3urve^ under the BUpei-viBioli of Mr. Chr. Oicli
I"tiorkil6B6n, geologist, and Mr. Roar Solli, 2H2i^Bt, reBpectivel^. The
present writer W2B in charge of the proviBioii of rock 82inp1e8 and the
correspondance with the Laboratory in Leningrad. - As may be seen
from the reports of the "Laboratory for pre-Cambrian Geology" (copied
as tables no. 4, 5 and 6 in the present p2per) the X/^.r-metno6 was em
ployed, in two instances controlled by Rb/Sr-measurement.

The localities of the samples are shown on the map fig. 2 as dots with
age numbers (in m. y.). On the same map were, further, plottet (from
Neuman's (1.c.) complete list of 1960) localities of other available age
determinations carried out according to various methods by various in
vestigators. (Only those marked by Neumann with an asterisk were in
cluded. - Regarding 776 m y. Kviteseid, and 882 m. y. Senomstad, see
below.) To avoid congestion these age determinations were, unlike
those of the Laboratory for pre-Cambrian Geology, not plottet in
dividually and with age numbers, but BUlnni2ril^ only, as circles 1-23.
It should be understood that the circles denote localities only, without
any systematic grouping. Each of them was drawn with the ane object
of enclosing 28 rn2N^ sample localities as possible without the circle
getting unduly large.

This procedure obviously called kor 2 list not only of tne determina
tions from the Laboratory for pre-Cambrian Geology, but also for liBtB
of other age determinations. Consequently tables 1 and 2 xvere prep2red.
The latter include all known absolute age determinations of Norwegian
minerals (rocks), and ni2^ be re^2r6e6 as a supplement to Neumann's
complete list of 1960, which should de consulted by the reader for
neceBB2r^ 6et2iiB. Neumann (1.c.) 2180 inclu6eB 2 discussion of the age
o'eterinin2tionB, as mentioned above.
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circle 7 (Oad):
circie 7 a (Od):

243 m. v. Thorite. Brevig. - 355 m. v. Thorite. Brevig. -
565 m. v. Biotite. Fen, Holla, Telemark. - 585 m. y. Biotite.
Near Fen, I^olla, Telemark. -
216 m. y. Zircon. Trondheimsveien, Oslo. - 235 m. y. Molyb
denite. Sørumsåsen, Røyken. - 259 m. v. Zircon. Trondheims
veien, Oslo. - 259 m. v. Biotite. Skoglyst, Drammen. - 284 m.y.
Biotite. Sande, Vestfold. -

Circle 2 (Db):

Circle 3 (D (E) b) :
Circle 4 (DEb):

1105 m. v. Liotite. I^,e>renBlla^, OBio.
615 m. y. Molybdenite. Thoreby, Varteig. - 839 m. y. Biotite.
Iddefjord, Østfold. - 920 m. y. Uraninite. Karlshus, Østfold. -
929 m. y. Biotite. Heller, Askim, Østfold. - 965 m. y. Mus
covite. Hyttåsen, Hobøl, Østfold. -

Circle 5 (De): 950 m. y. Biotite. Hedal church, Oppland. -
700 m.y. Molybdenite. Rollag, Nummedal. - 709 m.y. do. do. -
895 m.y. Sericite. Bjertnes feldspar quarry, Krødsherad,
Buskerud. - 1041 m.y. Phlogopite. Snarum, Buskerud. - 1055
m.y. IVluBcovite. Near Spone church, Modum, Buskerud. -
965 m.y. Biotite. North of Tinnsjø, Telemark. -

<2irc:le6(Od(c)):

Circle 7 (Db):
Circle 8 (Cb) : 862 m.y. Molybdenite. Kobbernuten, Bykle, Aust-Agder. -

621 m.y. Molybdenite. Tarjeisberg, Telemark. - 657 m.y.
Molybdenite. Bandaksli, Telemark. - 676 m.y. Molybdenite.
Riehammeren, Berge, Telemark. - 687 m.y. Molybdenite.
Dalen, Telemark. - 691 m.y. do. do. - 915 m.y. Biotite. Tar
jeisberg, Telemark. - 1560 m.y. Molybdenite. do. -
880 m.y. Lepidolite. Tørdal, Telemark. - 900 m.y. do. do. -
950 m.y. Microcline. Tørdal. -
815 in.v. Biotite. Sandå, s. Sundsli, Aust-Agder. -
450 m.y. Euxenite. Kalstad, Kragerø. - 530 m.y. do. do. -
940 m.y. do. do. - 980 m.y. do. do. - 1080 m.y. Biotite. Øde
gården verk, Bamble, Telemark. -
610 m.y. Thorite. Tvedestrand. - 679 m.y. Molybdenite
Hosås, Risør. - 840 m.y. Cleveite. Auselmyr, Holt, Aust-
Agder. - 850 m.y. Biotite. Fevik, Aust-Agder. - 850 rn.v.
Biotite. Amtmannsvingen, Aust-Agder. - 870 m.y. Biotite.
Flaten, Aust-Agder. - 925 m.y. Biotite. Flaten, Aust-Agder. -
935 m.y. Biotite. Tromøysundet, Aust-Agder. - 940 m.y.
Biotite. Assevvann, Aust-Agder. - 1010 m.y. Biotite. Hisøy,
Aust-Agder. - 1040 m.y. Biotite. Langsev, Aust-Agder. -
1060 m.y. Cleveite. Auselmyr, Aust-Agder. - 1070 in.v. Clev
eite. Auselmyr. - 1085 m.y. Cleveite. Auselmyr. - 1090 m.y.
Cleveite. Auselmyr. - 1090 m.y. do. do. - 1105 m.y. Biotite.
Hisøy, Aust-Agder. - 1110 m.y. Cleveite. Auselmyr. - 1345
m.y. Biotite. Langsev, Aust-Agder. -
860 m.y. Biotite. Landvik, Aust-Agder. -
755 m.y. Gadolinite. Frikstad, Iveland, Vest-Agder. - 820 m.y.
do. do. - 860 m.y. Muscovite. Iveland. - 882 m.y. Molybdenite,
Tveit, Iveland. - 884 in.v. Blomstrandine, Kåbuland, Iveland.
- 920 ln.v. Blomstrandine. Kåbuland, Iveland. - 962 m.y.
Molybdenite. Tuftan, Iveland. -
485 m. v. Euxenite. Rømteland, Vest-Agder. - 495 m.y.
Thorite. do. - 560 m.y. Euxenite. do. - 740 m.y. Thorite. do. -
759 m.y. Biotite. Remesvig, Vest-Agder. - 760 m.y. Thorite.
Rømteland. - 825 m.y. Biotite. do. - 830 m.y. Thorite. do. -
890 m.y. Uraninite. do. - 892 m.y. Uraninite. do. - 900 m.y.

circle 9 (c(O)d):

circle 70 ( (c) O (a) d)

circle 77 (cOa(d)):
circle 72 (Oad):

circle 73 (O2):

circle 7^(cOa):
circle 75 (ca):

circle 76 (c») :

Table 1. Key to the eireies on map fig. 2.

For details consult Neumann's liztz Le. p. 174 and 189.
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Uraninite. do. - 910 m.y. Euxenite. do. - 920 m.y. Uraninite.
do. - 920 rn.?. Euxenite. do. — 920 rn.?. Uraninite. do. -

Circle 17 (Be): 425 m.y. Muscovite. Kvamsvåg, Alversund, Hordaland. -
Circle 18 (Cd): 385 m.y. Biotite. Dalsnibba, Romsdal. - 405 m.y. Biotite. Geir

anger, Romsdal. -
Circle 19 (C(D) d (e) ): 540 m.y. Molybdenite. Rødsand, Møre. -
Circle 20 (Ac): 395 rn.?. Muscovite. Bleikvassli, Nordland. -
Circle 21 (Ad) : 565 m.y. Molybdenite. Oterstrand, Gildeskål, Nordland.-
Circle 22 (Ac): 2290 rn.?. Molybdenite. Vatterfjord, Lofoten, Nordland. -
Circle 23 (Aef) : 423 rn.?. Biotite. Røshagen, Selvågfjord, Langøy, Vesterålen,

Nordland. - 430 m.y. Biotite. Jægtbøgen, Langøy. - 450 m.y.
Biotite. Storelva between Viksfjord and Geirsfjord, Langøy. -
575 m.y. Biotite. Between Sandnes and Sandnesodden, Langøy.

Table 2. All knozvn absolute age determinations (March 1964)*
of Norwegian minerals; compare map, fig. 2 and diagram fig. 3, 1.

N — vide Neumann l.c. - L = determination carrie6 out in the I^adorator? for pre-
Cambrian Geology, Leningrad. - Left out = age numbers not marked with an asterisk
by Neumann and not plotted on the map fig. 1. - Circle 7, 2 etc. : see table 1, above (and
the map fig. 1). Letters A, B. . . a, b. . . etc. indicate position on the map fig. 1.

Note. Herefoss Franite W2B korrneri? caileci Birkeland granite. Fevik Zranite is the
same as Fevig, Fævig and Grimstad granite. The Østfold granite (in Sweden: Bohus
granite), formerly Smålens-(Smaalens-) granite has man? local and commercial names,
Bucn as Icicietjorci, Fredrikstad, Fredrikshald 3r2nite 2. 0. Flå Zr2nite (Flåa granite);
obsolete names: Ådal (Aadal), Sperillen granite.

(136 m.y. Larvik. Left out. N). - (160 m.y. Barkevik. Left out. N). - (166 m.y. Låven.
Left out. N). - 216 m.y. Oslo. Circle 2. Db. N., see table 7. - (231 m.y. L2rkevik. Lekt
out. N). - 235 m.y. Røyken. Circle 2. Db. N. - 243 m.y. Brevig. Circle 1. D2d. N., Bee
table 7. - (244 m.y. Kragerø. Left out. N). - (250 m.y. Mørjefjord. Left out. N). -
259 m.y. Oslo. Circle 2. Db. N., see table 7. - 259 m.y. Drammen. Circle 2. Db. N., see
table 7. - (269 m.y. Barkevik. Left out. N). - (279 m.y. Seiland. Left out. N). - 284
m.y. Sande. Circle 2. Db. N., see table 7. - (285 m.y. Barkevik. Left out. N). - (294 m.y.
Seiland. Left out. N). - (310 m.y. Vats. Left out. N). - 315 m.y. Langesundsfjord. 315,
Dab. N. L., see table 7. - (329 m.y. Seut. Left out. N). - (331 m.y. Fredriksværn. Lekt
out. N). - 346 m.y. Kjerringøy. 346, ABde. L. see table 7. - 355 m.y. Brevig. Circle 1.
Dab. N., see table 7. - 355 m.y. Ulsberg. 355, Dd.L., see table 7. - (365 m.y. Tellenes.
Left out. N). - (366 m.y. Seiland. Left out. N). - 367 m.y. Kjerringøy. 367, ABde. L-,
see table 7. - 367 m.y. Oppdal. 367, Dd. L.. see table 7. - 370 m.y. Oppdal. 370, Dd. L..
see table 7. -
(373 in.?. Liatite krom Zr2nite (^l2nite ?) witn keisp2l inBetB (porpn?ric: 2ppe2r-
2nce), belonZin^ to 2 boci? ar coinplex preciornin2ntl? conBiBtinF ok Znei3B or
witn Borne interc2l2tionB ok rn2kic roclcB, korrninZ, 2cc:or6in^ to rn2p (lN2nuBcript
b? tne I2te 3tein2r k'oBlie, Burve? 2N<i 2eri2l pnotoB (^on2nneB DonB corninun.),
a circui2r-BN2peci BeoloZic:2i unit witnin tne pre-<^2inbri2n 2re2. pre-d!2inbri2N 2Ze
ok tniB rock N2B never been queBtioneci. - 3outn ok tne olci cnurcn, 2t new roaci 2IONB 3outn
Bi6e ok I2ke XviteBei6, KviteBei6, 373, ODb. L. - 01ak^,nton Lrock lex. 1960..
Bee rern2rliB below. - (378 in.?., 82ine 82inple 28 373 in.?., 2bove). -^
381 m.?. X^errinM?. 381 L., Bee t2ble 7. - 385 m.?. DaiBnibba. Qrcle 75. (26.
Kl., Bee t2ble 7. - 388 in.?. Norg, 8^.^^66123. 388, Dei. L., Bee t2ble 7. - (390 in.?.
I'elleneB. Lekt out. N). - 391 in.?. IHerrinF»?. 391 L., Bee t2ble 7. - 395 m.?.

* 3ee, novvever, "^Vcicienciuin", p. 111.
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Bleikvassli. Circle 20. Ac. N., - Bee table 7. - 405 m.y. Namsskogan. 405, Ef. N. L., see
table 7. - 405 in.?. Geiranger. Circle 18 Cd. N., see table 7. - 413 m.y. Telavåg. 413,
Bbc. L., Bee table 7. - (413 m.y. Fen. Lekt out. N). - (420 m.y. ren. Left out. N). -
423 m.y. Røshagen. Circle 23. Aef. N., see table 7. - 425 m.y. Kvamsvåg. Circle 17.
Be. N., see table 7. - 430 m.y. Jægtbøgen. Circle 23. Aef. N., see table 7. - (430 in.?.
Kragerø. Left out. N). - 434 rn.?. Tveit, Sotra. 434, Bbc. N.L., see table 7. - (437 in.?.
Lakssvelefjell. Left out. N). - 450 m.y. Kalstad. Circle 12. Dab. N. - 450 m.y. Lakse-
våg. 450, Bbc. N. L., see table 7. - (460 m.y. Fen. Left out. N). - (484 m.y. Rømteland.
Left out. N). - 485 m.y. Rømteland. Circle 16, Ca. N. - 495 m.y. Rømteland. Circle 16,
Ca. N. - (501 m.y. Råde. Lekt out. N). - (508 m.y. Algård. Left out. N). - (520 m.y.
Stjernø. Left out. N). - 530 m.y. Kalstad. Circle 12, Dab. N. - (530 m.y. ren. Left out.
N). - 540 m.y. Rødsand (= Rausand). Circle 79. C (D) d (c). N. - 550 m.y. Fåberg.
550, De. L., see table 7. - (560 m.y. Rømteland. Left out. N). - 560 m.y. Rømteland.
Circle 16, Ca. N. - (560 m.y. Bygdin. Left out. N). - 565 in.?. Gildeskål. Circle 21, Ad.
N. - 565 in.?, Fen. Circle la, Db. N., see table 7. - 568 m.y. Fen. 568, Db. L., see
table 7. - (570 m.y. Fen. Left out. N). - 573 m.y. Fen. 573, Db. L., see table 7. - 575
in.?. Langsev. Circle 23, Aef. N., see table 7. - 582 m.y. Loen. 582, Cd. N. L., see table
7. - 585 m.y. Fen. Circle la, Db. N., see table 7. - (587 in.?. Spangereid. Left out. N).
- 590 in.?, Fen. 590, Db. N. L.. see table 7. - 590 m.y. Ortnevik. 590, Cc. N. L.. see
table 7. - (590 in.?, Fen. Left out. N). - 603 m.y. Fen. 603, Db. N. L., see table 7. -
610 in.?. Tvedestrand. Circle 13, Da. N. - (613 m.y. Iddefjord. Left out. N). - 615
m.y. Thoreby. Circle 4, DEb. N. - 621 m.y. Tarjeisberg. Circle 9, C(D) b. N. - (640
m.y. Torset. Left out. N). - (650 m.y. Følstad. Lekt out. N.) - 657 m.y. Bandaksli.
Circle 9, C(D) b. N. - (672 m.y. Hobøl. Left out. N). - 676 m.y. Riehammeren. Circle
9, C(D) b. N. - 679 m.y. Hosås! Circle 13, Da. N. - 687 m.y. Dalen. Circle 9, C(D) b.
N. - 691 m.y. Dalen. Circle 9, C(D) b. N. - 700 m.y. Rollag. Circle 6, Db(c). N. -
709 in.?, Rollag. Circle 6, Db(c). N. - (720 rn.?. Solberg. Left out. N). - 755 m.y.
Frikstad. Circle 15, Ca. N., see table 7. - 758 m.y. Totakvann. 758, Cb. L., see table 7.
- 759 m.y. Remesvik. Circle 16, Ca. N., see table 7. - 760 m.y. Rømteland. Circle 76,
Ca. N. - (760 m.y. Solberg. Left out. N). - 772 in.?, Totakvann. 772, Cb. N.L., see
table 7. - 776 m.y. Onsøy. 776, DEb. N.L., see table 7. -
776 m.y. Kviteseid (Neumann 1. c. writes 777 m.y. - obviously a slip). The value seems
to be wrong and was replaced by 842, see remarks below.
802 m.y. Tune. 802, DEb. N.L., see table 7. - (804 m.y. Stavanger. Left out. N). -
(812 m.y. Askim. Left out. N). - 815 m.y. Sundsli. Circle 11, CDa(b). N., see table 7. -
815 in.?. Ualand. 815, Ca. L., see table 7. - 820 m.y. Frikstad. Circle 15, Ca. N., see
table 7. - 823 m.y. Tune ("Iddefjord", Neumann l. c., is wrong; read "Solli church,
Tune"). 823, DEb. N. L., see table 7. - 824 m.y. Gol. 824, De. N. L., see table 7. -
825 m.y. Rømteland. Circle 16, Ca. N. - 828 m.y. Landvik. 828, CDa. L., see table 7. -
830 in.?. Rømteland. Circle 16, Ca. N. - (830 m.y. Næs. Lekt out. N). - 836 m.y. Land-
vik. 836, CDa. L., see table 7. - 839 in.?. Iddefjord. Circle 4, DEb. N., see table 7. -
840 m.y. Auselmyren. Circle 13, Da. N. - 842 m.y. Kviteseid (cp. 776 m.y. above).
842, CDb. N. L., see table 7. - 850 m.y. Fevik. Circle 73. Da. N., see table 7. - 850
m.y. Amtmannsvingen. Circle 73, Da. N., see table 7. - 852 m.y. Bjertnes. 852 Dbc. N.
L., see table 7. - 857 m.y. Gol. 857, De. N. L., see table 7. - 860 m.y. Iveland. Circle
15, Ca. N., see table 7. - 860 m.y. Herefoss. Circle 14, CDa. N., see table 7. - 861 m.y.
Herefoss. 861. CDa. L., see table 7. - 862 m.y. Kobbernuten. Circle 8, Cb. N. - 864
m.y. Ualand. 864, Ca. L., see table 7. - 868 m.y. Gol. (869 m.y., Neumann l. c., i8 a slip,
read 868). 868, Dc.N.L., see table 7. - 870 in.?, Flaten. Circle 13, Da. N., see table 7. -
874 m.y. Øyestad. 874, CDa. N.L., see table 7. - (879 m.y. Magnor. Left out. N). -
880 m.y. Iveland. 880, Ca.N.L., see table 7. - 880 m.y. Tørdal. Circle 10, (C) D (a) b.
N., see table 7. - 882 m.y. Tveit. Circle 15, Ca. N. - 884 m.y. Kåbuland. Circle 75,
Ca. N., see table 7.
882 m.y. Herefoss. This value i8 probably wrong and was replaced by 975 m.y., see
remarks below.
890 m.y. Ål. 890, CDc. N. L., see table 7. - 890 m.y. Rømteland. Circle 76, Ca. N. -
892 in.?. Rømteland. Circle 16, Ca. N. - 895 m.y. Bjertnes. Circle 6, Db (c). N., see
table 7. - (895 m.y. Hobøl. Lekt out. N). - 900 m.y. Rømteland. Circle 16, Ca. N. -
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900 in.?. Tørdal. Circle 10, (C) D (a) b. N., see table 7.-900 m.y. Eide (Landvik).
900 CDa N. L.. see table 7. - 904 m.y. Vats. 904, BCb. N. L., see table 7. - 904 m.y.
Lauvrak, CDa. N. L., see table 7. - 905 rn.?. Herefoss. 905, CDa N. L Bee table 7. -
(910 m.y. Skarvvann. Lekt out). - 910 m.y. Rømteland. Circle 16, Ca. N - 915 m.y.
Tarjeisberg. Circle 9, C(D) b. N., see table 7. - 920 m.y. Rømteland Circle 76, Ca N
see table 7 - 920 m.y. Rømteland. Circle 16, Ca. N., see table 7. - 920 m.y. Rømteland.
Circle 16, Ca. N., see table 7. - 920 m.y. Kåbuland. Circle 15 , Ca N see table 7 -
920 m.y. Karlshus. Circle 4, DEb. N., Bee table 7. - 924 m.y. Brandval. 924 Ebc.L
see table 7 - 925 m.y. Flaten. Circle 13, Da. N., see table 7. - 927 m.y. Landvik. 927,
CDa. N. L., see table 7. - 927 m.y. Gulsvik. 927, Dbc. N. L., see table 7. - 929 m.y.
Askim. Circle 4, DEb. N., see table 7. - 930 m.y Landvik 930, CDa. N. L. see
table 7 - 930 m.y. Landvik. 930, CDa. N. L., see table 7. - (930 m.y. Seiland. Lekt
out N) - 935 m.y. Tromøysund. Circle 13, Da. N., see table 7. - 936 m.y. BrandvaL
936, Ebc. L., see table 7. - 940 m.y. Assevvann. Circle 13, Da. N see table 7. - 940
m.y. Kalstad. Circle 12, Dab. N., see table 7. - 943 m.y. Sør-Aurdal. 943^ De N. L
see table 7-946 m.y. Rakkestad. 946, Eb. N. L., see table 7. - 950 m.y. Hedal. Circle
5, De. N., see table 7. - 950 m.y. Tørdal. Circle 10, (C) D (a) b. N Bee table;7 - 952
my. Ådal. 952, Db (c). N. L., see table 7. - 956 m.y. Landvik. 956. CDa. NL., see
table 7. - 962 m.y. Tuftan. Circle 15, Ca. N. - 965 m.y. Tinnsjø. Circle 7, Db N,
see table 7 - 965 m.y. Hyttåsen. Circle 4, DEb. N., see table 7. - 966 m.y. Landvik.
966, CDa. N. L., see table 7. - (968 m.y. Karlshus. Left out. N). - 970 m.y. Lauvrak
970 CDa. N. L., see table 7. - (970 m.y. Tarjeisberg. Left out. N). - 975 m.y. (see 882
m.y. above). Herefoss. 975. C(D)a. N. L.. see table 7. - 977 m.y. Bjertnes. 977 , Dbc.
N L see table 7. - 980 m.y. Kalstad. Circle 12, Dab. N., see table 7. - 990 m.y. Krøds-
herad" 990, Db(c). N. L.. see table 7. - 990 m.y. Herefoss. 990, C(D)a. N. L.. see table
7 - 1007 m y Herefoss (same sample as 990 m.y., it was by accident not plotted on the
man fie 1) - 1010 m.y. Hisøy. Circle 13, Da. N., see table 7. - (1011 m.y. XarlBnuB.
Lekt out. N). - 1016 m.y. Holla. 1016, Db. N. L., see table 7. - (1018 my. Arendal.
I eft out N) - (1020 m.y. Arendal. Left out. N). - 1030 m.y. Øyestad. 1030, CDa. N.
L see table 7.- 1030 m.y. Rakkestad. 1030, Eb. L.. see table 7. - 1040 m.y. Langsev.
Circle 73 Da. N., see table 7. - 1041 m.y. Snarum. Circle 6. Db(c). N., see table 7 -
(1043 m.y. Iveland. Left out. N). - 1048 m.y. Norderhov. 1048, Dbc. N. L., see table 7.
- 1052 m.y. Norderhov. 1052, Dbc. N. L.. see table 7. - 1055 m.y. Spone Circle 6,
Db(c). N., see table 7. - 1060 m.y. Auselmyra. Circle 13, Da. N., see table 7: 1085 my.
- 1070 m.y. Auselmyra. Circle 73. Da. N., see table 7: 1085 m.y. - 1080 m.y. Øde-
gården. Circle 12, Dab. N., see table 7. - 1085 m.y. Auselmyra. Circle 13, Da N., see
table 7 - 1090 in.?. Auselmyra. Circle 73. Da. N., see table 7: 1085 m.y. - 1090 m.y.
Auselmyra. Circle 13, Da. N., see table 7: 1085 m.y. - 1105 m.y. Hisøy Circ .13, Da.
N., see table 7. - 1105 m.y. Lørenskog. Circle 3. D(E)b. N., see table 7. - llOmT-
Auselmyra Circle 13, Da. N., see table 7: 1085 m.y. - 1148 m.y. Rakkestad. 1148, (D)
Eb L see table 7. - (1193 m.y. Aust-Agder. Left out. N). - (1251 m. y. Auselmyra.
Left out N). - (1254 m.y. Arendal. Left out. N). - 1261 m.y. Hesnes. 1261, CDa. L..
see table 7. - (1269 m.y. Auselmyra. Lekt out. N). - (1283 m.y. Auselmyra. Lekt out.N).
- (1294 in.?. Auselmyra. Left out. N). - (1300 m.y. Hitterø. Left out. N). - (1308 m.y.
Auselmyra. Left out. N). - 1345 m.y. Langsev. Circle 73. Da. N., see table 7. - 1560
m ? Tarjeisberg. Circle 9, C(D)b. N. - (1620 m.y. Tarjeisberg. Left out. N).. - (1640
m ? Bjertnes. L.. Olaf Anton Broch leg. 1958. Left out, cp. remarks below). - 1650 m.y.
Iveland 1650 Ca. L.. Bee table 7 and remarks below. - (1690 m.y. Bjertnes. L. Lekt out,
cp remarks below). - 1750 in.?. Iveland. 1750. Ca. L.. see remarks below, and table
7. - (2080 m.y. Lofoten. Left out. N). - 2290 m.y. Vatterfjord. Circle 22, Aef. N., see
table 7: 2750 m.y., and remarks (on Re/Os ages). -
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Table 3. Alkali determinations by Roar Solli,
Laboratory of the Geological Survey of NorwayFu7ve), of Norway

Na2 O K2 O Total

315. Lepidomelan. Langesundsfjord*
Biotite. Barbrahei346. 0.18 8,98 9,2355. Biotite. Ulsberg
Biotite. Kroksviken
Biotite. Stekeren
Biotite. Lønset

0,21 8.62 8,8367. 0,21 8,76 9.0367. 0.27 8.98 9.1370. 0,10 9.40 9.5373. Biotite. Kviteseid
(= 373. Kviteseid)
IVluBcovite. Larbranei
Liotite. I^«nBet

0.12 0,41 9,5378.
381. 0.63 10.09 10.7388. 0,12 9,58 9.7391. Liotite. I^atetin6 0,09 8.96 9,1405. Biotite. Iverra6alen

MuBcovite. i^elavaA
Biotite. Tveit
Muscovite. Liavann
skåle. Fåberg*

0,49 8.00 8,5413. 0,90 9.24 10.1434. O,N 6,34 6,5450. 0,73 5.86 6,6550.
568. Biotite. Fen

Biotite. Fen
0,24 9.26 9.5573. 0.63 8,09 8.7582. 0,67 10.17 10.8590. 0,15 6.71 6.9590. 0.44 9,97 10,4603.

758. Liotite.
Liotite.
Liotite. On8«v
Liotite. XviteBei6
Liotite. Bolli

0,10 5,55772. 0.15 7.95 8,1776. 0,19 7.54 7.7776**
802. 1.20 9,10 10,3

0.47 5.90 6.4815. Biotite. Ualand
(= 802. Solli)
Liotite. Gol
Biotite. Bruna
( = 828. Bruna)
Liotite. L^ertneB
Liotite. Gol

0.29 8,63 8.9823.
824. 0,24

0,21
8,23 8,5828. 8,88 10.1836.

852. 0,44 7,39 7,8857. 0,36 7.88 8.2861. Biotite. Åmli
Biotite. Ualand
(= 857. Gol)
Liotite. Øyestad

0.82 7,06 7,9864. 0,54 7,48 8.0868.
874. 0,45 6,06 6,5880. Biotite. Håvardstad

Biotite. Sennomstad
Biotite. Al

2.56 4,60 7.2882**
890. 0,17 6,96 7>l

0.56 8.69 9,3900. Biotite. Omre
Muscovite. Vats
Biotite. Løvrak
Muscovite. Åmli
Biotite. Øyerberget
Biotite. Grøsle

0,69 5.93 6.6904. 1,81 9.84 11,7904. 0,71 10.00 10.7905. 0,59 10,11 10.7924. 0,33 10.21 10.5927. 0.35 8,60 9.0

* Alkalies determined in the Laboratory for pre-Cambrian Geology
* 776 should be 842; 882 should be 975 - cp. remarks p. 97-98.

Leningrad

Muscovite. Loen
Biotite. Fen
Muscovite. Ortnevik
(= 590. Fen)

s>?
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Na2O K2O Total

927.
930.
930.
936.
943.
946.
952.
956.
966.
970.
977.
990.
990.

1007.
1016.
1030.
1030.
1048.
1052.
1148.
1261.
1640.
1650.
1690.
1750.

Liotite. Gulsvik
Biotite. Killandsvann
( = 927. Grøsle)
(= 924. Øyerberget)
Liotite. Ospeknit
Muscovite. Nordby
Biotite. Gryte
Biotite. Grøsle
(= 927. Grøsle)
Muscovite. I^ovralc
Muscovite. L^ertnes
Liotite. liarlireinoen
Liotite. I^anekoBB
(= 990. Hanefoss)
Liotite. Vaiede»
Liotite. Øyestad
(= 946. Nordby)
Liotite. Heradsbygd
Muscovite. Heradsbygd
Biotite. Nordby
Biotite. Bruvollen
Muscovite. Bjertnes
Biotite. Eptevann
(= 1640. Bjertnes)
(= 1650. Eptevann)

0,35
0.14

5,42
7,36

5.8
7.5

0,41
0,64
0,43
0,19

2.03
10,29
6,28

7,21

2.4
10.9

6.7
7.4

0,86
0.68
0.76
0.69

8,86
9.78
6,19
5.93

9.7
10.5
7,0
6.6

1,04
1.18

4,71
6.74

5.8
7.9

0.19
1,08
0,11
0,08
7,86
0.23

9.05
8.41
6.70
5.82
3.42
6.88

9.2
9.5
6.8
5.9

11.3
7.1

Table 4. K-A Dates on micas from the pre-Cambrian rod ',s q orway
carried out in the Laboratory ofpre-Cambrian Geol >gy-

(Sent with letter dated 4th April 1960.)

N N
Nor- Mine-

ral Kg/g K4Og/gK 4Og/g A CM3 /g A g/g A4O/A40/K40 10°
atory way

1086
1087
1198
1199
1144

1148
1195
1142
1143
1141
1145
1140

Al
A2
A3
A4
A5

A6
A7
A8
A8
A9
A 10
A 12

Lt

Mica
Mica

Bi
Mu
Bi

Mica
Bi

0.0660
0.0599
0.0634
0.0661
0.0492

0.0560
0.0691
0.0751
0.0698
0.0514
0.0450
0.0654

8.05. 10-6
7.19.10'6
7.74.10"
8.06.10-6
6.00.10- 6

6.83.10"
8.43.10"
9.16.10"
8.52.10"
6.27.10"
5.49.10"
8.00.10"

2.34.10^
2.79.10^
2.85.10^
2.79.10^
2.39.10^
2.45.10^
2.87.10^-
2.96.10^
3.93.10^
3.67.10^
2.50.10^
2.01.10^
2.70.10^
2.65.10^

4.19.10''
4.99.10^
5.10.10 '
4.99.10 '
4.27.10"'
4.38.10"'
5.13.10"'
5.30.10"'
7.04.10"'
6.57.10"'
4.48.10"'
3.61.10"'
4.84.10"'
4.74.10"'

0.0520
0.0683
0.0659
0.0619
0.0713
0.0730
0.0751
0.0628
0.0768
0.0771
0.0713
0.0657
0.0605
0.0595

772
956
930
882
990

1007
1030
900

1048
1052
990
927
868
857

(Conti: med next p: Lge)
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The following constants were used for the calculations :

weight relation — = 1.22.10" 4

The director of the Laboratory of Precambrian Geology,

Academician A. A. Polkanov (sign.). -

Professor E. K. Gerling (sign.)

Xx = 5,5. 10-11 y.-1
X3 = 4,72.10-10 y.- 1

1196
1201
1202
1139

A 14
A 16
A 17
A 18

Bi
Mica
Mica
Mica

Bi

0.0683
0.0721
0.0521
0.0169
0.0557

8.34.10-°
8.80.10-°
6.30.10-°
2.06.10-°
6.80.10-«

2.64.10-4
3.07.10-4
2.41.10-4
7.72.10"°
1.48.10-4
1.46.10-«
1.97.10-4
1.13.10-«
1.60.10-«
2.25.10-4
1.82.10-4
1.89.10-4
3.49.10-4
3.00.10-4
3.87.10-4
3.91.10-4
3.60.10-4
3.19.10-4
3.20.10-4

4.72.10-'
5.49.10-'
4.31.10-'
1. 38.10-'
2.65.10-'
2.60.10-'
3. 52.10-'
2.01.10-'
2.86.10-'
4.02.10-'
3.25.10-'
3.38.10-'
6.26.10'
5.36.10-'
6.94.10-'
7.00.10-'
6.44.10-'
5.71.10-'
5.72.10-'

0.0566
0.0625
0.0679
0.0672
0.0390
0.0381
0.0738
0.0248
0.0615
0.0547
0.0547
0.0566
0.0698
0.0529
0.0702
0.0672
0.0636
0.0656
0.0657

824
890
952
943
603
590

1016
405
880
776
802
823
970
776
977
946
904
927
930

1203
1088
1204
1146
1205

A 20
A 23
A 30
A 32
A 33

Bi
Bt

Mica
Mica
Mica

0.0391
0.0664
0.0382
0.0626
0.0490

4.77.10-°
8.10.10-°
4.66.10-°
7.64.10-°
5.97.10"

1230
1210
1227
1229
1206
1197

A 35
A 36
A 38
A 37
A 39
A 40

Mv
Mica
Mv
Mv

Mica
Bi

0.0735
0.0830
0.0810
0.0854
0.0830
0.0714

8.97.10-°
1.01.10°
9.88.10-°
1.04.10°
1.01.10-°
8.71.10-°

Bi
Mv

Mica
Mv
Li
Li
Mv
Mv

Lepido-
melane

0.0503
0.0844
0.0828
0.0838
0.0526
0.0614
0.0486
0.0817
0.0712

6.14.10-°
1.03.10-°
1.01.10°
1.02.10-°
6.42.10-°
7.48.10-°
5.92.10-°
9.96.10-°
8.69.10-°

2.09.10-4
2.16.10-4
2.15.10-4
3.65.10^4
9.59.10-4
2.47.10-°
9.22.10-°
3.57.10-4
9.14.10-4

3. 74. 10-'
3. 86. 10-'
3. 84. 10-'
6.53.10-'
1.72.10-'
4.42.10-'
1.65.10-'
6. 38.10-'
1.64. 10-'

0.0609
0.0375
0.0380
0.0638
0.0267
0.0592
0.0279
0.0641
0.0188

966 no^Sr 871208
1226
1207
1228
1209
1211
1231
1225
1219

A 41
A 42
A44
A 46
A 47
A 48
A 49
A 50

874
582
590
905
434
852
450
904
315



93

"1 30

.—1

CM

m
?

—1
00 2^

i
ON
in
in
O

c>

o

00
00

00
Ov
O

o

T
o
T-l

o
00

iri

in
fN
O
d

r»

o

co
CN

T-l
CO
CN
O
O

o

yd
co
CN

CN
CN
<N
O

d

f*

o
T-l

00
co
CN

q
d

o
T-l

v©
T-l

CN

B<u

-as
cl
co

O
'di

<

o
o

r-;

41
I
o
I—l

co

o

co

¦«f
I
o

co

«1

O
T-l

O

o

<~O
O
2^

o
T—l

ro

r»

06

o
T-l

00
in

© ©

©

¦
o
r-'00
26

o

o
ON

-5
'di

kl

£
5i

«)

CN
'db

>>2
T-l

o

o"

co
in

O
O

1^
co
00
o
d

o
d

r»o
d

X! 13

13
u

'f
c

co 15

3^
IT)

3 o
O —'
-9 cCd d

Hl

vi
«cNii

-6
¦
ai
s

<u"C oo
?j rh m43 o

11 i

a* 1

HZ Zn

.2 S^o
05 CQ C/3 w

o

1 ff

Isj

M VM

ZZ6

o
vO
O

I *
as m §a>
ai .-O

'5 <.

Sil

'3 S tå

a
S¦

a

'2)

o
z
in
(N

<

2'&v

o

ONCM

2
'5b

u
o
z
•fin
«1

.2

m gin r
¦o 5

2
'5b
B

o

vO

c
2

'do
v

C
o
Z

•<

6
Z

<x>
vO
00
in
«>1

00
in

00
00
in

ON
00
in

O

in



94

Z
—
<:
JC

5? o o
in in

o o
ON ¦<*¦ <:

d

8in
©
d

vO
00
o
d d d

O ro
in Tj-

d d

vO
en
o
d

o

in
in

Or-H
odes
»5'

!X>

7 7
o o

On' ©
q q

i i
o o

ON •+
""! On
in -+'

I
o

cs

CO*

o

in
<s

i

oo"
in
1^

o¦«—I
ON
en
es

o

in

o

r»'
es
m

ta
6

oo'
f»
no'

<« 9
! I
o o

,-! On'
*"! "1
no in

I

nO
On
no

T T
o o

d noON t^-
cs cs'

¦
o

i
co

o

ON

¦
o

od
co
On

do2"3Bo
c-S

-9 7

Ph
co
co
13
<4H
O
0)
0

3
'o
CO

do

cs
o
d

NO
00
in
q
d

nO
in
in
o
d

in
q
d

00
PN|

q
d

On
\O

q
d

8 -^O co o db

1°

T3 in
C On

12 li
o u -«

c s^s

ON Jh
<ij •> oj •

§?•£ 1 SP

.2 ««^

•o ei
fe o2 >-

m i oo
L I/)
¦M .ON

gt S

W^

sl

uro?

i £<2 c •
a 32

o

L -n '«
CC 03 O

&_?; ca •

glei?

" 2

U fi <U <|

ZZ^2

es

Ph on

«" .

> <o
:O -O
co

S 3
£ 8
H do
(0 do

.5 co

2

2 co
n 8

-Q O

g
U
O
0

C
•S
'do
6

o

8 <

cA
'Ei
P

o
z
NO

<

'do 'dl,

2

cm
'So0
co

'dl>

2

75 «£i on
,« in
r1r1 <"¦*

ro
On

CS
3m
CS

m
in
CS

Os
in
<N

00
On
in
es



95

02 l2^ »

ro
1^
LO

vO 00
ro ol
00 00

CO

1^

Ul
ir,

o
1^
e»5

s

<

00
vO
CO
o
o

00 T-l

q o
o d

o
LO
q
o

LO

q
©

i/i
CM

q
d

3
T3
V
3

S
o

UU

<

O

©
co"

7 7
o o
7—l T—l

TH O

io iri

r-
o

<o
oo

O

od
00_

7o

U
M

<X)

I I
O O

© *¦«

i
o

©
vO

o

LO
©

O

Q
INo

5j

v

o
-f

o

06

00

o

00
av
od

¦

o

vO
lo

T
o

fN
r-»
00

o

LO
O^

V"
q
©

ro

q
©

1©
LO

I^.
©

©

©
CO
r»

q
d\A

«v
'3 3^ Is

2 2'^^hcqOS

'fl J* 1

O r?u *-*

.og

8 °

to *éa 4> .^ O\

q raf CO o^
i; .o aj c _|
w -3 w -a "o
o « * « .

«r 10 .2

I|| f

M oO O 6»

o &13 a 2

o «r » .
M <n n Hb

, cd
VO g W

Z "

ICo
55
ON

fe»
ja

o
2

ro

ca

Ul
o

co
LO

v
o
2
©

o
2
S
<

6^ ON
LO LO

Os
LO
<N

©
©



96

O3
M

r^ r^
co co

-t- CS co
a^ <^

o
ro
(N
O
d

qd

o r^CO CN
q q
o o

«2o
o
o

IT) \O
in \o

q q
6 d

o

ON

i>
1
o

rs
O

7 T

o o

on1 no
T—l T—l «X!

T 7
o o

K 00
**! 00
nO no'

o
T-l

od
<>4

i
o

co
II

CO T-i
<X <7<!

¦i—c i

I
O

q

i i
o o

*"": oo
co co

o
dr-.
On

7
o

O\
q
ON

«0

o

in

ON1

CO

O

i

ON

o

co'
q NO

ON ,«'8
>>

ir,O>
q
d

Ul

q
©

oor»
qo q

d

1^

¦>*

q

©

2
C

fe 0
J W

M O

'5 T3 "Z OCM—
ao o « o^
- <& ° •"¦

</> 0 bo
S « 4)

¦S-B.J c

¦?i - O C

LA'" -3

.2 § Z^«-

3.2 oof3
ug — '-1

.2 °"T3 bi
SC O. <u« a—
cSOg

J|§J

¦S s"-offi

allé

W • fl)

OC'" <+h rc
2 « o

lille

*e C << o
•2 S • æ

I U •
ii 5 h
D bo «

W > o <U
tn* bi t)

1113

i °l^

U +^-S '^ On

.2 S S£ bi

TT w

M

O O
i 2

O

CO
sO

0

NO

cS

I
o

ca
in

o

oo
nO

<

o
NO

CO
O
NO inO

"0
o
nO

NO
o
NO
CN



97

Remarks.

Attention is drawn to a few age values among those received from
Leningrad after tne publication of Neumann's complete list of 1960
3ince tnev are exceptionai and partis perplexing.

1640-1690 m. y. (same sample1), muscovite from pegmatite, Bjertnes
in Krødsherad. This age conflicts with 852, 895, 977 m. v. deterrnined
on diotite, Bericite, inuBcovite, reBpectivelv, from the same pe^inatite
dyke. Such an apparent age wouiti kurtnerinore narcii^ fit the picture
korlne6 by the overwneiininF inajorit^ of 6eterininationB from the pre
d!ainl)rian localitieB of S. Norway. According to alkali determination
(Table 3) the composition of this muscovite would be most unusual.
Some error na3 probably been made or Borne Bpecial expianation is needed,
which cannot be offered at present. This age value will not be considered
in the sequel.

1261 m. y. Biotite from pegmatite, Hesnes by Grimstad. In the ab
sence of better evidence this pegmatite was looked upon 28 connected witn
tne Fevik granite (~ 900 m. y. ?), accordin^ to itB localit^ and appearance.
The diotite has a dleacneci appearance and has 2 80inexvn2t low alkali
content.

165l)^175l1 in. (diotite troin pe^rnatite, Nptevann in Iveland, Bet6Bcial)
18 an unexpectediv ni^n valne - cp. otner valueB krom BeteBdal peFinatiteB,
nainei^ 755, 820, 860, 880, 882. 884, 920, 962. pota^iuin content ok
tne diotite 18 low, tnouFN (lilie tnat ot 1261 adove) not lower tnan in
82inp1e8 krom certain localitie3 "normal" - or pernapB even lo>v

a^eB; e. 758 861
1148 in. v. Liotite krom pe^inatite, Korddv in It,a!i!ieBt2d, M2V pern2ps

de inentioned in tniB connection. ?roin tniB loc2iitv 2^eB ok 946 in. v.
X/^Vr tinie and 1030 in. v. lid/8r time were recorded previouBiv (>vitn
lnuBcovite).

378^373 in. v. Liotite krom, Aranite, XviteBeid. pre-d!alndri2N a^e
ok tniB roclc naB never deen HueBtioned. I^o coininent Bnall de okkered
dekore control deterrnination^ na3deen undertalien on otner 82inple8
krom tne 821N6 locaiitv.

776 in. v. Liotite krom, peAniatite, I^viteBeid, value i8
odviouBiv not correct. to tne report krom tne I^adoratorv kor

1 Numbers connected by a hyphen (-) are ages determined on the same sample.
2 S. V. Obruchev, Academician, present director of the Laboratory for pre-Cambrian

Geology in Leningrad has kindly promised his help.

7
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pre-Cambrian Geology (see Table no. 4, sample 1210 = A 36) the Kg/g
value used is 0,0830, corresponding to 10 per cent K2O. Lut the K2O
content (Table 3) is actually 9,1 per cent. This latter value corresponds
to 842 m. v., calculating with the same constants as those used in the
Leningrad laboratory.

882 m. v. Biotite from granite, Senomstad (sample 1199 — A 4). The
correct value of K2O is 6,96 per cent. It seems as if the value 7,96 has
been used. Thus 882 m. v. should be amended to 975 m. y.

The maps fig. 2 and, especially, fig. 4 mainly illustrate the slightly
disappointing fact that, disregarding the distribution of the "ages" over
the main field-geological units, i. e. pre-Cambrian and post-pre-Cam
brian, (the latter subdivided into Caledonian, Fen and Oslo areas,) no
realistic geographical pattern can at present be discerned. (Whether the
existing localization of the majority of the four-digit figures within the
Kongsberg-Bamble and the South-eastern areas is more than mere coin
cilience can only be decided by future investigations ; cp. map fig. 1).

It seems therefore, that a scrutiny of the distribution of the "ages" in
time may be the most profitable way of utilizing the data today. A pre
liminary attempt by means of diagrams follows below.

"lne 6ia^rarn3. Dia^rarnB xvere prepareci in order to Fet a clearer
picture, or at leaBt one tnat xvouid catcn tne eve detter, tnan tne rnere li3t
ok nnrnderB. In tne 6i2zraniB tiF. 3, recorded apparent a^eB were piotted
2FainBt time, tne curveB BnovvinA numoer ok 2FLB per 100 m. v. (krec^uencv
cnrv6B). - attempt to interpret Buen curveB muBt be a csii2Bi- or Bemi-
Bt2tiBtic2i procedure 2nd mav 28 3ncn nave itB pitkaliB; I can oniv nope
tnat tne ke^v BtepB to de tåken in tne BeHuel to>vard3 2N interpret2tion BN2II
not lead devond excuBe. leaBt it xviii be Po33ible kar tne reader to koilow
e2cn movement 2nd exerci3e controi. - It M2V be unneceBB2rv to gav,
tnat apart krom tnoBe reFardinF M2in ke2tureB MoBt cle2rlv viBible an
tne ciilV6B -, 211 tne 3u^^eBtian3 akkered are tent2tive, and c2nnat v^eii be
otner^viB6, due to tne incompiete 2nd in part napna^ard 3amplin^.

kact tnat tne a^eB nave been egtabiigned accordin^ to dikkerent
metnodB N23 been tåken inta canBider2tian, 23 wili appear krom tne
koiiowin^, wnere2B tne dikkerence between X/^.r 2^68 2riBin^ krom tne
altern2tin^ UB6 ok "American" and "^.UB3ian" naB been ne^iected; it

be ok tne arder ok ma^nitude 50 m. v. (^Velin 2nd Lloml^viBt 1. c.
p. 46). Kecalcui2tion UBin^ an avera^e v^ouid, preBumablv, Five curveg
(witnin our limitB ok error) identical >vitn tnose preBented.
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Fig. 3, 1 represents, in the manner outlined adove, the distribution (on
the time scale) of recorded ages ("density of age records", number of
"ages" per 100 m. y.), taking (upper dotted line) without diBcrirnination
all dates available, and (continuous line) those from the Laboratory for
pre-Cambrian Geology in Leningrad along with all otnerB marked with
an asterisk by Neumann - for the sake of convenience wc shall call them
"recoznixed" a^eB (6at6B, 6ererrninati«N3). The lov^er, 6orre6 line (L)
represents the Russian determinations, the broken line (N) other "recog
nized" aBe3. The 6otB in ro>VB just delo>v the base ok the diagram are the
single 6ateB ; upper row the "recognized" determinations, lower row the
remaining ones, which are hereafter lett completely out of the picture.
- Obviously tniB diagram i3 based on data resulting from many different
liin6B of anal)sBi3.

Fig. 3, II is based solely on the K/Ar values plus the five Rb/Sr ages -
the latter plotted on the lower side of the row of 6otB (ages) at the base
of the diagram. - The Fen area values, like those of the Oslo area, are
not platted in the rnain diagram, dut are Bnown as separate curveB (F and
O). (For the conBtructioN of the "Oslo curveB" anotlier tour valueB
achieved by other methods were used, apart from the tnree K/Ar valueB
259, 284 and 315 m. y.). - The bold, continuous line represents all K/Ar
and Kb/8r 2F68, ordinateB deinF the sum of the ordinateB ot tnree co in
ponent curveB, nainel^ p (continuouB, tnin line) for pe^rnatiteB,
i (broken line) for igneous rocks and g (lovver, dotted line) for FneiBBeB.

In the first category (p) are included pegmatites and otner assemblages
within which may loosely be called the pneumatolytic-hydrothermal
group. To this group - the overwhelming majority of it being pegmatites
proper - are counted 395 m. y. (muscovite from pyrite ore, Bleikvassli,
circle 20, Ac) and 1080 in. y. (biotite from apatite mine, Ødegården,
circle 12 Dab).

Inc iFneouß rockß (i) are inoßtl^ Franiteß, and tne Fneißßeß (^) are
okten ot Franitic colnpoßition. in pre-^arndrian 2re23 it iB, 28
18 vvell known, not 2l^va^B ea3)^ to decide wnetner to call certain rockß
Fneißßeß or Franiteß. In tniß p2per "^ranite" i82 rock ok cornpo
3ition - t2ken in 2 Borne^vn2t >vide Benße - deinF unkoliated or onl^ ver^

Bli^ntl^ toliated. Or, to put it anotlier >va^, tne narne i8ÜBed 3ucn, I
delieve, tnat invßt Feolo^ißtß, on Beein^ a nand Bpeciinen oni^, couid
tnink ot no detter xvord. In doudtkui caßeß tne deßißnation Fneiß3 W2B

preterred. Leßideß tnere 2re ver^ te>v pre-d!2indri2n iFneouß
rockß repreßented - tnere 2re, tnouFN, 2 ke^v Faddroic oneß. Ok pvßt-pre-
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Cambrian age there are the Fen area rocks, some Caledonian intrusives of
different categories and a few Permian (Oslo) igneous rocks.

The diagrams 111, IV, V, VI are intended to demonstrate what may
be done about the inan^ ages established by "other methods" - tnat is
about whatever remains of tne continuous line curve I after removing the
K/Ar and Kb/8r a^eB. Bucn a^eB are 6epicte6 as before by the continuous
line of 111, and they all belong to tne pegmatite (p) category apart from
2 kew Oslo izrieouB rock 2Fes.

Whereas the diagrams I and II exkibit several common features -
distinct maxim2 at ~ 900, ~ 600, *** 400 and ~ 250 m. y. - the curve
111 gives a disturbing picture. The absolute minimum (anoro^en^) of
II 2t ~ 650 m. y. to "^ 700 m. y., which is so to speak needed for the
formation of the sub-Cambrian peneplane has been replace6 by a maxi
mum. It appears, however, that tniß is rnainl^ due to 2 great accumulation
of Re/Os ages of pre-Cambrian mineral (the dotted line), which is thus
contra6ictor)s to Feoio^ical evi6ence. Iniß curve of Re/Os ages very
clearly confirms the statement of Neumann (1. c.) tnat the Re/Os ages
are too low. Neumann further suggests that the half-life value used for
Re, T = 6, 2 xl0lo y., might advantageously be increased by about 20
per cent. Wc lN2^ perN2ps say tN2t this has been confirmed by recent
laboratory determinations namely T=7, 9 xlO10 (Kocol 1.c.) and T =
(1,2 ± 0,4) XlO11 (Wolf and Johnston I. c.). - Neumann states that 690
m. y. ni2)^ be used as an average for the seven Re/Os ages which constitute
the ni2xiniuin in <^ueßtion. An addition of 20 per cent would make 830
m. y., and actually a relative maximum (ok activity) is faintly suggested
on the diagram II at that time. A similar treatment of the older Re/Os
ages would give as results (numbers in parentheses) : Kobbernuten 862
(1030) m. y., Tveit 882 (1060) m. y., Tuftan 962 (1160) m. y., Tarjeis
berg 1570 (1880) m. y., Vatterfjord (see diagram I) 2290 (2750) m. y. -
Neumann points tentatively at ~ 1100 m. y. as 2 possible age of events.
Diagram II iniznt Bu^^eßt 2 relative rn2xirnurn at 2 slightly lower age,
not so much different from the improved Kobbernuten and Tveit ages ;
the improved Vatterfjord age matches with the I^e>vißian age (~2700
m. v.) of Giletti (Bee Neumann 1. c.); the buktan age matches only the
Nordby pegmatite age of 1148 lone swallow, one might object. To
compare the Tarjeisberg age with the Eptevann pegmatite ages 1650 and
1750 m. y. might be unfair exploitation of possibly remaining goodwill
v^itn the rea6er. I still take the opportunit^ to rec2ll tne recent recor6in^
of the age ok 1800 m. v. in Nordfjord (Cd) (McDougall and Green 1. c.),
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which locality is on tne other hand nearly as far away as the nearest
Swedish locality with a similar age.

Even though there may be some indications of their existence, the
result of this search ok pigeonholes for the improved Re/Os ages seems
too meagre to justify the incorporation of them in the curves of 11. They
should be kept in mente for future accommodation, but at present it will
be better to remove them from the picture, which thereby changes into
that of diagram IV. - Table no. 2 shows that further cleaning up can
be done. The Auselmyra and the Rømteland localities (shown by the
dotted line of diagram IV) are strongly overrepresented. Of the Rømte
land ages only that of 920 m. y., of the Auselmyra the average value
(1085 m. y.) only, will be retained3 (cp. the remarks of Neumann 1. c).
The curve thereby changes its course into that of diagram V. - I^urtner
the Oslo area ages should be removed since they are alrea<s^ used for the
diagram 11, O, and likewise the ages 450 and 530 m. y. (Kalstad, circle
12) and 610 m.y. (Tvedestrand, circle 2J)4 which results in the curve VI.
Even after this severe treatment (cp. curves 1 1 1-VI) a pronounced
rnaxilnuin at ~ 900 m. y. remains. Only the following nine ages are left
from the original lot (curve III) ot c2. fifty: Auselmyra 1085 m. y.
(average) ; Kalstad 980 and 940 m. y. ; Rømteland, Kåbuland, Karlshus
920 m. y. ; Kåbuland 884 m. y. ; Frikstad 820 and 755 m. y. - Even out
ok these some might perhaps be 82crikice6, but tne)s are 2ctu2il^ of
negligible consequence here - can do very little harm, 30 to speak.
It the nine remaining pegmatite ages were incorporated in diagram
11, the result would be to stretch the curve of pegmatites (p) and corre-
Bpon6in^l^ the "total" curve a little upwards (cp. the widely-spaced
dotted lines).

'lne kinal 6iaFrain (II) i8eB3entiall^ baBe6 on I^/^.r 6eterininationB.
2F68 ot nisjar eventB Beern to be rn2nikeBt; one 2t "^ 900 m. )5. anci

one at '^ 400 in. korrner repreBentB xvn2t MaFNUBBON (1960) naB

3 It is admitted that these two localities would deserve to be represented by more than
one "dot" each in the diagram - but by how man^ ? As to the former, a greater xvei^nt
would not mean so much in the present context Bince it xvould be a coi-ollai^ to the
firmly established maximum at "- 900 m. y. - As regards Auselmyra it would lend
more probability to the postulated age of events at ~ 1100 (Neumann).

4 These two localities are within the very "stronghold" of South Norwegian pre-
(^amdrian, vvdere Bucn low aZeB woul6 be 6ifkicult to account for witnout reBortin^ to
hypotheses such as rejuvenation in connection with the great South Norwegian faultB,
with Oslo, Fen or unllnown volcano^enetic activit^ etc, etc.
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defined as the "Sveconorwegian5 Regeneration Period". The latter re
presents (the main phase of) the Caledonian folding, in good agreement
with the 420 15 m. y. Rb/Sr age ot regional metamorphism within the
Moine 861-168 of the Scottish Highlands (Giletti a. 0., Le). For both the
rnaxirna in c^ueBtion there is good harmony in the diagram between the
pe^inatite (p), i^neouB (i) and FneiBB (g) curveB. L681668 tnoB6 prodadi^
un6iBpuwdi6 ages of "ol0F6N)^" (time rnarkinF 6V6M) tN6I6 i8 an
equally distinct period of anorogeny at "-^ 675 m. y. (725 to 625 m. y. ?),
which might be a period of peneplanation - formation ok the sub-
Cambrian peneplane, - and the anorogeny after <~ 300 m. y. (^ 300 to
0 m. y.). Further we seem to have two similarly undisputable maxima
due to volcanogeny (disruption) : the Fen eruption at 580 m. y. and
the Oslo activity at ~ 275 m. y. (310 to 240 m. y. ?).

Less convincing is the maximum at ~ 575 m. y. There are no igneous
(i) ages nere and the tour recor6e6 ages are from widely separated areas.
582 m. y. Loen (Cd) and 590 rn. y. Ortnevik (Cc) are pegmatite ages from
localities not toa far from eacn otner, witnin the "nortn-v^6Btern gneiss
area" ; 575 m. v. Langøy (Aef) krorn augengneiss far in tne north, but in
position relative to the Caledonian folding zone perhaps not too dif
ferent from that of the two mentioned above. 550 m. y. Fåberg (De), is
estimated from shale from the Brøttum sparagmite. The value was de
termined by total rock age analysis. Polkanov (personal communication
of 26th July 1960) rernarkB 2. o.: "Thus the Brøttum sparagmite shows
the true age of Caledonian metamorphism and not the age of sedimenta
tion or diagenesis processes. . . . the rock has a subparallel Gefiige
regelung ok sericite - muscovite, has formed during petrotectonical
Durchbewegung. - Thus dotn BarnpleB ok Bpara^rniteB from Lr»tturn and
from middle Sweden have the same age of Caledonian metamorphism
550 m. v. and 560 m. y. and the true age of sedimentation and diagenesis
i8 unknown."

(1. c.) Bavß ok tne rnicaß apparent 2F68 ok 582 in. v. an6
590 m. v. (tne otner two valueß >vere unlcnov^n to nirn) tnat tnev "rnav
de ok l^aiedonian ori^in but are probabiv ol6er. . . expeiled 6urinF
. . d!alecionian oro^env an6rnetamorpnißrn." He 60e3 not Five niß reaßoNß
kor tniß opinion; dekore more 6ata are avaiiadie xve Bnoulcl on principie
neitner 6ißallo^v nor Banction. Lut I can't but point to tne kact tnat
3ornetninF, leavin^ trac6B, Beernß to nave nappenes, at leaßt in "Bvutnern

5 Would not "Swedonorwegian" or "Sveconorvegic" be preferable ?
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Norway" at that time (Brøttum metamorphosis, Fen activity), and further
that tne apparent age of 575 m. y. (northern Norway) has been added.
Polkanov and Gerling (1960), following Mayne, put 610-620 m. y. as the
beginning of the Caledonian orogeny. If the ages in question really are
Caledonian, then this orogeny, according to the scale of Kulp (1. c.) and
Holmes (1. c), would in Norway have covered the space ot time from
eo.<2alndrwln (tore-runnerß ?) to upper Devonian (or even lower Car
boniferous). - If, further, the minimum at ~ 525 m. y. does not mean
just poor information (which is admittedly quite possible), there would
have been another anorogenetic or pene-anorogenetic time - would that
mean Cambrian ? It so, the age of the Cambrian accords better with the
value given by Polevaya (H. H. llojießaH 1961) than with tne value ot
Holmes and Kulp.

Verv kew BiFNB ok 2F68 Freater tnan 1100 in. v. nave deen trace6. "l"ne
I.e^iBian ( ?) a^e ot 2290 (2750 ?) in. v. K2B deen toucne6 upon adove,
an6likexviBe tne 1800 m. v. a^e; dotn outBi6e tne Boutnern pre-^arndrian
area. Inc I.anF3ev aze ot 1345 ni. 7. inav de tne tirBt ot tne inucn miBBe6
1400 m. v. 2FeB. Lut one inu3t a^ree xvitn (1. c.) tnat 80 tar it
BeeiNB a3it BveconorveFit: eventB at in.v.nave more or leB3 odiiter
ate6 "atzeB" Freater tnan 1100 ni. v. in Boutnern Kor^vav. ni2V de
tne 2U-overBna6owinF pnenoinenon.

It tniß picture 6oeß not cn2NFe witn accuniiiwtinF FeoctironoioFi^i
intorni2tion - 2n6 Biicn xv2B 2ctii2ilv tne Binißter, even it conver32tion2i

propnecv ot 30nie ot our BeoloFißtß ne2rlv ten 230 - tnen xve BN2II
in kuture de 6epen6inF niore or IeBB excwßivelv on ortno6ox FeoivFical
lnetno6B (or, ot eourße, on inetno6B Btill to de invente6). I cannot Bee,
dv tne wav, tnat verv niucn ot nnat na3deen 288iilne6 dv 6ikterent Feolo-
Fißtß previou3iv 2dout tne pre-l^2Nidri2N ok Boutnern Nor>v2v C2N de
overrule6 dv niore or IeBB ekk2ce6 62t2 unknonn to tnern. Buen 6at2

Bnoul6 loFic2ilv (3ince ekt2ce6) not inkiuence our preBent verv
rnucn eitner. I cert2inlv 2in no 26voc2te ot tne 6ivißion into tnree or tour

"torin2tionß" (Neuni2nn 1. c, p. 188), tnouFn tor quite 6itterent re2Bonß.
I"ne koiiowin^ retlectionß on poßßidle eventß deNveen 1100 ni. v.

2n6 700 ni. v. I Woiil6 like to introckuce xvitn 2 "v2ieat <^U2Nti2Ni V2iere

pot6Bt". 2re more or IeBB d2Be6 on tne courße ot tne curveß ot tne
6iaFr2Ni (II) 2n6 it N127 de clueßtion2dle wnetner 66 6eterlnin2tionß -
on tne 2ver2Fe 16 per 100 in. v. - 2re Butticient to tne proce6ure.
- sseiiin2nn (1. c.) N23 tent2tivei7 Poßtiii2te6 tn2t deßi6eß ni2^or eventß
detween 900 2n6 950 ni. v. tnere oecurß one Buen perio6 2t 1100
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m. v. This is expressed to some extent in the diagram 11, which thus at
least 6068 not contradict his statement, even if 2N age of ~ 1050 m. y.
would tit better. But there is an equally strong indication at 850-800
m. y., (it mi^nt be Bnore6 up nitn Re/Os 2368 by tnoße 80 inclined), and
perhaps at ~ 975 m. v.

The pegmatite (p) curve with its maximum at 925 m. y. and itB smooth
courBS is 2 6ominatiliF feature in the picture. Why is it 80 much smoother
tnan the igneous (i) and the gneiss (g) curve ? The difference in repre-
Bentation BeeniB not to be 2 sufficient explanation, since this difference
is not very considerable (p = 27, i = 19, g = 20). It might seem, then,
to be a stronger tendency towards even distribution of ages with the
pegmatites than with the igneous and gneissic rocks. Is it true tnat there
has been 2 sequence of granite producing events - 827, for instance, at

1050), ~ 975, ~ 900 and ~ 825 m. y. - representinx separate ora
genies or being culminations of activity within one long lasting orogeny ?
(cp. Magnusson 1. c). Consistent reasoning leads to the conclusion tN2t
2 perio6 of Fr2niti22tion eBp. P2iin^eneBiB would invoive prece6inF, con
temporaneous and succeeding pegmatite formation, which would, under
the circumstances imagined above give possibilities for overlapping in
time of the formation periods of pegmatites connected with granites of
different ages.

tneBe va^arieB it rna^ be once more to recaii tne BcantineBB

ok information, an6pernapB even tne poBBibilitv ok inixe6 2^B: 016 pre-
l6Mven2te6 by tne 900 m. v. 2n6 I2ter eventB on tne lett N2n6

ti2nk ot tne biF "inileBtone" ut tne 6i2Fr2in, <I!ale6oni2N 2n6 otner re^u
ven2tion on tne ri^nt N2n6 Biope. In tniB connection it rn2v be t2^en into
conBi6er2tion tn2t 2FeB voun^er tnan 920 m. v. KAr time nave not been
reporte6 troni tne pre-Oarnbrian ot B>ve6en (IVlaFnuBBon I. c.) but are
abun6ant in be viene6 in rewtion to tne proxirnitv
ok tne (221e60ni2n 2one ok to!6in^, tne Freat kault» 2n6 tne I^en 2n6 0810
2ctivitieB.

BeeniB to be eBt2bliBne6 Bonie 6e^ree ok prob2bilitv, 13 tn2t
tnere nere major periockB ok "oro^env" at m. v. (^) an6
m. v. niica X/^.r time; ok volcano^env 2t 580 2n6 250 m. v.; ok 2N
oroFen7 2t 675 m. v. 2n6 krom 300 to om. v. lurtner tne poBBibilitv
ok oro^env 2t 575 m. v. (nitn 2noroFenv 2t 500 m. v. M2V be kept
in min6210N3 nitn tne k2int in6ic2tionB ot pvBBible eventB 2t 2700

1800. (^ 1400), 1100 (- 1050) an6850 (- 800) m. v.
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ini^nt kave deen kore3een, tne curBorv analv3iB adove naB revealed
tnat a conBi6eradle part ot tne avaiiadie a^e 6eterrninationB cannot kor
tne time deinF Berve a 8 time rnarkerB. preBent >vriter con-
Bi6erB tnat oniv tne a^eB UBed kor tne conBtruction ot tne "kina!" ckia^ram
(11, ti^. 3) - tnev are Bnown in tne tadie 7 (delow) an6on tne "kinai" rnap
(kiF. 4) - are poBBidlv relevant to ; an6even anionF tneBe
80ine mav ot courBe de diBc2r6ed wnen more intorination naB deen
co!lecte6.

The original number of about 220 age determinations (about 160
"recognized" determinations) is thereby reciuce6 to 125.* Nearly two
thirds of these 125 determinations are from the Laboratory for pre-
Cambrian Geology, Leningrad.

'labie 7: reviBe6 liBt.

Age determinations, which, according to the discussion above may have bearing
upon geochronology * Compare also diagram 11, fig. 3, and map.fig. 4.

(N = vide Neumann 1. c, L = determination by the Laboratory for
pre-Cambrian Geology, Leningrad, A, B. . . a, b. . .: position on the map fig. 4.)

a. K/Ar luica a^es.
259 m.y. Biotite from porphyritic granite. Near Skoglyst, Drammen, Buskerud. Db.

(H. Faul 1959). N.
284 m.y. Biotite from essexite porphyrite. Sande, Vestfold. Db. (S. S. Goldich). N.
315 m.y. Lepidomelane from nepheline syenite pegmatite. Langesundsfjord. Dab.

(^eoio^ical Museum, Oslo, cied. L.
346 m.y. Biotite from Caledonian granitic gneiss (same sample as 381, below). Foot

ok Barbrahei hill, about 4 km SSW of Kjerringøy church, Kjerringøy, Nord
land. ABde. Chr. Dick Thorkildsen leg. 1960. L.

355 m.y. Liotite from hypersthene mica-diorite (rock described by V. M. Goldschmidt
in "Geologisch-Petrographische Studien im Hochgebirge Norwegens".
Videnskapsselskapet i Kristiania Skrifter 1916). The rock is probably of
early Devonian age (Per Holmsen commun.). Orkla bridge, road 50, Ulsberg,
Rennebu, Sør-Trøndelag. Dd. Per Holmsen leg. 1962. L.

367 m.y. Biotite from granite. Near Kroksviken about 4kmSW of Kjerringøy church,
Kjerringøy, Nordland. ABde. Chr. Dick Thorkildsen leg. 1960. L.

367 m.y. Biotite from biotite gneiss (micaceous gneiss). Age unknown, possibly same
as 370. Completely recrystallized during (^2!e6oni2n oroFen^ (Per Holmsen
commun.). Road 640 by Stekeren farm, Oppdal, Sør-Trøndelag. Dd.
Per Holmsen leg. 1962. L.

370 m.y. Biotite from augengneiss. Supposed age pre-Cambrian or Silurian. Com
pletely recrystallized during l^alecioriian oro^en^ (Per Holmsen cummun.).
Road 640 by I^e»nBet, Horg, deNveen Oppdal and Sunndal, 8»r-"I'r»n6ei28.
Dd. Per Holmsen leg 1962. L.

* Bee, novvever, "^ciclenclum", p. 111.
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381 m.y
385 m.y,

Muscovite. Same rock sample as 346, skove. (Kjerringøy). L.
Liotite from ZrieiBB. OaiBnidda, Vesv, Møre og Romsdal. Cd. (J. L. Kulp
1960). N.
Biotite from biotite gneiss belonging to the basal gneiss complex. Most pro
bably pre-Cambrian. Completely recrystallized during Caledonian orogeny
(Per Holmsen commun.). Road 640 by Lønset between Oppdal and Sunn
dal, Horg, Sør-Trøndelag. Dd. Per Holmsen leg. 1962. L.
Biotite from gneiss. Slope of Mt. Låtetind, about 7kmNE of Kjerringøy
church (i.e. about 10 km NE of 346 + 381 - not 5 km, cp. report, tables 5
and 6, above), Kjerringøy, Nordland. ABde. Chr. Dick Thorkildsen leg.
1960. L.
Muscovite from pvrite ore. Bleikvassli, Korgen, Nordland. Ac. (J. L. Kulp
1960). N.
Biotite from Caledonian porphyric granite ok the Bindalen massif. Skorovass
cable way, angle no. 2, Tverrådalen, Strompdalsheia, Namsskogan, Sør-
Trøndelag. Ef. Chr. Oftedahl ded. 1958. N. L.
Liotite from gneiss. Geiranger, 3unnvlven, Møre og Romsdal. Cd. (J. L.
Kulp. 1960). N.
Muscovite from pegmatitic rock within the "gneiss area west of Bergen".
Telavåg, Sund (on Sotra), Hordaland Bbc. Geological Museum, Bergen
ded. 1958. L.
Biotite from pegmatite. Røshagen at Selvågfjord, Bø, Langøy, Vesterålen,
Nordland. Aef. Q. L. Kulp. 1960). N.
Muscovite from pegmatite. Kvamsvåg, Alversund, Hordaland. Be. (J. L.
Kulp 1960). N.
Biotite from grey gneiss. Jægtbøgen, Sortland, Langøy, Vesterålen, Nord
land. Aef. (J. L. Kulp 1960). N.
Biotite from pegmatite within the "gneiss area west of Bergen". Tveit, Sund
(on Sotra), Hordaland. Bbc. Geological Museum, Bergen ded. 1958. N. L.
Biotite from mica schist. Storelva between Viksfjord and Gåsfjord, Sort
land, Langøy, Vesterålen. Aef. (J. L. Kulp 1960). N.
Muscovite from pegmatite. Gneiss area west of Bergen- Liavann, Laksevåg,
Hordaland. Bbc. Geological Museum, Bergen ded. 1958. N. L.
Shale from Brøttum Sparagmite. West side of river Lågen by bridge at
Fåberg, Oppland. De. Steinar Skjeseth leg. L.
Biotite from carbonatite, cp. 568, 573, 585, 590, 603. Søve mine, Fen, Holla,
Telemark. Db. (Henry Faul 1959). N.
Biotite from Søvite, cp. 565. Fen, Holla, Telemark. Db. Tor Siggerud
ded. 1959. L.
Biotite from damtjernite, cp. 565. Fen, Holla, Telemark. Db. S. Bergstøl
leg. 1959. L.
Biotite from augengneis. Crossroads between Sandnes and Sandnesodden,
Sortland, Langøy, Vesterålen. Aef. (J. L. Kulp 1960). N.
Muscovite from pegmatite, north-western gneiss area. Loen, Stryn, Nord
fjord, Sogn og Fjordane. Cd. Geological Museum, Bergen ded. 1958.
N. L.
Biotite from kimberleyite, cp. 565. 1 km south-west ok the Fen area; by
Steinsrud, Holla, Telemark. Db. Q. L. Kulp 1960). N.
Biotite from søvite, cp. 565. Fen, Holla, Telemark. Db. Sverre Svinndal
ded. 1958. N. L.
Muscovite from pegmatite ; north-western gneiss area. Ortnevik, Kyrkjebø,
Sogn og Fjordane. Cc. Geological Museum, Bergen ded. 1958. N. L.
Biotite from søvite, cp. 565. Fen. Same sample as 590 above.
Liotite krorn pe^rnatite. Araodden, Totakvann, Rauland, Telemark. Od.
Olaf Anton Broch leg. 1958. L.
Biotite from gneiss, east of Egersund formation. Remesvik, Lindesnes
(korrnerlv Sør-Audnedal), VeBt-^6er. Ca. (W. Xiev and P. Schmidlin). N.
Biotite from nearly unfoliated Telemark-granite, obviously younger than

388 rn.^

391 m.v

395 m.v

405 m.v

405 m.v

413 m.v

423 m.v

425 m.v

430 m.v,

434 in.v

450 m.v,

450 m.>,

550 m.v

565 m.v.

568 m.v.

573 m.v.

575 m.y.

582 m.v.

585 m.v.

590 m.v.

590 m.v.

603 m.v.
758 m.v.

759 m.v.

772 m.v.
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surrounding Telemark (granitic) gneiss. Possibly palingenetic. Araodden,
Totakvann, Rauland, Telemark. Cb. Olaf Anton Broch leg. 1958. N. L.
Biotite from granite (Østfold granite), cp. 802, 823, 839. Onsøy, Østfold.
DEb. Olaf Anton Broch leg. 1958. N. L.
Biotite from granite (Østfold granite), same sample as 823 below, cp. 776.
Near Solli church, Tune, Østfold. DEb. Olaf Anton Broch leg. 1958. N. L.
Liotite from "Telemark Zranite". 82N62, S. Sundsli, Åmli, Aust-Agder.
CDa(b). (J. L. Kulp 1960). N.
Biotite from norite. About 200 m SW of 864 (Ualand) below. Chr. Dick
Thorkildsen leg. 1959. L. , ,
Biotite from granite, cp. 776. Near Solli ckurck, Østfold. Same Barliple as
802 above. N. L. _ ......

776 m.y.

802 m.y.

815 m.y.

815 m.?.

823 m.?.

Biotite from Zranite BnelBB (Telemark "^^nite"); Bornewk2t koli2te6; uni-
form within a wide area. (Same rock as 857 and 868 (below), which were
collected 1,5 km farther east). Road Gol-Ål; 3,25 km W of crossroads (Oslo/
Borlaug/Geilo), Gol, Hallingdal, Buskerud. De. Olaf Anton Broch leg.
1958. N. L. _ _ „

824 m.>.

Biotite from karBun6ite. Komteian^ (I^mtelanch, Lindesnes (kormeri? Sør-
Audnedal), Vest-Agder. Ca. (J. L. Kulp 1960). N.
Biotite from pegmatite (same sample as 836 delow). Bruna by Korevann
near Grimstad, Landvik, Aust-Agder. CDa. Olaf Anton Broch leg. 1958. L.
Biotite from pegmatite. Bruna (same sample as 828 2kove). L.
Biotite from "Østfold granite", cp. 776. I66ek^or6. Idd, Østfold. DLd.
(J. L. Kulp 1960). N.  .
Biotite krom small pegmatite body in Telemark BneiBB (Zr2riite 8nei88).
1-2 km south of the old church, at new road 210N3 southern shore of lake
Kviteseid, Telemark. CDb. Olaf Anton Broch leg. 1958. N. L.
Biotite from granite. Fevik, Fjære, Aust-Agder. Da. (J. L. Kulp 1960). N.
Biotite from Br2nite. Amtmannsvingen, Tvedestrand, H.uBt.^S6er. Da.
(J. L. Kulp 1960). N.
Biotite from peZmatite. HertneB tel6Bp2r quarr?, Krødsherad, Buskerud.
Dbc, cp. 895, 977 below, and "Remarks" on 1640, 1690. N. L.
Biotite from granitic gneiss (cp. 824 above). Same sample 28 868 kelovv.
Nearly 2 km W of cross roads (Oslo/Borlaug/Geilo), Gol in Hallingdal,
Buskerud. De. N. L. in<;n\ tyt
Muscovite from pegmatite. Iveland, Aust-Agder. Ca. (J. L. Kulp 1960). JN.
Biotite from xranite. ("Herefoss Z^nite"). Landvik, Aust-Agder. 0D2..
cp. 930 below. (J. L. Kulp 1960). N. ......
Biotite from pegmatite, same locality 28 905 below. Åmli feldspar quarry,
Herefoss, Aust-Agder. CDa. Olaf Anton Broch leg. 1958. L.
Biotite from norite, Egersund area; cp. 815 above. Ca. Road no. 440,
2 km 8 of Ualand railway station, Heskestad, Rogaland. Chr. Dick Thor-
kildsen leg. 1959. L.

825 m.?.

828 m.?.

836 m.?.
839 m.?.

842 m.?.

850 m.?
850 m.?

852 m.>

857 m.>

860 m.v
860 m.?

861 m.?

864 m.^

Biotite. Gol, same sample as 857 adove. N. L.
Liotite from BneiBB. Flaten, Åmli, Aust-Agder. Da. (J- L. Ku 11960). N;
Biotite from pegmatite. Road Vik (near Grimstad)-Froland, 50 m. N ot
the small farm Langemyr, 3 km N ok cross r0268 Ilkene (Arendal/Grimstad/
Løddesøl) (near 1030 below), Øyestad, Aust-Agder. CDa. Olaf Anton Broch
leg. 1958. N. L. .
Biotite from pegmatite. Small "temporary" feldspar quarry m road under
repair. 100 mN ok farm «2V2r68t26, Iveland, Aust-Agder. Ca. N. L.
Liotite from "Dagali FneiBB", prod2bl> a metamorphic Telemark porphyry.
Near the dairy at Ål railway station, Al, Buskerud. CDc. Olaf Anton Broch
leg. 1958. N. L. ,
Sericite from pegmatite. Bjertnes feldspar quarry, Krødsherad, Buskerud,
cp. 852 above. (J. L. Kulp 1960). N. , .
Biotite from "banded Kongsberg-Bamle gneiss (Arne Bugge Le). Cross-

868 m.?
870 m.x
874 m.?

880 m.?

890 m.^

895 m.?,

900 m.?
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roads "Omre" (Grimstad/Lillesand/Homborsund), Landvik (Eide) Aust-
Agder. CDa. Olaf Anton Lrocn leg. 1958. N. L.
Muscovite from pegmatite; Haugesund peninsula. Tor's mine, Vats
Ryfylke, Rogaland. BCb. Geological Museum, Bergen ded. 1958 N L
Biotite from pegmatite, cp. 970 below. Løvrak (Lauvrak) feldspar quarry"
Froland, Aust-Agder. CDa. Olaf Anton Broch leg. 1958. N. L.
Muscovite from pegmatite (same locality as 861 above). Åmli feldspar
quarry, Herefoss, Aust-Agder. CDa. Olaf Anton Broch leg. 1958. N L
Biotite from pegmatite. Tarjeisberg, Kviteseid, Telemark. C(D)b. (j. L.Kulp 1960). N. x / .
Biotite from gneiss (same sample as 936 delow). «^xerder^er Brandval
Hedmark. Ebc. Chr. Dick Thorkildsen leg. 1960. L.
Biotite from mica schist. NNE of Flaten, Åmli, Aust-Agder Da (T L
Kulp 1960). N.
Biotite from pegmatite perhaps connected with the "Herefoss granite" (860
930, 956, 975); same sample as 930 below, and 966 (Rb/Sr determination)
below. Grøsle feldspar quarry, Landvik, road 387 Skiftenes -s. Herefoss
Aust-Agder. CDa. Olaf Anton Broch leg. 1958. N. L.
Biotite from granite ("Flå granite"), cp. 943, 950, 952. Tunnel near Gulsvik
railway station, Flå, Buskerud. Dbc. Olaf Anton Broch leg. 1958. N. L.
Liotite from FneiBB. Heller farm, Askim, Østfold. OLb. (W. Kiev and P
Bckmi6lin). N.
Biotite from granite ("Herefoss granite"), cp. 860, 956, 975. Killandsvann
Landvik, road 387 Skiftenes -s. Herefoss, Aust-Agder. CDa. Olaf Anton
Broch leg. 1958. N. L. "«^«
Biotite from pegmatite, same sample as 927 above. (3r«Ble fe!6Bpar quarrv

Biotite from pegmatite. Feldspar quarry Hella no. 3. Tromøysund Stokken
Aust-Agder. Da. (J. L. Kulp 1960). N.
Biotite, same sample as 924. O>erderSet. Lbc. L.
Biotite from gneiss. Assevvann, Øyestad, Aust-Agder. Da. (J. L. Kulp 1960).

Biotite from granite ("Flå granite"), cp. 927 adove. 08penolt. He6al Sør-
Aurdal, Oppland. De. Olaf Anton Broch leg. 1958. N. L.
Muscovite from pegmatite; same sample as 1030 (Rb/Sr age) below cp
also 1148. Nordby feldspar quarry, Rakkestad, Østfold. Lb. Olaf Anton
Broch leg. 1958. N. L.
Biotite from granite ("Flå granite"), cp. 927 adove. WNW of Ne6al ckurcn
Hedal, Sør-Aurdal, Oppland. De. (J. L. Kulp 1960). N.
Biotite from granite ("Flå granite"), cp. 927 above. Road cut at Gryte, 6 km
S of Viker cnurcn, west side of lake Bperillen, Ådal, Buskerud. O(d)c
Olaf Anton Broch leg. 1960. N. L.
Biotite from granite ("Herefoss granite"), cp. 930 above. Near Grøsle feld
spar quarry, cp. 927 above. CDa. Olaf Anton Broch leg. 1958. N. L.
Biotite from xranite ("Tinn Zranite"). North of lake Tinnsjø, Tinn Tele
mark. Db. (J. L. Kulp 1960). N.
Muscovite from pegmatite. Hyttåsen, Hobøl, Østfold. DEb. (W Gentner
and W. Kley 1957). N.
Muscovite from pegmatite. Løvrak feldspar quarry, same locality a8 904
above. CDa. Olaf Anton Broch leg. 1960. N. L.
Biotite from granite ("Herefoss granite"), cp. 930; west of the great fault
(Arne Bugge 1.c.) - 930, 860, 956 are from the east side. Senomstad bridge,
south of 8. Herefoss (Åmli), Herefoss, Aust-Agder. C(D)a. Olaf Anton
Broch leg. 1960. N. L.
Muscovite from pegmatite, cp. 852 above. Bjertnes feldspar quarry, Krøds
herad, Buskerud. Dbc. Olaf Anton Broch leg. 1958. N. L.
Liotite from veined gneiss belonging to the "Telemark area" west of the
great fault (Arne Bugge 1.c.). Vein material looks as if coming from, or con-

904 m.v

904 in. v

905 m.v,

915 m.v.

924 m.v.

925 m.v.

927 m.v.

927 m.v

929 m.v

930 m.v,

930 m.v

935 m.v,

936 m.v
940 m.v

943 m.v.

946 m.v.

950 m.>.

952 m.v.

956 m.v.

965 m.v.

965 m.v.

970 in. x.

975 in.)..

977 m.v.

990 m.v.
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nected with the formation of, the "Flå granite", cp. 927 etc. East side of
lake Krøderen, road 20, nearly 2 km. W of cross 1-0263 "Hamremoen"
(Hønefoss/Vikersund/Gol), Krødsherad, Buskerud. Db(c). Olaf Anton
Broch leg. 1958. N. L.
Biotite from miZm2tic gneiss. Letween n. Herefoss and tsanekoBB, Herefoss,
Aust-Agder. C(D)a. Olaf Anton Broch leg. 1960. N. L.
Biotite from gneiss, same sample as 990 adove. Herefoss.
Biotite from arendalite, cp. 1040 delon. Hisøy, Aust-Agder. Da. (J. L.
Kulp 1960). N.

990 m.>.

1007 m.^
1010 m.^.

Biotite from gneiss. Valebø, Holla, Telemark. Db. Sverre Bvinri6al 6e6.
1958. N. L.

1016 m.>.

1030 m.?. Biotite from co2lBe grained granite (pegmatite ?). Near 874 above; 3 km.
north ok cross roads "Kakene", Øyestad, Aust-Agder. CDa. Olaf Anton
Broch leg. 1958. N. L.
Biotite krom arendalite, cp. 1345 below, and 1010 2bove. Langsev, near
Arendal, Aust-Agder. Da. (S. S. Goldich). N.
Phlogopite from pegmatite. Snarum, Modum, Buskerud. Db(c). (W. Kley
and P. Schmidlin). N.
Biotite from gneiss with 2dun62nt mic2, "Xon^berZ-Liimdle d2n6e6
gneiss", east ok the great fault (Arne Bugge l.c). Road 20, between Verne
and Sokna, nearly 5 km. west of level crossing at Oppen; Heradsbygd,
Norderhov, Buskerud. Dbc. Olaf Anton Broch leg. 1958. N. L.
Muscovite from same rock sample as biotite 1048 above (between Verne and
Sokna). N. L.

1040 m.v-

1041 m.^.

1048 m.?.

1052 m.^.

Muscovite from pegmatite. 650 m. WNW of W of Bpone church, Modum,
Buskerud. Db. (J. L. Kulp 1960). N.
Biotite krom productive vein, apatite mine. Ødegården Verk, Bamble,
Telemark. Dab. (J. L. Kulp 1960). N.
Biotite from banded gneiss. Hisøy, Aust-Agder. Da. (J. L. Kulp 1960). N.
Biotite from Br>eiBB. Bk2rerveieri, Lørenskog near Oslo, Akershus. D(L)d. N.
Biotite from pegmatite, same locality as 946 above and as (Rb/Sr age) 1030
below. Nordby feldspar quarry, Rakkestad, Østfold. (D)Eb. Olaf Anton
Broch leg. 1958. L.

1055 m.^.

1080 m.?.

1105 m.^.
1105 m.^.
1148 m.^.

Biotite from pegmatite, cp. remarkB 2dove. Bruvollen, I^eBneB, Fjære,
Aust-Agder. OD2. L.

1261 m.^

Biotite from arendalite, cp. 1040 sdove. I.2ri3Bev near Arendal, Aust-Agder.
Da. (J. L. Kulp 1960). N.
Biotite from pe^m2tite. Lptevann, Iveland, Aust-Agder. Ca. Olaf Anton
Broch leg. 1958. L.

1345 m.)"

1650 m.^

Liotite, 82me 82iriple 28 1650 2bove.1750 m.^

d. Kd/3r 2ZeB.
Dr2NBe62l, Telemark. (<D)D(a)b.Lepidolite from pegmatite.

(J. L. Kulp). N.
Lepidolite from pegmatite.
(S. R. Taylor). N.
Microcline from pegmatite.
(J. L. Kulp). N.

880 m.^

Dr2NBe62l, Telemark. (<2)D(2)b.900 m.^

Dr2NBe62l, (l2)D(2)d>.950 m.^

Biotite from pegmatite, same sample as 927 and 930 (K/Ar 6etermin2tionB).
<^lGBle kel6Bp2r quarr^. N. L.
Muscovite from pegmatite; same sample as 946 (K/Ar) above. Nordby,
Rakkestad. L.

966 m.^

1030 m.^

c. "Other" ages.*
216 m.y. Th232 /Pb208 . Zircon from Oslo nordmarkite. Trondheimsveien, large new

road cut near Oslo city limit. Db. (H. Faul 1959). N.

3ee, noxvever, "^.66en6um", p. 111



110

243 m.v. U238/PU 238/Pb 206 . Thorite. Brevig. Dab. (A. O. Nier 1939). N.
259 m.y. U238/PU 238 /Pb 206 . Zircon from Oslo nordmarkite. Trondheimsveien, large new road

cut near Oslo city limit. Db. (H. Faul 1959). N.
355 m.y. Th232/Pb208 . Thorite. Brevig. Db. (A. O. Nier 1939). N.
755 m.y. RaD/Pb. Gadolinite from pegmatite. Frikstad, Iveland, Aust-Agder Ca

(W. Herr, E. Merz, P. Eberhardt, P. Signer 1958). N.
820 m.y. Pb207/Pb206 . Gadolinite from pegmatite. Frikstad, Iveland, Aust-Agder. Ca

(W. Herr, E. Merz 1958). N.
884 m.y. RaD/Pb. Blomstrandine frem pegmatite. Kåbuland, Iveland, Aust-Agder

Ca. (W. Herr, E. Merz). N.
920 m.y. Pb207/Pb206 . Uraninite frem pegmatite. Rymteland, Lindesnes, Vest-Agder

Ca. (J. L. Kulp, W. R. Eckelmann 1957). N.
920 m.y. Th232/Pb2CB . Euxenite from pegmatite. Rymteland, Lindesnes, Vest-Agder

Ca. (J. L. Kulp, W. R. Eckelmann 1957). N.
920 m.y. Pb207 /Pb206 . Uraninite from pegmatite. Rymteland, Lindesnes, Vest-Agder.

Ca. (S. Moorbath). N.
920 m.y. Pb 20'/Pb206 . Blomstrandine from pegmatite. Kåbuland, Iveland, Aust-

Agder. Ca. (W. Herr, E. Merz 1958). N.
920 m.y. Pb207/Pb206 . Uraninite from pegmatite. Karlshus, Råde, Østfold. DEb

(S. IVloordatn). N.
940 m.v. Pb207/Pb206 . Euxenite from pegmatite. Kalstad, Kragerø, Telemark. (J. L.

Kulp, W. R. Eckelmann 1957). N.
980 m.y. Th232/Pb208. Euxenite from pegmatite. Kalstad, Kragerø, Telemark. Dab

(J. L. Kulp, W. R. Eckelmann 1957). N.
1085 m.y. Average of the following 6 determinations of cleveite from Auselmyra,

Tvedestrand (formerly Holt), Aust-Agder. Da. (1060 m.y. U238/PU 238/Pb206
1070 m.y. U235/PU 235/Pb207., S. Moorbath 1960). (1090 m.y. Pb207/Pb206., 1110 m y
Th232/Pb208 8. Moorbath). (1085 m.v. U238/PU 238/Pb206., 1090 m.y. Pb207/Pb208
A. O. Nier). N.

? 2750 m.y. Tentative recalculation by the present author ok 2290 m.y. (N.), see remarks
above (comments on curve III): Re/Os determination (W. Herr and E. Merz
1958) of molybdenite from Vatterfjord, Vågan, Lofoten, Nordland. Aef.
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Addendum.

When this manuscript was already at the printers I received a paper "Anzeichen
einer fruhkaledonischen Metamorphose" by Ivar Hernes. (N. Jb. Miner. Mh. 1964,
110-116). The author among other things discusses certain aspects of early Caledonian
orogeny in some detail, and arrives at conclusions which do not conflict very much with
what has been touched upon in the present paper.

To avoi6 corikusion I Bnoul6 like to take tniB opportunit? to correct an inadvertence.
Mr. Hernes (1. c. p. 112 and 114) did not receive the unpublished Russian information
referred to from the "Laboratory for pre-Cambrian Geology" but from the Geological
Survey of Norway (Norges geologiske undersøkelse). Thus he employs the very same
6eterrninationB and inkorrnationB wnicn have deen used above.

By accident the important results of Moorbath and Vokes were not included in the
compilation and discussion above. (Moorbath, S. and Vokes, F. M. Lead isotope
abundance studies on galena occurrences in Norway. Norsk geologisk tidsskrift 43,
pp. 283-343. Oslo 1963). The paper includes a map and a list ok 37 model ages. 15 ages
are negative and 5 do not fit the general picture shown in fig. 3,11, above. I am following
the autnolB (1. c, p. 302) wnen I reject these 20 values as geological time markers. The
reniainins 17 6eterrninationB - 11 from nortnern Norway - fit the picture very well and
should be added to table 2, to the section "other" ages of table 7 and to the uppermost,
dotted line of fig. 3,11. The existence of peaks at about 900 m. v. and 400 m. v. is con
firmed and so is the age of the Oslo activity; cp. fig. 5, p. 112, below.

The model age from Ettedalsgrubene, Vegårdshei, Aust-Agder ok 1510 m. y., is in
teresting, since it adds to the few examples of ages above ca. 1100 m. v. For reasons given
above (p. 101, on Re/Os ages) I cannot, however, look upon the Tarjeisberg age of
1560 m. y. as a corollary to the authors' tentative postulation ok orogeny at 1500-1600
m. y. (1. c, p. 296); but we are, certainly, all aware that it is early days for entering into
cletaiiB.

koiiowinF lea6iBotope mo6el aFeB 6etermine6 on sålena Bnoul6, accor^inUlv,
be added to table 7, "other" ages, p. 109-110, above:

(230 m. y. Kirkerøstene, Rostadfjell, Nordland. A(B)c(d)). 240 m. y. Mutta. Grua.
Db(c). 250 m. y. Krækkjeheia, Hardangervidda. Cc(b). 260 m. v. Skjærpemyr, Grua.
Db(c). 360 m.y. Mofjell mine, Mo-i-Rana, Nordland. A(B)d(c). 390 m.y. Jakobsbak
ken, Sulitjelma. Bd. 400 m. v. Bjørkåsen, Ballangen. Be. 420 m.y. Ravnåsen, Nordland.
Ac' 420 m.y. Lille Tromsdal, Grong, Nord-Trøndelag. Ef. 420 m.y. Mosbergvik, Bals
fjord, Troms. B(C) f. 470 m. y. Gurrogaisa, Finnmark. Dg. 730 m. y. Villdalsfjell,
Bogen, Ofoten. Be. 760 m. v. Niingen, Bogen, Ofoten. Be. 830 m. v. Djupvik, Ofoten.
Be. 920 m. y. Nordre Bygstøl, Kviteseid, Telemark. C(D) b. 930 m. y. Jakobselven,
Sørvaranger, Finnmark. Eg. 1510 m.y. Ettedalsgrubene, Vegårdsheia, Aust-Agder. Da.

#
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1400 1200 1000

Fig. 5. Bottom: Age determinations by Moorbath and Vokes (see p. 111, above) .plotted
after the method used for fig. 3. - VI: "other" age determinations (cp. VI, fig. 3) in
cluding the determinations of Moorbath and Vokes. - II: Course of the widely Bpiice6
dotted line and the "Oslo curve" (11, fig. 3) nken a66jng the 6etermin2tionB of kloor

bath and Vokes. The curve of K/Ai and Rb/Sr ages is copied from 11, fig. 3.
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