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Problem:	
  Large-­‐scale	
  river	
  deposits	
  in	
  the	
  Old	
  Red	
  of	
  	
  the	
  Midland	
  Valley	
  of	
  Scotland	
  have	
  no	
  
known	
  origin,	
  e.g.	
  10	
  m-­‐thick	
  cross-­‐straOfied	
  river	
  bar	
  deposits.

TEST	
  the	
  hypothesis	
  of	
  a	
  SCANDINAVIAN	
  SOURCE
Detrital	
  zircon	
  fingerprint	
  of	
  Devonian	
  Norway	
  established	
  by	
  >3000	
  age	
  analyses	
  

from	
  the	
  collecOon	
  of	
  all	
  Norwegian	
  Devonian	
  basins

Ar/Ar	
  muscovite	
  age	
  populaOon	
  for	
  the	
  Norwegian	
  metamorphic	
  terranes,	
  and	
  
	
  Hornelen	
  basin	
  also	
  well	
  established	
  	
  (>300	
  detrital	
  mica	
  analyses)



 Devonian 
Ganges-style 

(orogen parallel) river 
system draining the 
Scandian Highlands?

River bar deposits 
in Midland Valley 

indicate river 
system with 

>20m depth, and 
a source outside 

of Scotland

Goal: to use detrital zircon and mica 
age dating to determine the 
provenance of Midland Valley 

river deposits



Can we identify 
a diagnostic zircon age population 

for provenance analysis?

1. modern surface samples
>5000 published ages

2. detrital samples from 
contemporaneous 

Siluro-Devonian deposits
>4000 ages

two types of comparable datasets 
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zircon: ~1.65 Ga age peak ...
indicative of Scandinavian provenance,

 but not diagnostic

1. modern surface samples
>200 Ar/Ar mica ages
~ 100 K/Ar mica ages

2. detrital samples from 
contemporaneous 

deposits
>400 ages

Can detrital muscovite  Ar/  Ar
provide additional provenance constraints?

40               39



Timing of thermal pulses...
 

associated with 
a) peak metamorphic conditions,

or
b) cooling and uplift following 

eclogite-facies subduction

....varies around the
North Atlantic

Greenland: 420-380 Ma

Norway: 430-380 Ma
Scotland: ~450 Ma

N

N

Devonian basins

Caledonian orogenic belt

Devonian extensional zone

extensional kinematics

Figure modi!ed from Fossen (2010).
Devonian paleodrainage
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Seamill

Figure by B. Bluck (2000),
 also pictured above.

Large river bar deposit,
paleoflow from WNW

Seamill
Inverbervie

Perth

DunoMar

Lan
ark

 ba
sin

Str
ath

more
 ba

sin

Old	
  Red
Sandstone

Flow
DirecOon

Midland Valley
map modified from  www.scottishgeology.com

http://www.scottishgeology.com
http://www.scottishgeology.com


Seamill

Old	
  Red	
  
Sandstone

Flow
DirecOon

Inverbervie

Perth

DunoMar	
  &	
  InverbervieDunoMar

co
ng
lo
m
er
at
es

- conglomeratic matrix from 
NE coast deposits 

sampled for detrital mica

-large river bar deposit
near Perth sampled for 
detrital zircon and mica

Midland Valley

Text

Lan
ark

 ba
sin

Str
ath

more
 ba

sin

Bluck 2000

map modified from  www.scottishgeology.com

http://www.scottishgeology.com
http://www.scottishgeology.com


Midland Valley

Stra
th

more
 basin

Si
lu

ri
an

   
   

   
   

   
   

 S
ilu

ro
-D

ev
on

ia
n 

   
   

  L
ow

er
-M

id
dl

e 
D

ev
on

ia
n

this
study

detrital mica additional samples

paleocurrents

500 1000 1500 2000 2500 3000 3500

1682

1084

Seamill Upper ORS

(n=67)

2742

500 1000 1500 2000 2500 3000 3500

1662

1080

W Perth Lower ORS

(n=91)

467

S. Uplands

500 1000 1500 2000 2500 3000 3500

477

1092

Midland Valley Silurian

Southern Midland Valley
Lanark Basin (Silurian)  (n=307)
Phillips et al 2009

Lanark Basin: Lower ORS 

So
uth

ern
 U

pla
nd

s

Gram
pian

 High
lan

ds

Lanark basin

map modified from  www.scottishgeology.com

http://www.scottishgeology.com
http://www.scottishgeology.com


Midland Valley

Lanark basin

Stra
th

more
 basin

paleocurrents

360 380 400 420 440 460 480 500 520

Inverbervie and Dunottar (n=20)
    (conglomeratic matrix)

W Perth bar (n=21)

Lower ORS

Upper ORS

360 380 400 420 440 460 480 500 520

Seamill Bar (n=24)

Inverbervie and Dunottar (n=20)
    (conglomeratic matrix)

W Perth bar (n=21)

Lower ORS

Upper ORS
445-450

412

428

360 380 400 420 440 460 480 500 520

Scottish Caledonides

Moine & Dalradian
    K/Ar (n=86)

Moine Ar/Ar
    n=15

S. Uplands 
Ar/Ar n=98

Norway (n=146)
 Hornelen detrital 
    ages (n=310)

Scandinavian and  Greenland Caledonides

Greenland (n=47)

360 380 400 420 440 460 480 500 520

youngest ages: 
362, 397 Ma

mica

map modified from  www.scottishgeology.com

http://www.scottishgeology.com
http://www.scottishgeology.com


360 380 400 420 440 460 480 500 520

Scottish Caledonides

Moine & Dalradian
    K/Ar (n=86)

Moine Ar/Ar
    n=15

S. Uplands 
Ar/Ar n=98

Norway (n=146)
 Hornelen detrital 
    ages (n=310)

Scandinavian and  Greenland Caledonides

Greenland (n=47)

360 380 400 420 440 460 480 500 520

youngest ages: 
362, 397 Ma

Seamill
UORS

Perth
LORS

Dunottar
&

Inverbervie
LORS zircon mica

summary

360 380 400 420 440 460 480 500 520

Seamill Bar (n=24)

Inverbervie and Dunottar (n=20)
    (conglomeratic matrix)

W Perth bar (n=21)

Lower ORS

Upper ORS
445-450

412

428

500 1000 1500 2000 2500 3000 3500

Hebridean
n = 126

N. Highland 
n = 860

Grampian 
 n = 1004

Dee River
n = 560

1630 1780

500 1000 1500 2000 2500 3000 3500

Norway Devonian
    (n=3011)

Greenland and Norway

E Greenland 
Devonian
   (n=520)

500 1000 1500 2000 2500 3000 3500

~1650

~1080
Seamill UORS (n=67)

2742

W Perth LORS (n=91)

~470

~1650

~1670

1895

exotic
sources

local 
sources

this 
study

surface

surface

surface

detrital

detrital



The End

Upper Old Red Sandstone,
Seamill, Scotland

Presence	
  of	
  
~1.65	
  Ga	
  zircon	
  populaOon	
  

+
	
  ~410	
  Ma	
  mica	
  populaOon	
  

in	
  Upper	
  Old	
  Red	
  Sandstone:
	
  supports	
  a	
  Norway/Greenland	
  source	
  

for	
  major	
  river	
  deposits	
  

Conclusions

-­‐	
  inconclusive	
  evidence	
  supporOng	
  a	
  Norway/
Greenland	
  source	
  for	
  the	
  major	
  river	
  deposits	
  in	
  the	
  

Lower	
  Old	
  Red	
  Sandstone


