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|ntrOdUCtiOn Stage 1

The North Atlantic sediment cores contain quasi-periodic layers with extremely high percentages of lithic 4
fragments during glacial periods. These sediments were captured by the ice, transported from the
Northern Hemisphere ice sheets and eventually unloaded onto the seafloor when the enclosing ice melted.
A non-homogenous sediment distribution suggests that ice flow might fluctuate in time. Several mecha-

nisms have been proposed, among which internal-free oscillations rest on the assumption that there exists Plage<
a transition between two potential states of basal lubrication. éé
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e Determine under what conditions internal oscillations are plausible.
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Proposed formulation: a finite 1D domain 3D numerical simulations
e Higher-order thermomechanical ice-sheet model Yelmo (Robinson
et al., 2020).
Qt — "ﬂyy + f Yy < I,t > () e Laurentide Ice Sheet (LIS) domain and constant BC.
9(y7 O) — g&(y) y E I .................................. .......... ........................... :
. . . = Basal friction complexity ED:I ;
0 satisfies certain BCs. | >
Purely mechanical Thermome.chanical
Separation of variables, “shifting data” technique (0 — ¢, &) and .

. f Y
Series convergence ead to: : o T Two-valued ‘/\* Water

approach dependent
: : : : N = pigH = F a=cf+cel—f) R £ 5 A A(1-s) .
BC Physics Eigenvalues Eigenfunctions A=r Negr=No( 5 ) 10° :
— Ll N Al
Sy - & :
Non-oscillatory equilibrium Oscillatory equilibrium (numerically stable)
F. d 9 tth 1 I R e bbbt s s bbbt s ShSh bbb bt shs e
: ixed 0 at the B ™ Z — kAt =
RObln tOp AV )\n = (n + 5) z C(y) t) — AnCOS ( )\ny) e n I2000 E 3.5
n=0 = A 000 = 3.25
X 500 S
: Tl T 395 40 30 20 10 0
: 200
= =
100 & 200
5 =
Constant nm &o(?) - A 100mm
: . — _ & 0.0
Neumann ce-air Oy \/ A\, = 7 E(y,t) = : + E En(t)cos ( )\ny> ) 50 20 30 20 10 0
n=l 105 E 100 ©
N —~ 02 X
T 0.0 08
? -50 -40 -30 -20 -10 0
o Time (103 yr)

e Our solutions are strongly dependent on the ice thickness L.
e We retrieve T = 7000 years in the limit L — co.

Temperature at the base 6(0,t). Period of oscillation T(L).
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a7l W e s 7 — Conclusions
ORIt | R Lo PEPSTPITECELEEE A
Y ey T 1'0 P cethickness (k) * 1. The assumption of an infinite domain in previous studies appears to be an over-
simplification. Periodicity of internal-free oscillations is strongly dependent on ice
thickness L, thus yielding two regimes.
We further express Neumann solution in terms of Jacobi theta functions 2a. A thermomechanical coupling of the basal friction parametrization appears to be a
thus eluding series truncation: necessary condition (yet not sufficient) for the existence of stationary oscillatory
' solutions.
2b. Volume changes seem unable to explain IRD layers.
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