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Methodology for construction of Vulcan model of the Saltby Volcanic Formation, 
DGSM Nottingham-Melton project. 

Author: Dr S. Dumpleton. 

Introduction 
The object of constructing the Vulcan model was to create a quantitative 3-D visualisation of 
the concealed Saltby Volcanic Formation (SVF) (Carboniferous) within the area covered by 
the Nottingham and Melton Mobray 1:50 000 scale geological sheets (Nos. 126 and 142) 
which forms part of the current (2003) DGSM Nottingham-Melton Project. The model was 
not intended to be a structural geological representation; rather, a lithostratigraphic 
visualisation 'normalised' to an arbitrary horizon related to the (near) time-plane represented 
by the A. vanderbeckei Marine Band. This is a common concept in 2-D stratigraphic cross- 
sections and fence diagrams, but an unusual application for the Vulcan 3-D modelling 
software. Once complete, the model would allow fully interactive rotation, visualisation and 
dynamic cross-sectional slicing in any orientation. 

The Vulcan model was developed in three versions from interpretations of borehole 
geophysical logs. Initially 8 boreholes were used, but as digitised geophysical logs from 
additional boreholes became available, successive Vulcan models were developed using 13, 
and finally, 26 boreholes. The modelling methodology was refined in each version, building 
on what had gone before but, as later versions included boreholes situated within the 
envelope area of the previous versions, the earlier Vulcan models were not retained. 

Lithostratigraphic coding 
Prior to any Vulcan modelling, the borehole geophysical logs were manually interpreted and 
an initial lithostratigraphic correlation between boreholes established. This was carried out by 
John Carney (Principal Mapping Geologist). Individual SVF units were assigned a 
stratigraphic code to enable modelling of particular units or combination of units. The coding 
system used was a branched alphanumeric code based on a method employed for coal seams 
by British Coal Opencast, which is well-suited to deposits exhibiting multiple leaves, splits 
and recombinant 'Z'-linkages. A schematic illustration of the coding used is given in Fig.1 
and a full list of codes used in the Vulcan model is given in Appendix 1. The earlier Vulcan 
models highlighted a very few instances of mis-coding which were subsequently amended in 
the final version. 

The alphanumeric stratigraphic code was also suffixed by a lithological code, principally 
based on the lithology name. This ensured that the Vulcan model, although based on 
stratigraphic relationships, could also be interrogated to reveal the lithology at any particular 
borehole intersection. It was originally intended that a lithological 'drape' overlay could be 
applied to any stratigraphic unit over any part of Vulcan model. This is quite feasible, but has 
had to be postponed to a possible later stage of modelling. 

Datum for Vulcan model 
The A. vanderbeckei Marine Band (VMB) was identified in the majority of the boreholes and 
enabled all lithological units to be related to an arbitrary datum of 50 m above the VMB. The 



VMB is absent in 4 boreholes. In Woolsthorpe Bridge and Roman Plantation boreholes, the 
VMB appears to be absent as a result of non-deposition due to the positive topographic 
(possibly sub-aerial) feature formed by tuffs (BG). In these locations, the horizon of the 
VMB was estimated based on the position of the 2nd Ell coal. In Great Ponton and Egypt 
Plantation boreholes, where the Permo-Triassic erosion surface cuts out the VMB, a pre- 
unconformity horizon for the VMB was estimated from elevations of units within the SVF - 
a rather uncertain procedure and hence liable to error. 

Creation of borehole database 
For each borehole, the following parameters were required: 

Borehole Name 
National Grid coordinates 
Surface elevation 
Depth to VMB (or estimated equivalent horizon, where VMB is absent) 
Top and bottom depths for each coded horizon to be input 
Total depth (BASEBH) of borehole 

From these parameters, an Excel spreadsheet was created which calculated the depth to each 
coded horizon, relative to the VMB. The stratigraphic and lithology codes were also added. 
From the spreadsheet, two further spreadsheets 'collars.dat' and '1ith.dat' were created in 
ASCII text format and imported within 'Envisage' (the core Vulcan modelling module) to 
form the Vulcan borehole database. A detailed description of the Vulcan methodology is 
beyond the scope of this report, but the data listings are given in Appendices 4 and 5. 

Spatial limits of Vulcan model 
Once the borehole database had been defined and created, Vulcan modelling could begin. 
The spatial limits of the model were defined as follows: 

Min. Easting 465000 
Max. Easting 496000 
Min. Northing 3 19000 
Max. Northing 346000 
Max. elevation 500 m relative to modelling datum (i.e. 50 m above VMB) 
Min. elevation -1000 m relative to modelling datum. 

These limits gave plenty of room for subsequent expansion of the model if required. 
A vertical exaggeration of x 15 was also applied. 

Creation of the Vulcan model 
Overview 
The model was created in the following key steps: 

1. From the borehole database, points, lines andlor polygons were generated to define 
the top surface, base surface and lateral extent for each stratigraphic coded unit to be 
modelled. These were saved in Envisage 'layers'. 



From the objects and layers in step 1, a Vulcan solid triangulation was created for 
each of the stratigraphic coded units to be modelled. The solid triangulation enclosed 
and modelled the top, base and lateral extent of each unit. Each solid triangulation 
was created either directly from the data points using the Envisage solid triangulation 
creation routine, or by appending two or more 'simple' (i.e. non-solid) triangulations 
together. Additionally, some simple triangulations representing surfaces of 'zero 
thickness' (i.e. the bases of the VMB and selected coal seams) were created and used 
in the model visualisation. 

3. The solid triangulations in step 2 were then used to create a Vulcan 'block model' of 
all the coded units. The block model allowed colour-filled cross-section slices to be 
generated at any orientation through the model. Fig. 2 is an oblique view (Vulcan 
'screen-shot') of the model showing a block model cross-section slice combined with 
solid triangulations. 

Step 1 - Generating stratigraphic surface extents 
The boreholes were loaded into Envisage using the [Geology > Drilling] option and 
modelling of the top and base surfaces for each stratigraphic coded unit was achieved using 
the [Geology > Drilling > Model] option. This created points for the toplbase intersections 
which were saved to an appropriate Envisage layer with a layer name of the form 
<CODE>-TOP or <CODE>-BASE. 

The modelling option also automatically generated a polygon(s) which separated area(s) 
where the coded unit was present or absent, with points on the polygon lying midway 
between 'present-absent' boreholes. Points on the polygons thus generated initially had a 0 m 
default z-value (i.e. elevation), but this was amended manually and interactively by the user 
viewing and manipulating the points in Envisage cross-section mode. In this way, the 
polygons became the limiting lateral extents of the coded units, but also having 'true' (i.e. 
meaningful) z-values. The extent polygons were also saved to an appropriate Envisage layer 
with a layer name of the form EXT-<CODE>-TOPIBASE, etc. 

In order to control the subsequent triangulations exactly, it was frequently necessary to 
manually input additional control points (usually in Envisage cross-section mode). These 
were saved in the appropriate Envisage layer <CODE>-TOPIBASE-X. Control points were 
also used to provide a z-value point for given coded units where these were thought to be 
present at a borehole location but where the borehole was not deep enough to intersect that 
horizon. In this case, the elevation of the control point was estimated manually, on-screen, in 
cross-section mode. 

See Appendix 2 for the full list of Envisage layers and their descriptions. 

Step 2 - creating solid triangulations 
( i )  Creating solid triangulations directly 
For each coded unit to be triangulated, the layers representing the top and base surfaces and 
the lateral extent polygons were loaded. The solid triangulation was created using the 



Envisage option [Model > Triangle Solid > Create]. First, the top and base extent polygons 
were selected to generate a vertical 'wall' triangulation; secondly, the base and top surface 
layers were selected in turn to generate the 'End plates' [Model > Triangle solid > 
End-plate]. 

(ii) Creating solid triangulations by appending simple triangles 
It was sometimes easier and more control achieved by generating the top and base surfaces 
triangulations separately using the option [Model > Triangle Surface > Create] as an 
intermediate step. The simple triangles were subsequently appended to the 'wall' 
triangulation (generated in (i) above) using the option [Model > Triangle Utility > Append]. 
The advantage of using this method was that it enabled easier editing of the triangles [Mode 
> Triangle Edit > Flip Triangles] to ensure congruence between modelled, coded, units so 
that the top of one unit did not inadvertently intersect the base of the overlying unit. 

(iii) Other triangulations 
In addition to the solid triangulations, simple triangulations were created to model the VMB 
and the coal seams Deep Main, Parkgate and BlackshaleIAshgate. The data points used in 
these triangulations were derived in the manner described in Step 1. 

A full list of triangulated surfaces is given in Appendix 3. 

Step 3 Block model 
A requirement of the Vulcan model was the facility to generate cross-sections at any 
orientation through the model which could be displayed with a 'solid' fill. This was achieved 
by creating a block model - essentially a 3-D stack of orthorhombic 'bricks' colour-coded by 
variable (in this case, according to stratigraphic code). A full description of the methodology 
for block model creation is outside the scope of this report, but the general parameters are as 
follows: 

Origin: Easting 473900, Northing 325900, elevation -450 m. This locates the lowest south- 
west corner of the block model. Additionally, the block model was assigned a bearing of 90°, 
and a diplplunge of zero, meaning that the overall block model extends from the origin to the 
east, and with zero dip in x and y. This created a 'block model definition' i.e. an envelope 
volume within which all the horizons to be modelled would be contained. The solid 
triangulations (from step 2) were used to constrain the generation of the individual blocks. 

The maximum size ('parent' block size) of any individual block was set (after some trial and 
error) at x = 500 m, y = 500 m and z = 50 m. Where a parent block intersected a solid 
triangulation surface, sub-blocks were generated to increase the resolution of the model. The 
sub-block size (i.e. highest resolution) was similarly set by trial and error to be x = 100 m, y 
= 100, z = 1 m. This resolution was found to be fine enough to allow a reasonable 
representation of the coded units along their boundaries, yet not too fine such that file size 
became unwieldy and interactive model rotationlrnanipulation became too slow. On 
completion, the block model could be viewed in multiple cross-sections together with 
triangulations, borehole 'stick' plots, etc. The solid triangulations used to create the block 
model are indicated in Appendix 3. 
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Fig. 1 
Schematic relationships of lithostratigraphic codes in the Saltby Volcanic Formation 





Appendix 1 
List of lithostratigraphic codes 

Stratigraphy 
(2-2-WLOO 
Quasi-2nd Waterloo 
2-WLOO 
2nd Waterloo 
4-WL00-1-ELL 
4th Waterloo/lst Ell 
2-ELL 
2nd Ell 
VMB 
A. vanderbeckei Marine Band 
DMAlN 
Deep Main 
PGATE 
Parkgate 
TNTQ 
Tuptonflhree-quarter 
BSH-ASH 
Blackshale/Ashgate 
MTN 
M~ckley Thln 
MTK 
Mickley Thick 
KLBN 
Kilburn 
BLAWN 
Belper Lawn 
SMB 
G. subcrenatum Marine Band 
NAM 
Namurian 
DIN 
Dinantian 

Phase 1 Volcanics 

AD 

AC2 

AC 1 

AC 

AB4 

AB3 

AB22 

AB2 1 

AB2 

AB123 

AB1 

AA22 

AA21 

AA2 

AA1 

AA 

Phase 2 Volcanics 

B H 

BG 

BFG 

BF23 

BF22 

BF21 

BF2 

BF1 

B F 

BEF 

BE 

BDE2 

BDEI 

BDE 

BD 

BC 

BBCD 

BBC 

B B 

BABC 

BA2 

BAI 

B A 

Sills 

S-MTN-ASH 

S-BF1-BF2 

S-BDE-BF 

S-BC-BD 

S-BA1 -BA2 

S-AC-AD 

S-AB-AC 

S-AB4-AC 

S-1 BB 

S-1 AA2 

S-1 AA1 

S-1 AA 



Appendix 2 
List of Layers created during construction of the Vulcan model 
Note: * = 'wildcard' i.e. any alphanumeric character 

Layer Name 
2-ELL-B ASE 
2-WLOO-BAS 
AA1-BASE 
AAl-TOP 
AA2-BASE 
AA2-TOP 
AB 123-TOP 
AB1-BASE 
AB I T O P  
AB2 1-TOP 
AB22-BASE 
AB2-BASE 
A B 2 T O P  
AB3-BASE 
A B 3 T O P  
AB4-BASE 
AB4-TOP 
AC1-BASE 
AC 1 T O P  
AC 1 T O P - X  
AC2-BASE 
AC2-TOP 
AC-BASE 
AC-BASE-X 
AC-TOP 
AC-TOP-X 
AD-BASE 
AD-TOP 
BA1-BASE 
BA1-TOP 
BA2-BASE 
B A 2 T O P  
B ABC-B ASE 
B ABC-TOP 
BA-BASE 
B A-B ASE-X 
B A-TOP 
B A-TOP-X 
BBCD-BASE 
BBCD-TOP 
BBC-BASE 

Description 
Base of 2nd Ell 
Base of 2nd Waterloo 
Base of AA1 
Top of AA1 
Base of AA2 
Top of AA2 
Top of AB 123 
Base of AB 1 
Top of AB 1 
Top of AB21 
Base of AB22 
Base of AB2* 
Top of AB2* 
Base of AB3 
Top of AB3 
Base of AB 
Top of AB4 
Base of AC1 
Top of AC1 
Extrapolated points on top ACl 
Base of AC2 
Top of AC2 
Base of AC 
Extrapolated points on base AC 
Top of AC 
Extrapolated points on top AC 
Base of AD 
Top of AD 
Base of BA 1 
Top of BA1 
Base of BA2 
Top of BA2 
Base of BABC 
Top of BABC 
Base of BA 
Extrapolated points on base BA 
Top of BA 
Extrapolated points on top BA 
Base of BBCD 
Top of BBCD 
Base of BBC 



BBC-TOP 
BB-BASE 
BB-BASE-X 
BB-TOP 
BB-TOP-X 
BC-BASE 
BC-B ASE-X 
BC-TOP 
BC-TOP-X 
BDE-BASE 
BDE-TOP 
BD-BASE 
BD-B ASE-X 
BD-TOP 
BD-TOP-X 
BEF-BASE 
BEF-TOP 
BE-BASE 
BE-BASE-X 
BE-BDET-X 
BE-TOP 
BF1-BASE 
BF1-TOP 
BFl-TOP-X 
BF2*-BASE 
BF2*-BASEX 
BF2*TOP 
BFG-BASE 
B F G B  ASE-X 
BFG-TOP 
BF-BASE 
BF-BASE-X 
BF-TOP 
BF-TOP-X 
BG-BASE 
BG-B ASE-X 
BG-BFG-TOX 
BG-TOP 
BH-BASE 
BH-TOP 
BLOCK-XRS 
BSH-ASH-B 
BSH-ASH-X 
DMAIN-B ASE 
DMAIN-B-X 
EXT-2-WLOO 

Top of BBC 
Base of BB 
Extrapolated points on base BB** 
Top of BB 
Extrapolated points on top BB 
Base of BC 
Extrapolated points on base BC 
Top of BC 
Extrapolated points on top of BC 
Base of BDE 
Top of BDE 
Base of BD 
Extrapolated pts on base BD, BDE and mid-BBDC 
Top of BD 
Extrapolated points on top BD 
Base of BEF 
Top of BEF 
Base of BE 
Extrapolated points on base BE 
Extrapolated points on top BE and top BDE 
Top of BE 
Base of BF1 
Top of BF1 
Extrapolated points on top BF1 
Base of BF2* 
Extrapolated points on base BF2* 
Top of BF2* 
Base of BFG 
Extrapolated points on base of BFG 
Top of BFG 
Base of BF 
Extrapolated points on BF base 
Top of BF 
Extrapolated points on BF top 
Base of BG 
Extrapolated points on BG base 
Extrapolated points on BGIBFG top 
Top of BG 
Base of BH 
Top of BH 
Section lines for block model slicing 
Base of BlackshaleIAshgate seam 
Extrapolated points on (base) BlackshaleIAshgate seam 
Base of Deep Main seam 
Extrapolated points on base Deep Main seam 
Extent of 2nd Waterloo seam 



EXT-AA 1-BS 
EXT-AA 1-TP 
EXT-AA2-BS 
EXT-AA2TP 
EXT-AB 1 
EXT-AB 2 1 
EXT-AB22 
EXT-AB2B S 
EXT-AB 2-TP 
EXT-AB3-BS 
EXT-AB 3-TP 
EXT-AB4BS 
EXT-AB4-TP 
EXT-AC 1-BS 
EXT-AC 1 -TP 
EXT-AC2BS 
EXT-AC2-TP 
EXT-ACB AS 
EXT-AC-TOP 
EXT-ADB AS 
EXT-AD-TOP 
EXTBA*-BS 
EXT-B A*-TP 
EXT-B AB C B  
EXT-B AB C-T 
EXT-B A-B AS 
EXT-BBCD-B 
EXT-BB CD-T 
EXT-BBC-BS 
EXT-BBC-TP 
EXT-BB-BAS 
EXT-BBTOP 
EXT-BC-B AS 
EXT-BCTOP 
EXT-BDE-BS 
EXTBDE-TP 
EXT-BD-BAS 
EXT-BD-TOP 
EXT-BEF-B S 
EXTBEF-TP 
EXT-BE-BS 
EXT-BE-TOP 
EXT-BF 1 B S  
EXTBF 1-TP 
EXT_BF2*B 
EXT_BF2*-T 

Extent of AA1 base 
Extent of AA1 Top 
Extent of AA2 base 
Extent of AA2 Top 
Extent of AB 1 top and base 
Extent of AB21 
Extent of AB22 
Extent of AB2 base 
Extent of AB2 Top 
Extent of base of AB3 
Extent of AB3 Top 
Extent of base AB4 
Extent of top of AB4 
Extent of AC1 base 
Extent of top of ACl 
Extent of AC2 base 
Extent of top of AC2 
Extent of AC base 
Extent of top of AC 
Extent of AD base 
Extent of AD top 
Extent of BA* base 
Extent of BA* Top 
Extent of BABC Base 
Extent of top BABC 
Extent of BA Base 
Extent of BBCD Base 
Extent of top BBCD 
Extent of BBC Base 
Extent of top BBC 
Extent of BB Base 
Extent of BB Top 
Extent of BC base 
Extent of top BC 
Extent of BDE base 
Extent of BDE Top 
Extent of BD base 
Extent of BD Top 
Extent of BEF base 
Extent of BEF top 
Extent of BE base 
Extent of BE Top 
Extent of BF1 Base 
Extent of BF1 top 
Extent of BF2* Base 
Extent of BF2* top 



EXT-BFG-B S 
EXT-B F G T O  
EXT-BF-B AS 
EXT-BF-TOP 
EXT-BG-B AS 
EXT-B G-TOP 
EXT-BH-TB 
EXT-DMAINB 
EXT-NAM-B S 
EXT-NAM-TP 
EXT-S ACADT 
EXT-S- 1 AAB 
EXT-S- 1 AAT 
EXT-S-1 BB 
EXT-VMB-B S 
EX-SACAD-B 
EX-SMTNASH 
EX-S-AB ACB 
EX-S-AB ACT 
EX-S-BBBCB 
EX-S-BBBCT 
E-SBDEBF-B 
E-SBDEBF-T 
E-S-BFlBF2 
NAM-B ASE 
NAM-B ASE-X 
NAM-TOP 
NAM-TOP-X 
PGATE-B ASE 
PGATE-B-X 
S-1 AA-BASE 
S- 1 AA-TOP 
S-1 AA-TOPX 
S-1 BB-BASE 
S-1BB-TOP 
S-AB-AC-BS 
S-AB-AC-TP 
S-AC-AD-BS 
S-AC-AD-TP 
S-BB-BC-BS 
S-BB-B C-TP 
S-BDE-BFB 
S-BDE-BFT 
S-BFlBF2-B 
S-BFlBF2-T 
S-MTNASH-B 

Extent of BFG Base 
Extent of BFG top 
Extent of BF Base 
Extent of BF top 
Extent of base of BG 
Extent of BG top 
Extent of BH (top and base) 
Extent of base of Deep Main seam 
Extent of base of Namurian 
Extent of top of Namurian 
Extent of S-AC-AD top 
Extent of S-1 AA base 
Extent of S-1 AA top 
Extent of S-1BB (top and base) 
Extent of base of vanderbeckei MB 
Extent of base of S-AC-AD 
Extent S-MTN-ASH 
Extent of base of S-AB(4)-AC 
Extent of S-AB(4)-AC top 
Extent of SBB-BC base 
Extent of S B B B C  top 
Ex tent S-BDE-BF Base 
Extent S-BDEBF top 
Extent SBFl-BF2 
Base of Namurian 
Extrapolated points on base of Namurian 
Top of Namurian 
Extrapolated points on top of Namurian 
Base of Parkgate seam 
Extrapolated points on base of Parkgate seam 
Base of S-1 AA 
Top of S-1 AA 
Extrapolated points on top of S-1 AA 
Base of S-1BB 
Top of S-1BB 
Base of S-AB(4)-AC 
Top of S-AB(4)-AC 
Base of S-AC-AD 
Top of S-AC-AD 
Base of S-BBBC 
Top of S-BBBC 
Base of S-BDE-BF 
Top of S-BDEBF 
Base of S-BFl-BF2 
Top of SBFI-BF2 
Base of S-MTN-ASH 



S-MTNASH-T Top of S-MTN-ASH 
VMBB ASE Base of A. vanderbeckei Marine Band 



Appendix 3 
List of Triangulations created during construction of the Vulcan model 
Note: 3 denotes solid triangulation used in creation of block model 

Triangulation name 
2-ELL. SFT 
2-WLO0.SFT 
AA1-SOLID.OOT 5 
AA2-SOLID.OOT 5 
AB 1-SOLID.OOT 5 
AB 2-S OLID .OOT 3 
AB3-SOLID.OOT 3 
AB4-SOLID.OOT 3 
AC1-SOLID.OOT 5 
AC2-SOLID.OOT 5 
AC-SOLID.OOT 3 
AD-SOLID.OOT 5 
B A-SOLID.OOT 
B ABC-SOLID.OOT 3 
BB-SOLID.OOT 9 
BBC-SOLID.OOT 3 
BBCD-SOLID.OOT 5 
BC-SOLID.OOT 3 
BD-SOLID.OOT 3 
BDE-SOLID.OOT 
BE-SOLID.OOT 3 
BEF-SOLID.OOT 5 
BF1-SOLID.OOT 3 
BF2-SOLID.OOT 5 
BF-SOLID.OOT 3 
BFG-SOLID.OOT 5 
BG-SOLID.OOT 3 
BH-SOLID.OOT 5 
BSH-ASH-BASE.OOT 
DMAIN-B ASE.OOT 
NAM-SOLID.OOT 
NAM-TOP.OOT 
PGATE-B ASE.OOT 
PHASE 1-SOLID.OOT 
PHASE2-SOLID.OOT 
S-1 AA-SOLID.OOT 3 
S-1BB-SOLID.OOT 5 
S-AB-AC-SOLID.OOT 5 
S-AC-AD-SOLID .OOT 
S-BB-BC-SOLID.OOT 3 
S-BDE-BF-SOLID.OOT 

Description (where necessary) 
Base of 2nd Ell seam 
Base of 2nd Waterloo seam 

Base of BlackshaleIAshgate seam 
Base of Deep Main seam 
Namurian solid triangulation 
Top of Namurian 
Base of Parkgate seam 
Solid triangulation of all Phase 1 ('A' codes) volcanics 
Solid triangulation of all Phase 2 ('B' codes) volcanics 



S-BF 1-BF2-SOLID.OOT 5 
S-MTN-ASH-SOLID.OOT 5 
SILLS-ALL-SOLID.OOT Solid triangulation of all sills 
VMB .RLT Base of A. vanderbeckei Marine Band 



Appendix 4 
Borehole listing 'collars.dat' for input to Vulcan database 



Appendix 5 
Borehole listing 'lith.dat' for input to Vulcan database 
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HOLEID 

2 -- 1 -- I - 

, -- 

-t - 
M~ddlest~le-Br~dge , 

Redmie-Br~dge , - 4 9 0  5 0 0  M a ~ e  - - 

Redmlle-Brldge , 52 0 58 0 & v ~  
Redm~le-Br~dge 1 5 8 0  62 0 Tuff 
Redrm~e-Br~dge - 

t - 

, -  
- 

* - 

I 

C -- -7 

I 
- +- -- t --- 

Granby-1 
Granby-1 - 

Granby-1 
Granby-1 6 6 0  670,Coal und~v~ded DMAlN ,Deep Maln - 
Granby-1 76-04 850!811 basalt~c or doler~t~c +S-BF1-BF2 - + 

Granby-1 91 0 92 0lCoal und~v~ded  PGATE TparkPte - - 

Granby-1 9 7 0  98OCcal  undlv~ded :ma r<iton/Threequarters 1 - 

Granby-1 990-  1130ALava I basalt~c , BFl I 1 -  - - 

Granby-1 1 1 9 0  131O.Lava L b a ~ a l t ~ ~  _ {"B - +--- --- - 

Granby-1 142 0, 143 O+Coal - , u n ~ ~ v ~ d e d  , @jS.H=I\SH Blackshale/~shg_afe + - -  - 

Granby-1 165 0 188 0,Sill - basalt~c -- or doler~t~c .S-MTN-ASH 4- - ' 
t 

1 
Granby-1 1 9 2 0 L  193O7C~ l  , unqv~ded I- I M I C ~ I ~ ~  Th. 7 

t -- 
&ranby-1- 1 9 7- 0 + 1 980,Coal und~yded - + - - - -  MTK I M~ckJey Thlck + i - i 

Granby-1 216 OC 217 O~Coal , undyded KLBN - 
- t i ~ ~ l b ~ r ~ -  -* + - + -  

Granby-1 , 256 0, 275 04Lava -- basal&~ - - LAC I 
1 - -  

, - -- - 

Granby-1 282 0 +  288 O t L ~ a  - I basalt~c -- lAA22 + - - - -  + -  - + -- + j--- 
Granby-1 291 0 ,  296 04Lava - basalt~c AA21 - - 

Granby-1 308 0 309 O ~ C ~ l  und~v~ded + BLAWN - Belper Lawn - I 

Granby-1 3 2 2 0  323OManne 1 Band G subcrenatum Mar~ne Band + -- - 1% 
Granby-1 - - 323 01 402 0'~@1vlded !Und~y~dej  NAM i~amur lan I 

t t - - i - .  

Granby-1 ' 402 01 438 0 Und~vided ,Und~!ded 1D'N -- ,Dflnt~??!-, - .--- -~ 

I I 
L - L- -- 

~ r a i b ~ - 2  ' 13 41 -E~c&I- 
Granby-2 : 35 0 36 OjCcal t 

Granby-2 4 9 0  50  0A~ar1ne 
Granby-2 

I ; 65 
0,Coal 

Granby-2 68 0 Lava 
Granby-2 ' 70 0, 85 OI911 
Granby-2 90 0 ,  91 0 Coal 
Granby-2 9 6 0 1  9 7 0 1 e 1  
Granby-2 98 0 1  117 0,Lava - 

1 
T 

Granby-2 1 1 7 0 j  1240jLava - I I 

Granby-2 157 0. 158 O+Coal , und~y~ded RSH-ASH 
Granby-2 1 7 4 0  1750ACoal I und~v~ded - 
Granby-2 181 0 182 0 Coal und~yded Mn< 

Bla_ckshale/Ashgate 
1 

t 
M~ckley Th~n  
M~ckley Thlck 

Granby-2 203 OL 204 O ' C ~  Kllbu~n 
Granby-2 233 0 2 6 5 3 ~ a v a  ~ b a s a l t ~ c  

270 0' 298 Granby-2 basdt~c 
Granby-2 3 1 3  OL 3 _ 1 5 d ~ u f f  T U I  t 

Granby-2 , 315 0' 3 1 E j 5 j ~ o a 1  I 
Granby-2 324 0. 325 0 ~ ~ a r 1 n e  - Band - I- G scenatu_mMar~ne BandJ- - ~ 

Granby-2 325 01 3 9 4 9 r g v ~ e d  - ~Und~vged  N !  I 
Granby 2 1 394 01 397 0 1  Und~v~ded Und~v~ded DIN 1 t -  - I 



Gr~mmer 

- I 

Stathern-South 

b a s a l t ~ ~  or d~lerltlc 

I 
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HOLEID - TO ,ROCK1 -- 1ROCK2 lCQ!?E m)RK A---- I -  1 -  

undlv~ded 

Hars touoad  

- 

I --- 

-r-- 

- -- - I- 
a - - 

-- 

1 
, 

+ -- 

+ T- 1 

Great-Pocon -- +- 

Great-Enton , 161 3 194 3 Lava 
199 3 2 1 7 3 r ~ u f f  Great-Peon , 4 3 3  -- 

)A622 - - Great-Pgnton 2 1 7 3  229TLava  - a- 

Great-Ponton 2 5 6 3  2 8 1 3 L a v a  - 

Great-Ponton 281 3 3893,Undlv1ded - - 
I 

- - , 

Croxton-Abbey 2 7 9  28 OCoal - Fund@ - 

Croxton-&ey - 46 5 47 O]Coal _undlv~d= 
C r o x t o u b b e y  - - 49 0 500GMartne -- Band 1- - 

t- 

Croxton-&bey -- 51 0 91 siLava p s a J t s  ,- 

' Where the A vanderbecke~ Mar~ne Band 1s absent, an approx~mate hor~zon for ~t was assumed, based on the Vulcan model v 3 1 
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