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Can Geologic Studies Help

Explain Excavation Anomalies

and Support DSCs?

Three Case Histories

Say Yes!



TBM Tunnel #1



Anticipated vs. Actual Penetration Rate
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Dukelabsõs 

Tunnel #1 Field Office

Office Help



Foliated Textures Anticipated in Well-Layered Hartland Formation



NYC Schist

Well-layered Hartland Fm. 

Penetrative Foliated Textures

Great Rocks for Tunneling

and Excavation!





Tough, Granoblastic Textures Encountered in Orthogneiss



1ò = 10ô Mapping Program 1997-1999



Incorrect Pre-Bid Anticipation Based on Tunnel-Horizon Borings



Density Analysis of > 100 Samples >> Schist (~2.65)



Figure 3. Tectonic Affinities of Felsic Rocks
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syn-Collision Granites

 Within Plate Granites

Volcanic Arc Granites

Ocean-Ridge Granites

after Pearce et al . (1984)

Figure 2.  Trace Element Classification of Igneous Rocks
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after Winchester and Floyd (1977)

From Brock, Brock and Merguerian 2001

Geochemistry

Geochronology

Unlike Hartland and Much Older



High-Pressure Granulite Facies

Opx+Cpx+Primary Gt



Secondary Upper 

Amphibolite Facies

Hbl+Bio+Gt

Garnet Necklaces



Secondary Upper 

Amphibolite Facies

Hbl+Bio+Gt

Garnet Necklaces

High-Pressure
Granulite Facies
Metamorphism

Produced Broad Zones
of Anomalous Garnet,

Higher Density,
Lower Production,

Excessive Fines 



~11% of Tunnel up to 50% Garnet

in 32 Zones (= Ore Deposit!!)

Abrasive, Tough Granoblastic Rock Mass =

Low Penetration Rate of <6ô/hour vs.

9ô/hour Anticipated and Excessive Fines

Bimodal Blocks and Dust



Pre-bid Data =

NE-trending

Steep SE Dip

of Foliation
Very Favorable

Tunnel Drive

Orientation!!

Instead:

11% ~ 0°

27% <30°

38% Gentle Dips
Very Unfavorable

TBM Drive

Orientation!!



Foliation Planes Perpendicular

Spacing

Penetration

Foliation Planes

Case A

Chipping mechanism when TBM advancing
perpendicular to foliation (Case A)



Foliation Planes Parallel

Case B

Spacing

Penetration

Foliation Planes

Chipping mechanism when TBM advancing 
parallel to foliation (Case B)



Normal TBM Chips



Excessive Fines
Mineralogy

Metamorphism

Fabric

Garnet



Five Laterally Extensive Dikes

                                                                                            Exposed  Thick-

Dike Stations      Orientation   Length     ness            Brief Comments

  1     109+20 - 109+52   N65ÁW, 57ÁNE      32'   12' cuts N58̄ E, 83̄ NW normal fault

  2     117+58 - 118+24   ? - RW Only          66'  >8' cuts N52̄ E, 76̄ NW normal fault and shear zone

  3     128+70 - 129+21   ? - LW Only         51ó         7' cuts D3 shear zone

         129+53 - 130+41   N48ÁW, 78ÁSW     88'   11' cuts N20̄ E, 10̄ NW thrusts and older F3 fold

  4     131+70 - 132+42   ? - LW Only         72ó    6' cuts N30̄ W, 23̄ SW thrust fault 

         132+40 - 132+56   ? - RW Only        16ó         3' thin selvage cuts thrust fault and shear zone

         132+58 - 133+62    N61ÁW, 81ÁNE   104'  5'-10' cuts N44̄ E, 83̄ SE reverse shear zone; fractured

  5     149+93 - 151+36    N52ÁW, 90Á         143ó    16' cut by N20̄ E, 70̄ NW normal fault; clay -rich gouge 

         151+45 - 152+40    N40ÁW, 83ÁSW    95ó   14' cut by N18̄ E, 70̄ NW normal fault; clay -rich gouge



Glassy Textures

Vesiculated

Hornblende Phenocrysts

Plagioclase Phenocrysts

Typical Rhyodacite Features

Geochemical Confirmation


