FORUM

Seismic reflections fr  om sub vertical diabase dikes in an Ar chean terrane: Comment and Repl y

COMMENT A better strategy is to augment a 2-D profile with some limited 3-D coverage, as
was done at the Kola (Russia) SG-3 superdeep well (Smythe et al., 1994). But
David K. Smythe the best strategy is to obtain full 3-D seismic coverage, as was done at the
Department of Geology amgpplied GeologyUniversity of Glasgow German KTB superdeep well (Harjes et al., 1997). In conclusion, the future of
Glasgow G12 8QQ, United Kingdom crystalline crustal seismic reflection profiling lies in using some kind of 3-D

method, as is already routine in hydrocarbon exploration and production.
The demonstration by Zaleski et al. (1997) that bright subhorizontal reflec-
tors apparently at 1-3 km depth are actually sideswipe from dikes trending SEFERENCES CITED

ermin g ; ; rewer J.A., and Smythe, K., 1986, Deep structure of the foreland to the Caledonian orogen,
parallel to the seismic line is salutafpiey have provided a valuable warning off NW Scotland: Restilts of the BIRRBINCH profile: Tectonics, v5, p.171-194.

the pOS_SibIe déng_ers of Omthus_iaStiC geologicgl interpretation of two-grown, G, Platt, NH., and McGrandied., 1994,The geophysical expressionTeftiary dykes
dimensional seismic reflection profiles over crystalline terrane. in the southern North Sea: First Breakl2, p.137-146. .
However their claim to have published the first data set in which reflectiof§esherJ.A., Smythe, DK., and Bishop, 21983 The geology of the Minches, Inner Sound,
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observations were made as long ago as 1969 of some of the well-kextiary Break, v1, p.14-17.

(Paleocene) tholeiitic dikes of northwest Britain inferred from geophysid%IFSLSR-E-’ _Be"lsK-:_Ranag: G?indHHZIiIHS’HHg” 138':7,Th hZV\GIFiaAt:jltlbl 'aylffe, dSOkUtheastem
o . . uperior Province, Canada,Halls, H.C and Fahrig\. F, eds., Mafic dyke swarms:

methodsThe Loch Ewe dike _|n_ the North Mln_ch west of Scotland is the best Geologicalssociation of Canada Special Paper 3428-135.
documented example (McQuillin et al., 1979, fig. 7/22; Chesher et al., 1983Mdlijes, H.-B Bram, K., Diirbaum, H.-J., Gebrande, H., Hirschmann]adik, M., Kléckners,
is about 500 m wide, with its top about 1 km below sea level, and it shows up g-; FUSCTW :5 Ré}bbéNt-v lSmfllon,lM.,'I' “,;’maf; F:-To",“?nnv Jt.,danwen;el, F 1997, ot
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that cross it. It dies out to the southeast at the mainland coastline and doesiRt C., 1990, Interpretation of reflections in the Silian Ring area based on results from the
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others of the same swarm Were_ aIS_O nOte_d (althOUQh not eXpIICItIy dlscusseéﬁwters deduced by magnetic modelling and seismic reflection methods: Journal of the Geo-
the well-known BIRPS deep seismic profiles frorfslodre northwest Scotland logical Society of London,. 142, p.1047—1057.

Brewer and Smythe, 1986; Klemperer and Hobbs, 1991). Members of lepererS., and Hobbs, R., 1990he BIRPS atlas, deep seismic reflection profiles around the
yihe, ' P ' British Isles: Cambridge University Press, 124
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Swa.rm Can be tra.ced tothe SO.Uthedsmefe,aStetm CoaSt, of England, where the %rner K., Chambers, RYang, M., lynn,W., andWai, W., 1983, Coherent noise in marine seis-
are identified on industry multichannel seismic reflection lines, correlating with ¢ gata: Geophysics, 48, p.854—886.
aeromagnetic anomalies (Kirton and Donato, 1985; Brown et al., 1994). McQuillin, R., Bacon, M., and Barclay., 1979 An introduction to seismic interpretation: Lon-

| have compiled geophysical evidence for the Late Carboniferous quarz don. Graham antrotman, 199. _ o .
dolerite dik f h Britai he 1994: h | oegbu, CO., and Bott, MH. P, 1985, Interpretation of the Minch linear magnetic anomaly

Olerite di e_swarm_o northern Britain (Smythe, 1994; Smyt eeta N 199 and of a similar feature on the shelf north of Lewis by non-linear optimization: Journal of

Aeromagnetic data in the North Sea show that onshore dike anomalies can bethe Geological Society of London, 342, p.1077—1087.
traced up to 200 km east from the United Kingdom coast. Individual dikes, Wtﬁaﬁez’ilk»v- Ss” a{?d_ ‘iﬂ?”s-'\l/'-v 1?]81v_ﬂt‘e Sh(f'bume ‘ij'_(ev_?” eaf'}’é"'eS%Z_OiCJdiabaslefdéketir:‘
are generally up to 30 m wide onshore, attain widths of well over 1fkhoos. o s pgng%s;m's fyand regional significance: L-anadian Journal ot =ar
Thus they are at least as wide as any known ditgés.swarm is probably as pPodmore, F andwilson,A. H., 1987 A reappraisal of the structure, geology and emplacement
extensive and voluminous as the well-known and bettposed Paleocene OGf th? G.feit Dyke, Zimb?lém '?f"é’ H-C-i gnd Fashgi!)é\/- 3':5 Oeds-' Mafic dyke swarms:

e P f . eological ssociation of Canada pecial Paper = .
tholeiitic swarm of nonhweSt Brltalﬁ'.he easterly _P’Xt?nsmns‘gfﬂore Of_dlkes Smythe, DK., 1994, Geophysical evidence for ultrawide dykes of the late Carboniferous quartz-
at Dunbar are seen on industry multichannel seismic reflection sections, coinci- dolerite swarm of northern Britain: Geophysical Journal Internation#l9y p.20—30.
dent with the location of the positive linear magnetic anomaltes dikes are  Smythe, DK., Smithson, SB., Gillen, C., Humphreys, C., Kristefsen.Y., KaraeyN.A.,
revealed by prominent @i&ction patterns, which are probably reflected refrac- G210V V- Z., Pavienkova, N., and the Kola-93orking Group, 1994, Project images
X X crust, collects seismic data in woddagest borehole: Eos (@hsactionshmerican Geo-
tions (Day and Edwards, 1983e closely spaced Dunbar dike sub-grouphasa  physical Union), v75, p.473-476.
cumulative width of 2-3 km over its length of 200 km, which makes it@e, lar Smythe, DK., Russell, MJ., and Skucé. G, 1995, Intra-continental rifting inferred from the
volumetrically as any intracontinental dike discovered to date. In comparison, the 225;;3:/8 Siaf‘ig'ﬁ’fé‘; quartz-dolerite dyke swarm offlilope: Scottish Journal of
GreatAbitibi dike on the Canadian Shield IS 600 km long and 250 m wide (Er_ﬁ§£i, C.J., 1984An analysis leading to the reduction of scattered noise on deep marine records:
etal., 1987)The Great Dyke of Nova Scotia (also known as the Shelburne dike) = Geophysics, 149, p.17-26. . _
is up to 200 km long, and 60180 m wide (Papezik ang B38L). Gravity mod- Tsai %i " plr?fjg m\géh‘;dlgjeagggze and verify deep crustal reflectiofshiofe Costa Rica:
e“ng of the Great Dy_ke of Zimbabwe _ShOWS that it 's_ be!l shaped, with the m?e“éski, E., Eaton,’ DN Milkereit, B., Roberts, B., Salisbyiyl., and Petrie, L., 1997, Seismic
feeder about 1 km wide (Podmore &itson, 1987)This dike is 550 km long. reflections from subvertical diabase dykes ireshean terrane: Geology 25, p.

What can we learn from this? First, many more ultrawide dikes may be
discovered if we look for theriVe can reprocess existing seismic reflection data
to enhance reflected refractions, and thereby identify dikes, rather than to filter
them out, as is normally the aim in conventional processing (e.g., Larner eREPLY
1983;Tsai, 1984, 1985). Second, such reprocessing methods may prove to be
fruitful on data shot over oceanic crust, to enhance and possibly image the dikesZaleski
of oceanic layer ZThird, those of us interested in seismic imaging of the cry&eological Survey of Canada, Ottawa, Ontario KOE8, Canada
talline upper crust should employ three-dimensional (3-D) methods to avoidi@yid W. Eaton
pitfall of misleading out-of-plane reflections such as those demonstrateddspartment of Earth Sciences, University es%#rn Ontario, London,
Zaleski et al. (1997)his is especially important where the primary aim of th®ntario N6H 3C6, Canada
survey is to image sub-horizontal reflections at deep crustal boreholes wiikemd Milker eit
igneous intrusives or extrusives are known to be present; obvisuslysills Institute of Geophysics, Christidtbrechts University24098 Kiel, Germany
and basalts are usually fed by dikesa minimum precaution, intersecting 2-DBrian Roberts

lines must be surveyed, as over the Swedish Siljan Ring structure (Juhlin, 199€plogical Survey of Canada, Ottawa, Ontario KIE8, Canada
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Matthew Salisbury properties and 3-D forward-modeling of the seismic expression of predicted
Geological Survey of Canada, Dartmouth, Nova Scotia B2Y 4A2, Canada reflective interface#\though we agree with Smythe that full 3-D seismic cov-

Larry Petrie erage may provide optimal control on the position and origin of seismic events,
Noranda Mining and Exploration Inc., Bathurst, New Brunswick 828, and we have conducted 3-D surveys ourselves for this purpose (Adam et al.,
Canada 1997; Eaton et al., 1997; Milkereit et al., 1997), the monetary and environmen-

tal costs for land-based 3-D surveys can be prohibitive, and nonscientific fac-

We thank Dr Smythe for his Comment providing additional illustrationsors, such as existing road networks, are an important consideration. Hence, in
that dikes produce significant seismic events, in both land- and marine-basady investigations of the crystalline crust, 2-D seismic methods will continue
seismic reflection surveys, ranging in scope from our detailed high-resolutiorbe a practical tool for reconnaissance surveys, and any model that can
survey to regional surveys designed to image lithospheric thicknesses. Howewnrance the interpretation of 2-D data and assist in the identificatidrinéof
in many of the examples given, the seismic evidence for dikes is based onreflections will be usefult least for crystalline upper crust, the tools and tech-
ondary features, such as disturbance of reflective sedimentary horizons by miidgges of the field and structural geologist can go a long way toward augment-
emplacement (McQuillin et al., 1979; Kirton and Donato, 1985; Ofoegbu and the interpretation of 2-D seismic data.
Bott, 1985), channel features interpreted as the result of dewatering, diagenetic
volume-loss and graben formation near dike contacts (Brown et al., 1994), RiFEERENCES CITED o )
sedimentary drapes over extrusive material at the top of a dike or over the W@'si}sAr:}glgkglérBaiﬁdfngM'sM ditg‘js"igz k/la':;“g;er;‘f”Q%e E ggggﬁgif'e”’e:;"ﬁp'f&i%
itself (Brown et al., 1994). Brown et al. (1994) combined secondary features  jngs of Exploration 97: Fourth Decennial International Conference on Mineral Exploration,
with modeling of seismic interval velocities and identified dikes as zones of GEO F/X, p433-438.

anomalous apparent uplift and high veladityother examples, dikes are assoBrown, G, Platt, NH., and McGrandlg)., 1994,The geophysical expressionTitiary dykes
in the southern North Sea: First Breaki2, p.137-146.

ciated With difraction patterns (MCQUi“in etal, 1979), rathgr than with COhebay, GA., and Edwards, ., 1983, Reflected refracted events on seismic sections: First Break,
ent reflections. Smythe (1994, p. 23) suggested that fhectlifn patterns are v.1, p.14-17.

“probably reflected refractions,” and from his reference to Day and Edwafedon. DW., Milkereit, B., andvdam, E., 1997, 3-D seismic exploratianGubins, AG, ed.,
1983 infer that h . d t d hani | toth roceedings of Exploration 97: Fourth Decennial International Conference on Mineral Ex-
( ), we Infer that ne envisaged a geometry and mechanism analogous 10 thal loration, GEO F/X, p65-78.

of our modeling studies. Our contribution lies in unambiguously correlating S&jton, S.R., and Donato, &., 1985, Some burietertiary dykes of Britain and surrounding wa-
eral subvertical dikes with their associated reflected refractions, and in providing ters deduced by magnetic modelling and seismic reflection methods: Journal of the Geo-

. . . i logical Society of London,. 142, p.1047-1057.
a predictive model that demonstrates the relationship between the map w&ﬁluillin, R., Bacon, M., and Barclgy., 1979 An introduction to seismic interpretation: Lon-

position and trend of dikes, and the position and apparent dip of the reflected don, Graham aritrotman, 199.
refraction in the seismic profile. Milkereit, B., Berrer E.K., Watts,A., and Roberts, B., 1997, Development of 3-D seismic

. . : . . exploration technology for Ni-Cu deposits, Sudbury basi@ubinsA. G, ed., Proceed-
We were able to recognize the systematic relatlonShlps and to devise the ings of Exploration 97: Fourth Decennial International Conference on Mineral Explo-

model from the results of a 2-D seismic reflection survey because of the excel- ration, GEO Fix, p439-448.
lent constraints on the surface position and possible subsurface geomet@Bfoefbu, CO., and Bott, MH. P, 1985, Interpretation of the Minch linear magnetic anomaly and

lithological units, including dikesThe constraints were based on geological of a similar feat_ure on the shelf north of Lewis by non-linear optimization: Journal of the
R . . . . . Geological Society of London, 42, p.1077-1087.
mapping, interpretation of high-resolution aeromagnetic data, structural anglyge, DK, 1994, Geophysical evidence for ultrawide dykes of the late Carboniferous quartz-

sis, and down-plunge projection, integrated with determinations of acoustic rock dolerite swarm of northern Britain: Geophysical Journal Internation&l9y p.20-30.

Early Paleozoic paleog eograph y of Laurentia and western Gond wana: Evidence fr om tectonic
subsidence anal ysis: Comment and Repl y

COMMENT With regard to factual errors, one very important example is the statement
that the tectonic subsidence curve for the Cambrian-Ordovician strata of the
lan W. D. Dalziel critical Precordilleran terrane of northwésgentina “does not show any sig-
Institute for Geophysics, University @xks, 4412 Spicewood Springs Road, hificant response, either in the form of a major unconformity or of a foreland
Bldg. 600 Austin, Exas 78759-8500 (ian@utig.ig.utexas.edu) basin, to the docking onto Gondwana in the Ordovician that is predicted by both
Ricardo A. Astini the wide- and narrow-ocean paleogeographic modeliiiglivs, 1997, p748).
Catedra de Estratigrafia y Geologia Histérica Universidad Nacional Actually, the Middle-Upper Ordovician strata of the Precordillera show not only
de Codoba,Av. Vélez Sarsfield 299, 5000 @bba,Argentina a major unconformity at the time of docking, but also a change in flexural
(rastini@satlink.com) behavior coeval with the sedimentation of black shales that initiate the colli-

sional clastic wedge (e.gstini et al., 1995, 1996Villiams does note a major
Williams (1997) used tectonic subsidence curves to constrain paleogdtange from carbonate- to clastic-dominated successibisinterval of
graphic interpretations of the early Paleozoic. Despite oferidij interpreta- increased gradient in the subsidence curve was related to the collision-induced
tions of the geographic relations of Laurentia and Gondwana during this tiftexural subsidence in a peripheral foreland context (Thoma&siini, 1996).
we are united in findingVilliams's contribution flawed in methodolagigctu- ~ Collision-induced flexure started in middle to latenig times, whereas the
ally incorrect, and thereby presenting unsubstantiated and misleading claimgasaltic pillow lavas in the west were extruded during postcollisional extension
The basis of the methodology {lfms, 1995, p. 79) is that there are “ain the Caradoc and have an E-MORB signature rather than being “arc-related”
limited number of distinct tectonic subsidence curves, each of which is refffer review see Dalziel, 1997).
sentative of a diérent tectonic style.Thus, it is claimed that study of these =~ Wehave several problems with the paleogeographic scenario presented by
curves may “provide constraints on some paleogeographic reconstructioféfiams in his recent paper ({iam, 1997, Fig. 2), and the earlier contribu-
(Williams, 1997, p. 747)lectonic subsidence analysis is a valuable approacHi@n on which it is based (Wams, 1995, Fig. 14): the totally unsubstantiated
timing of rift-drift transition. It does not, howevetherwise furnish data directly placement of the Patagonian “terrane” outboard of Peru and Chile in late Pre-
on the time-space relations of contineAtssix of his tectonic settings for sub- cambrian times; the location of Baltica in tropical latitudes at the Cambrian-
sidence curve types are represented, for example, in basins formed duringtéevician boundary; and the locatiorMééstAntarctica (“easfntarctica” in
Mesozoic-Cenozoic history of subduction alongAndean magin of South  Williams, 1997, Fig. 3) in the Cape embayment. Most egregious to us, hpwever
America.Thus, the presence or absence of basins with certain types of suipghe statement (liams, 1997, p749) that derivation of the Precordilleran
dence curves along a continental ghaneed have no bearing whatsoever oterrane from the vicinity of the Ouachita embayment (Dalziel et al., 2884
ocean width. et al., 1995Thomas and\stini, 1996; Dalziel, 1997) can be explained by “a
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