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opposite trends, but not all wells do have overpressure. A final unlikely The northern Grand Banks well locations are shown in relation to Newfoundland, the oil fields at I-_Iibe.rnia and This is an excerpt from the Tectonic Elements map (Edwards et al., in press) showing basins, major tectonic and The diagram shows time, not depth, versus distance and was modified from McAlpine (1990) by adding detail in Only a few wells show a distinct break in the Ro gradient at the Avalon and base Tertiary unconformity. The
cause may be reworking of vitrinite eroded from other sources. Wh|teros_e.. Gr.een wells have a low, blue wel!s an intermediate, and red wells a high maturity gradient; that geologic features. The Tertiary is underlain by an erosional surface that may have eroded as deeply as the the Tertiary as outlined by Deptuck et al. (2003). The Tertiary Banquereau and Late Cretaceous Dawson Canyon underlying section reached a higher maturity gradient prior to erosion than the overlying sediments do now.
The variation in aeothermal aradient makes thermal modellina and number is indicated. The wells are also on Figure 2. . _ Carboniferous rocks shown. Salt diapirs are shown in dark-green. The studied wells have the same colours as on and Eider Formations are underlain by the Avalon unconformity that removed rocks from Late Cretaceous to This may have been caused locally by active paleo-hydrothermal systems in some wells. Bulges in the
y _ g _ g _ _ “s g Gradients of red wells are at least twice that of the green wells. The maturity groups show no geographic pattern. Figure 1. There appears to be no relationship between geologic location and the LogRo gradient, age of the Carboniferous age. Note also the pervasive base Tertiary unconformity. profile of wells like Bonanza M-71 can be so explained, or by vitrnite reflectance retardation.
predlctlon of maturlty levels at undrilled locations very difficult. underlying basin, or to known heat conductors such as salt diapirs.
Retardation of maturity due to overpressure Retardation of vitrinite reflectance at onset of oil generation
M atu rlty prOfI |eS Pressure in kPa*10000 BAC(G:a'nAw\mlzlsEotiiﬂlD-fr?of amma-range Shale%  Sonic of >75% shale, Dens Vitrinite Tmax Vitrinite Reflectance based Pressure in kPa*10000 BON;Aa\n[\nlﬁazén!XII;101m gamma-range Shale%  Sonic of >75% shale, Dens Vitrinite Tmax ViTrin'\i/lTeT R ele QCTOPH Cfe. | based Pressure in kPa*10000 PANC-;‘I;rTI?rInaEanI-EEEm amma-range  Shale%  Sonic of >75% shale, Dens Vitrinite Tmax ViTrinl\i/IT e‘r ) ef’rl'eCTOPn Cfe' | posed d Il ?
0 2 4 6 8 10 12 50 100 200 g400 60: 50 70 900 200 0400 ’60002 0.6 12 435 465 0.2 MO;;JFO“OH oPérOf”eos 1.2 0 2 4 6 8 10 12 14 50 100 200 400 600 50 70 90 200 400  6000.206 124 2 435 465 02 04 - 5;0 IOO-; = 1.4 2,0 3.0 0 2 4 6 8 10 50 100 200 g4oo 60(? 50 70 900 200 0400 ’6000.2 0.6 435 465 0.2 Go.auro = o.io l eo.s What oes It aill mean:
Depth Vitrinite Reflectance based Maturation Profile T D e | e [mee|bmmee | B e [Chemteme || [ e || e oamm | e . ? ? s ||| e, || || Remmee | S Maturity retardation due to overpressure and vitrinite reflectance
85% lithostatic @ 19.2 kPal|| = || = &aSing point || ) 5% shale Avery (2002) ! | | | | Z g lthostatic @ 19.2 kPal || —H———| — Gamma ] R shale Avery (1966 | | : : ANQUEREAUFM | — 8% lthostatic @ 192kPal || || T Gaa || L oeshale | | . .
. ﬂi Depths relative to seafloor i@@ || S | | - ; |3 © s | | | | gt | s | | : retardation due to hydrocarbon generation.
S0 005 02 B T S R 20 50 5.0 T oeTE i A T E E LR I Y | Only Baccalieu I-78 and Nautilus C-92 show a distinct expression of
L A B A B L R """"""""””'WTTWTTWTTWWW W WLT IS | ‘ ‘ ‘ | sk BHTIin°C 3 ‘ ‘ S ‘ ‘ ‘ S ‘ ‘ : : % BHTin °C L : : S | : : : : [ . e e . . . .
, (129 i LAl o I o : oo TN 1T e | FE e I e | | | | | | 15 ; retardation of vitrinite reflectance (Carr, 2000), although indications
e |\ \\TUmEerne 888 | Llegend N\ | . | = ' 3 | B I N O R f+ ******** T 5 appear in several wells. The Ro data appear to show retardation between
z ' \ St el | (123) = Slope values of RMS lines - | o ! | .i : | 4 | Ro=0.55 to 0.6, the onset of the oil window, such as in Bonanza M-71,
(155) | (log Ro/km) vl S i | | I W N N '] 5 s ‘, i i [‘ |+ i Dominion O-23, Panther P-52 and Whiterose L-61. In many wells the
|| Linnet E-63 \ o) : | | | i 8 {0123 Log Rofkm | | | | f : | Tmax also shows retardation (Bonanza M-71). Near that same depth the
4 (194) \ | . . 0.143 log Ro/km E i gamEE e i e 3-{": """"""" | overpressure starts. On Grand Banks and the Scotian Shelf the
| 1. | £ * | - S . £ | | I} g | S | : 0 .
| A | | | | | ; AU S | | : ¥ |+ ; overpressure does not start at a specific sediment depth or rock
| | o | g i E Apparent backstep IR VO DR NSRS SIS SRS S I { I S U : “SN | [ o AODIOK. 206 . AR S L 0129 Log Rokm formation. It appears that the overpressure is not caused by
' ' 11 ' 000 1 : o i B R %000 ) : P : : - ima : : " NN HE A I . ' : : : =~ S : O P I I £ : : ‘ : ! . . . .
| | | | e [hmeracy l boeeoran | o v\ \ Overpressure |l o A Fe | ls | of suppression I R W SR My R S S NS S AT e : undercompaction such as in the Gulf of Mexico, but by the generation
1, : . Bonanza M-71 (upper) | ~ emweoworm| | - it | TN i o0 | | \Gveereseure L L qE g T R {ome and migration of hydrocarbons into traps with impermeable seals, as
| (129 | I | i ISR N N L aooo - ot g5 + : seen in the North Sea. An explanation of the retardation is the retention
| | — | HEE ! | | | |, e + : : O
| | 000 e T T T T T T T T T T AT TR imate Top ] Z R 5 romresacse | L\ ik | el . e of generated volatiles within the macerals due to the overpressures (Carr,
8 : | (.117) : % —EGRETMB} Overpregsure . ! ; E : : : +@ . ; . —VOYAGERFM f? + 5 o??l?p;%):ez(s)lgi i 2000, WlelenS & Jauer, 2001 )
[ [ [ = = : S8t | : : $le o 0 ‘ o + |
| | | ~ [vovcerem ] | i | | %) | L , 1 | N SIS 2 S | | The borehole temperatures from one well to another at the same depth or
| | | — e | 5000 SAREEERRTERRTRERPTRRTE 1 PR ERERERE M= == 5000 ‘ ‘ Y ‘ + ! . . . . .
: : : —= | | | | | B R B S| . ; =] ——— N (i i o ol ‘?f R S . | in the same formation are significantly different. Extrapolated to surface,
10 ’ : ! : 7 ‘mz_ 5IO - 100 4\ e 7 150 1_75 ' 1 — “0‘ _ll d ! _3 s 2: :1.5 | | B E Ro:lf‘s’/?.81 IIIIIIII 50 w"_mu?gghg;:;;:tzztemper;ifeinOC 190 75 o ° Density from gamma ..|....|....|....|....|....|'....|....|....|.I...|I....|....|....|....|....|..:..|.|.|.|.|.|.|.|.|.|.|.|.|.|.|.|. Rock% Gomectsd temperaturs in G Resistivity pensly fromgamme T .|....|....|....|....;.... ol b ."HIHHIHHIHHIHHI' many dO nOt even interseCt near Oo C, e-g- Dominion 0-23- Combined
| . \ . T ey B T Sk — with the large variation in, and erratic relation between LogRo slopes and
| | 038 NAUTILUS C.02 SOMINION 0.23 WHITEROSE L6 location in Figures 1, 2 & 5, it suggests to us that local, fairly recent
12 : : : Pressure in kPa*10000 Gamma Sonic+ID from gamma-range  Shale%  Sonic of >75% shale, Dens Vitrinite TmaX VITrInI\I/IT(?TEreoffl ieoCnJr OPr:gfeilgased Pressure in kPa*10000 Gamma Sonic+ID from gamma-range  Shale%  Sonic of >75% shale, Dens Vitrinite Tmax VHrin,\iATETEreOf:ieoCnTopr:gﬁ|Sosed Pressure in kPa*10000 Gamma Sonic+ID from gamma-range  Shale%  Sonic of >75% shale, Dens Vitrinite TmaX ViTrin[\i/lTs’rErequl ieoCnTOPr:gfeilke)Osed hyd rOthermaI SyStemS affected the maturity in the medium and high
| | | o B e B B B e e[ me o T L e A ot O 4 ‘ o : 0 S0 w0 A0 Mo 0o 00 0 o ewox 0o am s, 0p o4 0p O o : : ° L hope W membe W 0 WMLl s we, O3 S o . — LogRo gradient wells. Overprinted on this is vitrinite reflectance
1 - S;?ts\ljv:/tg:tﬁer 10?'795;53 3 3 + Rggi(s:ti\r/(i)t?f'ram.._ ool fggrqiscltlyrggrggg"/rgma g:gg::m Il::g: ggg : I ] — Fresh water @ 9.96 kPa ] ] ; %gr;:gt]ic\rlci)tymf'rém... fggrr]lis":it%/rémrg%ayma . S:?ﬁge%léibsmggm : | BANQUEREAU FM : . graeltscvg\{ztrer 10?.796k3Pk:a : : ; %grs];gtif\r/(i)tym_f'r'c')m... Lo fggﬂis(;t%ggn;?;ﬂma Avgry (2001) : : : | - . .
‘ l l l ~ sinccto fodiea | 1| " ggmapn | D7l T | e | GANQUEREAUFM - et e[| =g B[Pl ' , | “eihedegioties| || —gghapon || T el - . retardation by hydrocarbon generation. Hydrothermal effects late during
| | | MU Log || A s | O || [FAvey oo2) | OMuglog & |7 Seqmacrgnal ||| | RokenaR | | MudLog o || T Gmmagggat |l - | " : . : :
14 | | | $oirit - I : $srt | s = - : deposition of the Whiterose Shale Formation would explain the kinked
| | | + RETISI o ! RFTIS] | RFTISI | | | | -
| | | N -0 It | RN 4 ; Fat e . - | LogRo trend in Bonanza M-71. In wells farther south on Grand Banks
: : : \ | i | - - 5 oH | (e.g. St George J-55) a pronounced bulge is present on the LogRo
16 f f | - B | Lo _ S R i 1R | Lo L profile. The only explanation appears horizontal hydrothermal flow
° : : | Bonanza M-71 Z - '~ 0.121 Log Ro/km o | | | [ | confined to a carrier horizon.
' ' : - ) i ; | i | 1 | I |
: : | 2000 . RA S| - <2000 : © I SN | | | |
| | | — o | l Rl | :
8 | North Ben Nevis P-63 \ I *_ Apparent backstep | ; - | _ | | | - |
. . | (153) (198) E i ; \\' e . | o =" | -~ 0,164 Log Rofkm < - - X References:
i i (119) o1 ! 5 - NAUTILUS SHARS o i b g | | - | | : E e—  0.235 Log Ro/km Carr, A. D., 2000: Suppression and retardation of vitrinite reflectance, Part 1. Formation and significance for
| | . e N » e P b s Bl E | 8 hydrocarbon generation. Journal of Petroleum Geology, vol. 23(3), pp 313-343.
6 f lf; lénl W:ndovlv¥l Seb bR LLLLLLM LS B TR | S S O T W S e i rl N F B A 4 %? E : Deptuck, M.E., MacRae, R.A., Shimeld, J.W., Williams, G.L.,and Fensome, R.A. 2003 : Revised upper Cretaceous
- VARG srace gy Appioximate Top U | O I | S Approx. zone | 1Y I = ?pprox' ol and Paleogene lithostratigraphy and Depositional history of the Jeanne d’Arc basin, offshore Newfoundland,
A MARKER eTpressE B L T T [ S N . T A Approximate Top|| g '?_; e of suppression | q] 3 = o suppression A A Canada. AAPG Bulletin, in press
: : - e | S 2000 Overpressure RS || IR F | B ? = e Edwards, T., Jauer, C.D., Moir, P. And Wielens, J.B.W. (Eds), 2003: Tectonic Elements; East Coast Basin Atlas
g R ueldiadients Y e ettt RN W . ‘;_ oo WANDOTEN ‘ S i =l = e Series; Grand Banks of Newfoundland; Geological Survey of Canada, Open File 1795
: : : CRMARKER shaLe LoweR o [ HITEROSESHATE § l ‘ CAH S = o Fertl, W., 1976: Abnormal Formation Pressures: implications to exploration, drilling and production of oil and gas
The LogRo gradients of the investigated wells show three groups. Low values are | ‘ ot | | ] . | “approsimate Top || 5 '''''' s S N1 N O SRR S IR | iy o reservoirs. Developments in Petroleum Science 2, Elsevier Scientific Publishing Company, 382 p.
around 1.2, medium around 1.5, and high values are 1.9 and above. The well locations | IBERNIA M | G | | 3000 ‘ AT N I PSS +oE R | _ _ _ _ _ _ ,
Ei 1 d2. B M-71 has t dient ith sianifi tly diff t - FORTUNE BAY SHALE Ot : ‘ @&.,. I | | | ! McAlpine, K.D. 1990: Mesozoic stratigraphy, sedimentary evolution, and petroleum potential of the Jeanne d’Arc
are On_ Igures 1 and <. O.nanza ' as two gradients with signiricantly ditreren JEANNEDARCFM s ; ! | ; - | . %ﬁ% ﬁ» | L | Basin, Grand Banks of Newfoundland. Geological Survey of Canada, Paper 89-17, 50 p.
slopes: 0.123 and a very high 0.532. 0 e T NN W 500 . ) i - . o St e e L e L — T T 0608 1 50 75 o O s 28 2 s | | Wielens, H., and Jauer, C., 2001: Overpressure, Thermal Maturity, Temperature and Log
Ro:k.eo/?.a 1 50 720rrectedtel:)serature in3(2:5 150 - 3 D o s N Rock % Corrected temperature in °C 10 Resistivitym Density from gamma Ol Window Rock % comected lemperaturein ¢ Resistivity e b b b b b O|W d bl Responses in Basins of the Grand Banks of Newfoundland. Geological Survey of Canada, Open File 3937.
Recommended citation
Figure 6: Pressure-Ro plots Wielens, J.B.W., and Ave :
, JB.W, ry M.P., 2004:
Maturity trends from vitrinite data on the northern Grand Banks; Geological Survey of Canada, Open File 4488.
Diagram explanation: Fertl (1976) showed that wireline logs from wells in the Gulf of Mexico, especially the sonic, density and to some extent resistivity, indicate overpressures, in the form of a ‘dogleg’ in the
The pressure plots were made to show overpressuring and its relation to wireline logs, borehole temperature, lithology, stratigraphy, vitrinite reflectance retardation and Tmax logarithmic slope. This works only in shales and is shown in panels two and three. Sonic (blue dots) and resistivity (red crosses) were plotted only if the gamma ray shale range (first part of This report was released with the permission from the Director Geological Survey of Canada - Atlantic
retardation. All data are from the BASIN database. The plots for each well show five panels. The first panel shows the lithology in commonly used colours, as well as formation tops. second panel) confirmed shale. A shift has been applied to the gamma ray log where obvious digitising errors were made at casing points. This is not strictly correct, a scale factor should oH . -
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The hydrostatic pressures of fresh and salt water are shown in light and dark blue, the lithostatic pressure in red and 85% of lithostatic pressure in orange. Red stars are for corrected have been applied but was not available. Another technique is to use the lithological data. On the third panel, sonic (blue dots) and density (green crosses) were plotted where rocks were Available from: Geological Survey of Canada

B borehole temperatures. Pressures are from tests (shut-in pressure) and drilling mud weights. Overpressure is defined as pressure points that are significantly above the hydrostatic more than 75% (blue vertical line) shale. The next two panels show vitrinite data from several authors, and Tmax data. Both may show retardation. The last panel shows our Ro data with go_1 Boott)h S’:rt(aet,hOttawa,_fante;rio t»_<1A OE8
Canada gradient; it is called ‘hard’ when near the lithostatic gradient. The pressure profile generally increases in steps. gradients and observations. rice subject to change without notice




